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PREFACE TO THE THIRD ENGLISH EDITION 


Tins is the sixth edition in the English language of Richter’s ‘‘ Organic 
Chemistry,” three American Editions preceding the first English one. 
It follows 15 years after the first English Edition and includes all the 
new and revised matter of the 12th German Edition, and a good deal 
of further matter which it was felt desirable to insert. 

The arrangement of the matter in the introduction is a character- 
istic feature of the book, which has been preserved in this edition. It 
is realized that with the great advances which are now taking place 
on the theoretical side of organic chemistry, some subjects may 
appear inadequately dealt with, and in places the presentation may 
appear somewhat old-fashioned, but without entirely rewriting and 
rearranging the introductory section, which would entirely alter the 
individuality of the book, this is largely inevitable. Short articles 
on the Electronic* Theory of Valency and the Parachor have, however, 
been included, on account of their importance in the understanding 
of some* problems of a stereochemical and constitutional nature. 

It was suggested in several reviews of the last edition that the 
replacement of the numerous “ Centralblatt ” references by their 
originals was desirable'. This has been done as regards the majority 
of the references from 1910 onwards : in addition, a number of further 
references have Ixien included. 

Many minor amendments and additions have been made through- 
out the book. 

fn matter of nomenclature, where the English and German usage 
varies, English custom has been followed. Thus the substance 
originally described as ^ y-glucose ’ is referred to as glucofuranoso 
rather than hcteroglucose. Tho use of Greek letters for indicating 
position in open chains has been continued with the exception of sugar 
derivatives, where the use of arabic numerals has become more or less 
universal. 

My thanks are due to Dr. W. H. Hurtley, who kindly read certain 
portions of the manuscript, and to the publishers and printers for 
their co-operation in producing a very difficult piece of typography. 
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ORGANIC CHEMISTRY 


INTRODUCTION 

Whilst inorganic chemistry was developed primarily through the 
investigation of minerals, and was in consequence termed mineral 
chemistry^ it may be said that the development of organic chemistry 
was due to the study of products resulting from the alteration of plant 
and animal substances. About the close of the eighteenth century 
Lavoisier demonstrated that, when the organic substances present in 
vegetable and animal organisms were burned, carbon dioxide and 
water were always formed. He also showed that the component 
elements of these bodies, so different in properties, were generally car- 
bon, hydrogen, oxygen, and, especially in animal substances, nitrogen. 
Lavoisier further gave utterance to the opinion that peculiarly con- 
stituted atomic groups, or radicals, were to be accepted as present 
in organic substances ; whilst the mineral substances were regarded 
by him as the direct combinations of single elements. 

As it seemed impossible, for a long time, to prepare organic bodies 
synthetically from the elements, the opinion prevailed that there 
existed an essential difference between organic and inorganic sub- 
stances, which led to the use of the names Organic Chemistry and 
Inorganic Chemistry* The prevalent opinion was, that the chemical 
elements in the living bodies were subject to other laws than those in 
the Ho-called inanimate nature, and that the organic substances were 
formed in the organism only by the intervention of a peculiar vital 
force, and that they could not possibly be prepared in an artificial 
way. 

One fact sufficed to prove these views to be unfounded. The 
first organic substance artificially prepared was urea {Wdhkr, 1828). 
By this synthesis chiefly, to which others were soon added, the idea 
of a peculiar force necessary to the formation of organic compounds 
was contradicted. All further attempts to separate organic substances 
from the inorganic (the chemistry of the simple and the chemistry 
of the compound radicals, p. 21) were futile. At present we know 
that these do not differ essentially from each other ; that the pecu- 
liarities of organic compounds are dependent solely on the nature^ of 
their essential constituent, Carbon ; and that all substances belonging 
VOL. I. 1 B 
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to plants and animals can be prepared artificially from the elements. 
Organic Chemistry is, therefore, the chemistry of the cdrhon compounds > 
Its separation from the chemistry of the other elements is necessitated 
only by practical considerations, on account of the very great number 
of carbon compounds (about 180,000 : see M. M, Richter’s Lexikon 
der Kohlenstofiverbindungen ; Annual increase, some 5000 new com- 
pounds), which far exceeds those of all other elements put together. 
No other possesses in the same degree the ability of the carbon atoms 
to unite with one another to form open and closed rings or chains. 
The numerous existing carbon nuclei in which atoms or atomic groups 
of other elements have entered in the formation of organic derivatives 
have arisen in this manner. 

The impetus given to the study of the compounds of carbon has 
not only brought new industries into existence, but it has caused the 
rapid development of others of like importance to the growth and 
welfare of the nation. 

The advances of organic chemistry are equally important to the 
investigation of the chemical processes in vegetable and animal 
organisms, a section of the subject known as Physiological Chemistry 
or Biochemistry. 

DETERMINATION OF THE COMPOSITION OF CARBON 
COMPOUNDS 

ELEMENTARY ORGANIC ANALYSIS 
Most carbon compounds occurring in the animal and vegetable 
kingdoms consist of carbon, hydrogen, and oxygen, as was demon- 
strated by Lavoisier, the founder of organic elementary analysis. 
Many, also, contain nitrogen, whilst sulphur and phosphorus are often 
^ present. Almost all the elements, non-metals and metals, may be 
a^ifioially introduced as constituents of carbon compounds in direct 
union with carbon. The number of known carbon compounds is ex- 
ceedingly great. A general method, therefore, of isolating the several 
CBCpipounds of a mixture, as is done in inorganic chemistry in the 
^jmration of bases from acids, is impracticable, and special methods 
teve to be devised.* The task of elementary organic analysis is to 
5 determine, qualitatively and quantitatively, the elements of a carbon 
i^s^pound after it has been obtained in a pure state and characteriased 
^ definite physical properties, such as crystalline form, specific 
melting point, and boiling point. Simple practical methods 
the direct determination of oxygen do not exist ; its quantity is 
calculated by difference, after the other constituents have been 

found. 

BETERMINATION OF CARBON AND HYDROGEN 
Tfae pres^ce of carbon in a substance is shown by its charring when 
Suited out of contact with air. In general its quantity, as also that of 
hydrc^n, is ascertained by combustion. The substance is mixed 
k a glass tube with copper oxide and heated, or the vapour of the 

, Systematic sep^ation of mixtures of carbon compounds, see H. Staudinger, 
ssur oiganisohen qualitativen Analyse (Benin, 1923, Springer). 
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Hubatanee is passed over red-hot copper oxide. The cupric oxide gives 
up its oxygen and is reduced to metallic copper, whilst the carbon burns 
to carbon dioxide, and the hydrogen to water. In quantitative 
analysis, these products are collected separately in special apparatus, 
and the increase in the weight of the latter determined. Carbon and 
hydrogen are always vsimultaneously determined in one operation. 
The details of the quantitative analysis are fully described in the text- 
books of analytical chemistry.* It is only necessary here, therefore, 
to outline the methods employed. Liebig’s name is especially associ- 
ated with the elaboration of these methods (Pogg, Ann. 1831, 21, 1). 

Usually the combustion is effected by the aid of copper oxide or fused arid 
granulated lead chromate in a tube of hard glass, fifty to seventy centimetres long 
(liepoiiding upon the greater or less volatility of the organic body). . Substances 
which burn with difficulty should be mixed with finely divided cupric oxide, 
finely tiividod load chromate, or with cupric oxide to which potassium bichromate 
has been added, or the combustion is carried out in a stream of oxygen. (Use 
of moist oxygen, soo Bor. 46, 949.) 

The tube is usually open at both ends {Gfascy^ Ann. Suppl.7, 213) but Liebig 
employed a tube drawn to a point. For many reasons tubes of fused silica 
are preferable (r/. Her. 41, 604 : Ann. 358, 232). An iron tube has also been 
used {Cloiz, Z. anal. Chom. 2, 413). 

The tube is placed in a suitable furnace, charcoal being originally used as 
a heating agent, but gas or electrical heating (see Ber, 39, 2263) is usually em- 
ployed. A particularly economical gas furnace was devised by Prerichs and 
Normann (Z. angew. Chem. 29, 367 (1916)), the tube being enclosed by large 
slabs of kieselguhr of special shape. (Early references, A. W, Hofmann, Ann. 
90, 235 ; 107, 37 : PJrlmm.eyer nen,. Aim. 139, 70 ; Qlaaer, loc. ciL : Anschutz 
and Kekuli, Arm. 228 , 301 ; Fuchs, Ber. 25, 2723.) 

When the tube has been filled, the open end is attached to an apparatus 
designed to collect the water produced in the combustion. The substances used 
to retain the moisture are ; 

1. A U-tube filled with carefully purified calcium chloride, which has been 
dried at 180^ C. 

2. Pure, concentrated sulphuric acid contained in a specially designed tube, 
or pumice fragments, dipped in the acid, and placed in a U-tube {Mathesius, 
Z, anal. Chem. 23, 345). 

3. Pellets of glacial phosphoric acid, contained in a U-tube. The vessel 
intended to receive the water is in air-tight connection with the apparatus 
designed to absorb the carbon dioxide. For the latter purpose a Liebig potash 
bulb was formerly employed, but later that of Geissler came into us© ; and very 
many other forms have been recommended (Ber. 24, 271 : C. 1900, I. 1240). 
U -tubes, filled with granulated soda-lime, are substituted for the customary 
bulbs (Muidert Z, anal. Chem. 1, 2). 

When the combustion is finished, oxygen free from carbon dioxide is fpreed 
into or drawn through the cpmbustion-tube, air being substituted for it later, with 
the precaution that the pieces of apparatus serving to dry the oxygen and air are 
filled with the same material which was used for absorbing the water produced 
by the combustion. As soon as the entire system is filled with air, the pieces of 
apparatus employed for absorbing the water and carbon dioxide are disconnected 
and weighed separately. The increase in weight of the apparatus in which the 
water is collected represents the water resulting from the eombustipn of the 
weighed substance, and the increase in the other the quantity of carbon dioxide. 
Knowing the composition of water and carbon dioxi-^e the quantity oi" 

^ d. Liebig^ Anleitung zux Analyse organischer KOrper, 2. Aufi. i$53 ; 
B. Fr$$emus, Qua^nMtative ohemisohe Analyse, 6. Aufi., Bd- Vortmam, 
Chemisohe Analyse oigmaischer Stoffe; M. Die Bntwieklnng , d^ 

organischen Elementaranalyse, 1899:- Meyeti Analyse und KonstitiutiW'" 
©rmittelung organischer Verbindungen, 4. Aufi. (Springer, 1922) s Die 

Hethoden der organischen Chemie|f Bd. I, S. 20-96 (Leipzig, . 
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and hycirogen contained in the burnt substance can readily* be calculated in 

percentage. _ ^ , j • j u 

Fig. 1 represents one end of a combustion furnace of the type devised^ by 
Kekule and Anschutz (Ann. 228 , 301 ). In it lies the combustion tube V . This is 
connected "with a Klinger calcium chloride tube, A ; B is a Geissler potash*bulb, 
joined to a U-tube, C, one limb of which is filled with pieces of stick potash, and 
the other with calcium chloride, G represents mica plates, which pei'mit of a 
careful observation of the flame. ^ is a section of the iron tube (Modification, 
C. 1903, I. 609) in which the combustion tube V rests ; S’ a side clay cover 
placed over the mica strips ; D a clay cover for the top. jB is the glitter into 
which the gas-pipe, bearing the burners, is placed, and from which it can be 
removed for repair, etc. 

Fig. 1 also shows, above the combustion tube, the anterior portion of a similar 
tube F^, provided with a Bredt and Posth (Ann. 285, 385) calcium chloride tube 
A\ in which the movement of a drop of water enables the analyst to determine 



Fig. 1. 


the rapi<hty of the combustion. is a U-tube filled with soda-lime and pro- 
vided with ground-glass stoppers. is a similar tube, filled one -half with 
soda-lime and one-half with calcium chloride. 

Instead of oxidizing the. organic substance with the'combined oxygen of cupric 
oxide or lead chromate, the method of Kopfer may be employed, in which plati- 
num black is made to carry free oxygen to the vapours of the substance. A 
simpler combustion furnace may then bo employed. 

•This method has been perfected by Dennstedt * and his co-workers. In his 
“ rapid combustion method ” the substance is introduced into a small tube and 
vaporized therefrom into a slow stream of oxygen. At the same time a more 
rapid current of the gas is sent roimd the small containing tube and over the 
heated contact substance (platinized quartz, thin strips of platinum foil or 
platinum gauze)," so that the vapour of the compound to be combusted is always 
in the presence of a large excess of oxygen. The accompanying illustration 
(Fig. 2) indicates clearly the arrangement ^Ber. 38 , 3729 : 39, 1623 : 41, 600 : 
Chem. Ztg. 33, 769). 


♦ Denmtedt, Anleitung zur vereiufachten Eiementar-analyse, 3. Aufl. 
Hamburg, 1910* 
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Oeniiin dioxide has been used as a contact) substance (Ber. 46, 2574). 

Hoinpol and otlieva have worked out methods for the combustion of solid 
organic substances with oxygen under pressure in the autoclave (Ber. 30, 202, 
380, 605). 

Gaseous bodies (uiu bo analysed according to the usual gas analysis methods, 
either with Bunsen’s * apparatus, or with Hempers,twhen great accuracy is not 
required. The yolurne of the gas or mixture of gases is measured after each 
successive reaction with potassium hydroxide solution, fuming sulphuric acid, 
alkaline pyrogallic acid and ammoniacal cuprous chloride. These reagents absorb 
respootivoly carbon dioxide, the so-called heavy hydrocarbons (olefines, acetylene, 
aromatic hydrocarbons of the CnHaa-fl series), oxygen and carbon monoxide. 
The gaseous residue, which may consist of nitrogen, hydrogen and methane, is 
either exploded with oxygon and the contraction in volume measured both before 
and after absorption of the carbon dioxide formed ; or else the two combustible 
gases may be separately dealt with, the hydrogen being absorbed by palladium 
black and the methane being led over incandescent platinum. A complete 
separation of the ethylene hydrocarbons from those of the benzene series has 
been successfully carried out by the employment of activated charcoal (BeW, 
Z. angew. Chom. 34, 125 : 37, 205 : Chem. Ztg. 50, 332). 



Fia. 2. 


When nitrogen is present in the substances burned, its oxides are sometimes 
produced, which have to bo reduced to nitrogen. This may be effected by con- 
ducting the gases of the combustion over a layer of metallic copper filings, or a 
roll of copper gauze placed in the front portion of the combustion tube. The 
latter, in such cases, should be a little longer than usual. The copper, which has 
been previously reduced in a current of hydrogen, often includes some of the gas 
which, < m subseqtien t combustion; would yield water. To remedy this, the copper 
after rotluction is heated in an air-bath or, better, in a current of carbon dioxide 
or to 200*^ in a vacuum. Its reduction by the vapours of formic acid or methyl 
alcohol is inore advantageous ; this may be done by pouring a small quantity of 
t hese liquids into a dry test tube and then suspending in them the roll of copper 
heated to redness; copper thus reduced is perfectly free from hydrogen. 

It is generally unnecessary to use a copper spiral when the combustions are 
carried out in open tubes. 

If the substance contains chlorine, bromine or iodine, copper halides are 
formed, which, being volatile, would pass into the calcium chloride tube. In 
order to avoid this a spiral of thin copper, or better, silver foil is introduced 
into the front part of the tube. When the organic compound contains sulphur 


* Bunsen, Gasornetrische Methoden, 2. Aufl. Braunschweig, 1877. 
f Mempel, Gasornetrische Methoden, Braunschweig, 1913 : Winhler, 
analyze, Freiberg, 1901 : Zsigmondy utul Jander, Kurzer Leitfaden der teohnis- 
ohen Gasanalyse, Vieweg, Braunschweig, 1920. 
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a portion of the latter will be converted into sulphur dioxide (during the com- 
bustion with cupric oxide), which may be prevented from escaping by introducing 
a layer of lead peroxide (Z. anal. Chem. 17, 1). Or lead chromate may bo sub- 
stituted for the cupric oxide, which would convert the sulphur into non-volatile 
lead sulphate. In the combustion of organic salts of the alkalis or alkaline 
earths, a portion of the carbon dioxide is retained by the base. To prevent, 
this and to expel the COg, the substance in the boat is mixed with potassium 
bichromate or chromic oxide (Ber. 13, 1641). 

An organic substance, containing nitrogen, sulphur, chlorine or bromine, can 
be analysed by Dennstedt’s method (see above, Fig. 1). It is mixed with lead 
peroxide and placed in a boat of special shape in the front part of the tube. Ilie 
temperature is then raised to about 320°. The nitrogen, sulphur, and halogens 
are held back in the form of lead compounds, whilst the carbon and hydrogen 
pass away as carbon dioxide and water, and are estimated in the usual way. 

When carbon alone is to be determined this can be effected, in many instances, 
in the wet way, by oxidation with chromic acid and sulphuric acid (MessingeVy 
Ber. 21, 2910 ; compare Ann. 273, 151 : Ber. 42, 1305 : C. 1909, II. 2195 : 
Apparatus, Chem. Ztg. 97, 917 (1912)). 





M- Hod, -to break oHF the capt/lary 
G- = Short ^/ass rod 


Fig. 3. 



A method for the electric combustion of substances with platinum as catalyst 
is described in Chem, Ztg. 33, 733. 

The aim of the neweiT methods is the use of smaller quantities of substanc'o 
to be analysed, a great saving of time being thereby obtained. Borl (Bar. 59, 
890 : 61, 83) has worked out a rapid method for the estimation of carbon and 
hydrogen, whereby, using a quantity of substance containing up to 15 mg, 
carbon, the process can be carried through in 40-45 minutes. The apparatus 
is illustrated in Fig. 3. 

The substance is oxidized by heating with finely powdered lead chromate, 
and the evolved carbon dioxide estimated either volumetrically (Fig. 3, 1) 
or gravimetrically (Fig. 3, III). The water is in either case estimated as the 
increase in weight of the absorption vessels (cone, sulphuric acid, Fig. 3, 1, 
and JH) or calcium chloride (Fig, 3, III), In the case of substances containing 
nitrogen, halogen or sulphur, a layer of lead peroxide is necessary before the 
absorption vessels. Liquids are weighed in the small vessels illustrated in Fig. 3, 
Iv, which are placed for combustion as shown in Fig. 3, II. 

The method necessitates burning at a known rate, and careful preparation 
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of tho reagents used for iillmg the tube and absorption vessels. Kxperiniental 
details, see Bor. 61, 83. 

Microcstimaiion of Carbon and Hydrogen 

{Prcgl, Bio quantitative organische Mikroanalyse, 2. Aiifl. Springer, Berlin, 
1923 : Duhskifi Organischo Mikroeleinentaranalyso : Houbeiif Arbeitsmethoden der 
organis<thon Chcnnio, Bd. I.) 

Tho increase in the sensitivity of the analytical balance to O-OOo-O-OOl mg. 
(BO-callod inicrobalances, Kuhlniann, Bunge, Sartorius) has been used by Pregl 
for the dovolopniont of microanalytical methods. Tho majority of elements can 
bo estimated, using a quantity of 3-5 mg. of substance. The apparatus for the 
estimation of carbon and hydrogen is illustrated in Fig. 4. The filling of the 
combustion tube with silver wool, copper oxide and lead chromate, and lead 
peroxide enables the same tube to be used for substances containing nitrogen, 
halogen or sulphur. For details of this masterly method, the above works 
should be consulted. 



1 . l^iT88urt‘ Itc^Jtulator, 2. Bubble Counter. 2. Platinum Boat. 4. CuO *f- PbCrO^. 5. Cymene 
batli, for heating PbO* to 180®. 0 and 7. Absorption apparatus for CljO and CO3. 8. Marriotte’s 
Bottle. 


DETERMINATION OF NITROGEN 

In many instancoH, the preBence of nitrogen is disclosed by the 
odour of burnt featbers ^yhen the compounds under examination are 
heated. Many nitrogenous substances yield ammonia when heated 
with alkalis (or, better still, with soda-lime). A simple and very deli- 
cate test for the detection of nitrogen is the following : the substance 
is heated in a test tube with a small piece of sodium or potassium, 
or, when the substance is explosive, with the addition of dry soda. 
Potassium cyanide is produced, accompanied perhaps by a slight 
detonation. The residue is treated with water ; to the filtrate, ferrous 
sulphate containing a ferric salt is added, and then a few drops of 
potassium hydroxide ; the mixture is then heated, and finally an 
excess of hydrochloric acid is lukled. An undissolved, blue-coloured 
precipitate (Prussian blue), or a bluiHh -green coloration, indicates the 
presence of nitrogen in the substance examined. 
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Nitrogen is determined quantitatively : (1) as nitrogen, by the 
method of Dumas ; (2a) as ammonia, by the ignition of the material 
with soda-lime (method of Will and Varrentrap) ; (26) as ammonia, 
by heating the substance with sulphuric acid according to the direc- 
tions of KjeldahL 

1. Dumas* Method. — The substance, mixed with cupric oxide, is burned in a 
tube of hard glass in the anterior end of which is a layer of metallic copper which 
serves for the reduction of the oxides of nitrogen. The tube is filled with carbon 
dioxide, obtained by heating either dry, primary sodium carbonate or magnesite, 
contained in the posterior and closed end of the tube. It can also be filled 
from a carbon dioxide apparatus of the type recommended by Kreusler (Z. 
anal. Chem. 24, 440), in which case an open tube is used. A more practicable 
method of procedure consists in evacuating the tube, previous to the combustion, 
by means of an air-pump, and filling each time with carbon dioxide (Ann. 233, 
330, note) ; or the air may be removed by means of a mercury pump (Z. anal. 
Chem. 17, 409). 

When the combustion is ended, excess of carbon dioxide is employed to sweep 
all the nitrogen from the combustion tube into the graduated tube or nitrometer, 
which may have one of a variety of forms {Zulkowsk/y, Ann. 182, 296 : Ber. 13, 
1099 : Schwarz, Ber. 13, 771 : Ludwig, Ber. 13, 883 : H. Schiff, Ber. 13, 886 : 
Staedelt Ber. 13, 2243: Groves, Ber. 13, 1341 : Ilinshi, Ber. 17, 1348). The 
potassium hydroxide in the graduated vessel absorbs all the disengaged carbon 
dioxide, and only pure nitrogen remains. 

Micro Dumas method, see Pregl, Die quantitative organische Mikroanalyse, 
1923 : Semi-micro method, Berl, Ber. 59, 897. 

Given the volume of the gas, the barometric pressure p and the vapour- 
pressure s of the potassium hydroxide (Wiillner, Pogg. Ann. 103, 529 : 110, 564) 
at the temperature t of the surrounding air, the volume Vq at 0° and 760 mm. 
may be easily deduced: 

V Y(y - g) 

® 760 (1 -h 0-003665f)‘ 

Multiply Vq by 0*0012607, the weight of 1 o.c. of nitrogen at 0° and 760 mm,, and 
the product will represent the weight in grams of the observed volume of nitrogen ; 


yt(p ~ 

760 (1 -f l*003665t) 


X 0*0012507 


from which the percentage of nitrogen in the substance analysed can easily be 
calculated. 

Instead of reducing the observed gas volume V, from the observed barometric 
pressure and the temperature at the time of the experiment, to the normal pressure 
of 760 mm. and the temperature of 0® (“ N.T.P.”), the reduction may be more 
readily effected by comparing the observed volume of gas or vapour with tho 
expansion of a normal gas-volume (100) measured at 760 mm. and 0®. For this 

purpose the equation V# = is employed, in which v represents the changed 

normal volmne (100). The gas-volumometer recommended by Kreusler (Ber. 17, 
30) and Winkler (Ber. 18, 2534), or the Lunge nitrometer (Ber. 18, 2030 : 23, 440 : 
24, 1656, 3491 : J, A, Muller, Ber. 26, R, 388) will answer very well for this 
purpose. Or the nitrogen may be collected in a gas-baroscope, and its weight 
f^lculated from the pressure of a known constant volume of nitrogen (Ber. 27, 
2263). 

Frankland and Armstrong conduct the combustion in a vacuum, and dispense 
with the layer of metallic copper in the anterior portion of the tube. If any nitric 
oxide is formed it is collected together with the nitrogen, and is subsequently 
removed by absorption (Bar. 22, 3065). 

Consult Hempel (2. anal. Chem. 17, 409) ; B. Pfluger {ibid,, 18, 296) ; Jan- 
^ch and F. Meyer (Ann. 233, 375) ; and Dennstedt and Hassler (Ber. 41 , 2778) 
for methods by which carbon, hydrogen, and nitrogen are determined simul- 
taneously. 

See Qehrenbeck (Ber. 22, 1694) when nitrogen and hydrogen are to be estimated 
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simultaneously, in cases where the carbon was determined in the wet way, as 
by Messingcr^s method. 

For tho simultaneous determination of carbon and nitrogen, see Klingemann 
(Ann. 275, 92) ; Franidand, J.C.S. 99, 1783. 

2, Will and Varrentrap^s Method. — ^TOien most nitrogenous organic com- 
pounds (nitro-deriv^atives excepted) are ignited with alkalis, all the nitrogen 
is eliminated in the form of ammonia gas. The weighed, finely pulverized sub- 
stance is mixed with about 10 parts soda-lime, and placed in a combustion tube 
about 30 cm. in length, which is then filled with soda-lime. At the open end of 
tho tube there is connected a bulb apparatus, containing dilute hydrochloric acid. 
l''ho anterior portion of tho tubc5 in the furnace is first heated, then that containing 
tho mixture. In order to carry all the ammonia into the bulb, air is passed 
through tho tube, after the f used-up end has been broken. The ammonium 
chloride in the hydrochloric acid is precipitated with platinic chloride, as am- 
monium-platinum chloride (PtCl.j, 2 NH 4 Cl) ; the precipitate is then ignited, and 
the residual Pt weighed ; 1 atom of Pt corresponds to 2 molecules of NHg or 
2 atoms of nitrogen. 

Or. ha\’ing employed a definite volume of acid in the apparatus, the excess 
after the ammonia absorption may be determined volumetrically, using fluorescein 
or methyl orange as an indicator. 

Generally, too little nitrogen is obtained by this method, because a portion 
of the ammonia undergoes decomposition. This is avoided by adding sugar to the 
mixture of substance and soda-lime, and by avoiding heating the tube too strongly 
{Z. anal. Choin. 19, 91). Further, the tube must be filled with soda-lime as 
completely as possible (Z. anal. Chem. 21, 278). 

The method of Will and Varrontrap is made more widely applicable by the 
addition of reducing substances to the soda-lime. Goldberg (Ber. 16, 2549) recom- 
mends a mixture of soda-lime (100 parts), stannous sulphide (100 parts), and 
sulphur (20 parts) ; this he considers especially advantageous in estimating the 
nitrogen of nitro- and azo-compounds. For nitrates, Arnold (Ber. 18, 806) 
employs a mixture of soda-lime (2 parts), sodium thiosulphate (1 part), and 
sodium formate (1 part). 

3. KjeldahPs Method. — The substance is dissolved by heating it with con- 
centrated sulphuric acid. This decomposes the organic matter and converts the 
nitrogen into ammonia. After the liquid has been diluted with water and cooled 
and a small quantity of potassium permanganate has been added, the ammonia 
is expelled from it by boiling with sodium hydroxide (Z. anal. Chem. 22, 366). 
This method is well adapted for the determination of the nitrogen of plants and 
ainmal substances (compare urea). When the nitrogen in nitro- and cyanogen 
compounds is to bo estimated, sugar must be added ; and in the case of nitrates, 
benzoic acid. The addition of mercury or copper sulphate is highly advantageous 
(Ber. 18, B. 199, 297 : 29, B. 146). Pyridine and quinoline cannot be analysed 
by this method (Ber. 19, B. 367, 368). 

The Kjoldahl method for the determination of nitrogen has rapidly come into 
favour on account of the simplicity of tho operation and of the apparatus, and of 
the possibility to carry out a number of determinations simultaneously. A large 
number of modifications of the method have been proposed to render it generally 
applicable (Bor. 27, 1633: 28, R. 937: C. 1898, II. 312). 

Nitrogen as NO or -NOg. — The nitrogen of nitro- and nitroso-compounds 
can bo determined indirectly with a standardized solution of stannous chloride. 
The latter converts the groups ISfOg and NO into the amide group, and is itself 
converted into an equivalent quantity of stannic chloride. This can be deter- 
mined by titrating the excess of stannous salt with an iodine solution {lAmpricht, 
Ber. 11, 40). 

The estimation of nitrogen in nitro groups can also be readily carried out 
by titration in acid solution with titanous sulphate {Galkin and Henderaoth 
J. Soc. Chem. Ind. 1922, 41, 167-161 T), a modification of Khecht’s titanous 
chloride method. 

Estimation of nitrogen in amides, cyanides and proteins by titration with 
alkaline hypochlorite solution, see Ber. 37, 4290. 
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DETERMINATION OF THE HALOGENS, SULPHUR, AND 
PHOSPHORUS 

Qualitative Tests : Halogens . — Substances containing chlorine, 
bromine and iodine burn with a flame having a green-tinged border. 
The following reaction is exceedingly delicate. A little cupric oxide 
is first ignited on a platinum wire, then some of the substance to be 
examined is placed upon it, and the whole is heated in the non- 
luminous gas flame, which is coloured an intense greenish-blue if a 
halogen is present. A more definite test is to ignite the substance 
in a test tube with quick-lime (free from halogens), dissolve the 
mass in nitric acid, and then to add silver nitrate to the filtered 
solution. 

Sul‘phur.—ll\\ei presence of sulphur can frequently be detected by 
fusing the substance with potassium hydroxide ; potassium sulphide 
results, which produces a black stain of silver sulphide on a clean 
piece of silver ; or by heating the substance with metallic sodium and 
testing the aqueous filtrate for sodium sulphide with sodium nitro- 
prusside : if sulphur is present, a purple- violet coloration is produced. 
When testing for sulphur and 'phosphorus^ the substance is oxidized 
with a mixture of potassium nitrate and potassium carbonate ; the 
resulting sulphuric and phosphoric acids are sought for by the usual 
methods. 

Quantitative Analysis ; A hard glass tube, closed at one end, and about 
33 cm. in length, containing a mixture of the substance with chlorino-froe lime, is 
heated. After cooling, its contents are dissolved in dilute nitric acid, the solution 
is filtered and silver nitrate is added to precipitate the halogen. 

The decomposition is easier if instead of lime a mixture of lime with | part 
sodium carbonate, or 1 part sodium carbonate with 2 parts potassium nitrate is 
employed ; and in the case of substances volatilizing with difficulty, a platinum, 
porcelain or steel crucible, heated over a gas lamp, can be used {Volhard^ Ann. 
190, 40; Scheff, Ann. 195, 293). With compounds containing iodine, iodic 
acid may form, which, after solution of the mass, may be reduced by sulphurous 
acid. The volumetric method of Volhurd (Ann. 190, 1) for estimating halogens, 
employing ammonium thiocyanate as indicator, is strongly to be recommended 
in place of the customary gravimetric method. 

The same decomposition can also be effected by ignition with iron, ferric oxide, 
and sodium carbonate {E. Kopp, Ber. 10, 290). 

The substances containing the halogens may also be burned in oxygen. The 
gases are conducted over platinized quartz sand, and the products collected in 
suitable solutions {Zulkoimky, Ber. 18, R. 648). 

The substances may be burned in a current of oxygen, and the prodinds con- 
ducted through a layer of pure granular lime (or soda-lime) raised to a red heat.. 
Later, the lime is dissolved in dilute nitric acid, and the halogens, tho sulplauric; 
acid and the phosphoric acid may then be estimated. Araeixic may be determined 
similarly {Briigelrminn, Z. anal. Chem. 15, 1 : 16, 1). Sauer recommends collecting 
the sulphur dioxide, formed in the combustion of the substance, in hydrochjoric 
acid containing bromine, in an alkaline bromine solution, or a sodium peroxiclo 
solution (Z. anal. Chem. 12, 178 : Chem. Ztg. 34, 417 : Z. angew. Chem. 26, 503). 
See also the simultaneous estimation of halogens and sulphur in the presence 
of carbon and hydrogen, by Dennstedt’s method (p. 4). 

To determine sulphur and the halogem by the method suggested by Klason 
(Ber. 19, 1910), the substance is oxidteed in a current of oxygen charged with 
nitrous vapours, and the products of combustion are conducted over rolls of 
platinum foil. Consult Polcck (Z. anal. Them. 22, 171) for the estimation of the 
sulphur contained in coal gas. 

A method of frequent use for tho determination of the halogens, sulphur, and 
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phosphorus in organic bodies is that of Gariys (Z, anal. Chem. 1 , 240 : 4, 451 : 
10 , 103): Linnemann {ibid, 11 , 325); Obermeyer (Ber. 20 , 2928). 

The substance, weighed out in a small glass tube, is heated together with 
concentrated nitric acid and silver nitrate to 150-300® C. in a sealed tube, and 
the quantity of tho resulting silver haloid (Ber. 28, R. 478, 864), sulphuric acid, 
and phosphoric acid determined. The furnace of Babo (Ber. 13 , 1219) is especially 
adapted for heating tho tubes. The results by this method are not always 
reliable (Ann. 223, 184). 

Th(^ following method is more generally applicable for the estimation of 
sulphur and tho halogens ; tho substance is carefully heated in a nickel crucible 
with a inixturo of sodium and potassium carbonates and sodium peroxide. After 
having btu'n molted, tho product of reaction is dissolved in water and acidified 
with hydrochloric acid containing bromine ; the sulphur is then precipitated as 
barium sulphate (of. Ber, 28, 427 : Chem. Ztg. 19, 2040 : C. 1904, II. 1622, etc.) 

The method is usable with slight modification for the estimation of halogen 
[Pringsheimy Ber. 41 , 4267: Literature, see Chem. Ztg. 35, 906). 

In many instances, the halogens may be separated by the action of sodium 
amalgam on the aqueous solution of the substance, or by that of sodium on the 
alcoholic solution. Tho quantity of tho resulting salt is determined in the filtered 
liquid {KckuUy Ann, Suppl. 1, 340 ; comp. C. 1905, I. 1273 : Ber. 39, 4056). 

Sulphur and phosphorus can often be estimated by the wet method. The 
oxidation is effected by means of potassium permanganate and alkali hydroxide, 
or with potassium bichromate and hydrochloric acid (Messingery Ber. 21 , 2914). 

Rstimation of fluorine, soe Gazzetta, 49 , II. 371. 

KSTTMATION OF CERTAIN IMPORTANT ORGANIC GROUPS 

Estimation of Methoxyl and Ethoxyl Groups. — ^This method 
is due to Zeisel (Monatah, 6, 989 : 7, 704). The substance is heated 
with concentrated hydriodio acid (D 1*72), whereby methyl or ethyl 
iodide is formed. This is distilled off and after removal of free iodine 
by red phosphorus, is caught in alcoholic silver nitrate solution. The 
silver iodide formed is estimated by weighing. Apparatus, see 
Monatsh. 26, 1213. Micro-methody Fregh Die quantitative organische 
Mikroanalyse. Improvement, see Z. physiol. Chem. 163, 141. Methyl 
and ethyl groups attached to nitrogen can be estimated by a similar 
method (Ber. 27. 319 : Monatsh. 15, 613 : 16, 599 : 18, 379). Micro- 
method, see Pregly he, cit. 

Estimation of Active Hydrogen. — Substances containing active 
hydrogen ” (OH, SH, NHs, NH groups, etc.) react in an anhydrous 
solvent (dry pyridine) with magnesium methyl iodide to yield methane 
quantitatively. This is estimated volumetrically {Zerewitinaff, Ber, 
40^ 2023 : 41, 2223). Micro-rmthody Fhschentrdgery Z, physiol. Chem. 
146, 21-9 : Marriany Biochem. J. 24, 746. 

Estimation of Acetyl Groups. — Monatsh. 18, 869 : Ber. 38, 
3956 : Ann. 433, 430, 230. Micro-metJiod, Ann. 440, 34. Estima- 
tion of benzoyl groups, Ann. 294, 215 : Ber. 28, 2965. 

DETERMINATION OF THE MOLECULAR FORMULA 

The results of elementary analysis are expressed as the percentage 
composition of the substance thus examined ; then follows the deter- 
mination of the moUetdar formula. 

We arrive. at tlie simplest ratio in the number of elementary atoms 
contained in a compound, by dividing the percentage numbers by the 
reB])ective atomic weights of the elements. 
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Thus, the analysis of lactic acid gave the following percentage composition ; 

Carbon 40-0 per cent. 

Hydrogen ... 6*6 „ 

Oxygen (by difference) 534 „ 

lOO-O 


Dividing these numbers by the corresponding atonii<‘ weights (C 
O = 16), the following quotients are obtained: 


40-0 


== .3-3 


^(> 

1 


— - (}•() 


16 


12, H - 1, 


Therefore, the ratio of the number of atoms of C, H, and 0, in lactic acid, is as 
3*3 : 6-6 :.3.3, or 1 : 2 : 1. The simplest atomic formula, then, would be CH 2 O ; 
however, it remains undetermined what multiple, if any, of this formula expresses 
the true composition. The lowest formula of a compound, by which is expressed 
the ratio of the atoms of other elements to those of the carbon atoms, is an 
empirical formula. We are actually acquainted with different substances having 
the empirical formula CHgO, for example, formaldehyde, CH^O ; acetic acid, 
C 2 H 4 O 2 ; lactic acid, CgHgOg ; dextrose, CgHjoDc etc. 


With compounds of complicated structure, various empirical 
formulae may be calculated from the percentage composition, on 
account of the possible errors of observation. 

The true molecular formula, therefore, can only be ascertained 
by some other means. Three courses of procedure are open to us. 
First, the study of the chemical reactions, and the derivatives of the 
substance under consideration ; second, the determination of the 
vapour density of volatile substances ; and third, the examination 
of certain properties of the solutions of soluble substances. 


(1) Determination of the Molecular Weight by the Chemical Method 

This is applicable to all substances, but does not invariably lead 
to definite conclusions. It consists in preparing derivatives, analysing 
them and comparing their formulae with the supposed formula of the 
original compound. The problem becomes simpler when the sub- 
stance is either a base or an acid. Then it is only necessary to prepare 
a salt, determine the quantity of metal combined with the acid, or of 
the mineral acid in union with the base, and from this to calculate 
the equivalent formula. A few examples wiU serve to illustrate this. 

The silver salt of lactic acid may be prepared (the silver salts are easily obtained 
pure, and generally crystallize without water) and the quantity of silver in it 
determined ; 54*8 per cent, of silver will be found. As the atomic weight of 
silver ~ 107.7, the amount of the other constituent combined with one atom of 
Ag in silver lactate, may be calculated from the proportion — 

54-8 : (100 - 54-8) : : 107-7 : » 

X = 89-0. 

Granting that lactic acid is monobasic, that in the silver salt one atom of hydrogen 
is replaced by silver, it follows that the molecular weight of the free (lactic) acid 
must = 89 + 1 = 90. Consequently the simplest empiric formula of the acid, 
CHjO = 30, must be tripled. Hence, the molecular formula of the free acid is 
CjHeOa = 90 : 

C 3 -= 36 4().0 

He == 6 6-7 

O 3 =. 48 53-3 


90 


100-0 
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In studying a base, the platinum double salt is usually prepared. The con- 
stitution of these double salts is analogous to that of ammonium platinichloride 
(NH 4 ) 2 ptCl 6 — the ammonia being replaced by the base. The quantity of plati- 
num in the double salt is determined by ignition, and calculating the quantity 
of the constituent combined with one atom of Pt (195*2 parts). From the number 
found, six atoms of chlorine and two atoms of hydrogen are subtracted, and the 
result is then divided by two ; the final figure will be the equivalent or molecular 
weight of the base. 

Or, the substance is subjected to reactions of various kinds, e*g, the substitu- 
tion of its hydrogen by chlorine. The simplest formula of acetic acid, as described 
above, is QKfi. By substitution three acids can be obtained from acetic acid. 
These, upon treatment with nascent hydrogen, revert to the original acetic acid. 
They are— 

O 2 H 8 CIO 2 — Monochloroacetic Acid, 

C 2 H 2 CI 2 O 2 — ^Dichloroacetic Acid, and 
C 2 HCI 8 O 2 — Trichloroacetic Acid. 

Consequently, there must be three replaceable hydrogen atoms in the acid. 
This would lead us to the formula C 2 H 4 O 2 for it, (Comp, also Ladenburg : Die 
Theorie der aromatischen Verbindungen (1876), p. 10.) 

Knowing the molecular value of an analysed compound, it will 
often be necessary to multiply its empirical formula to obtain one 
which will express the number of atoms contained in the molecule. 
This will be the empirical molecular formula. 

(2) Determination of the Molecular Weight from the Vapour 
Density 

This method is limited to those substances which can be volatilized 
without undergoing decomposition. It is based upon the law of 
Avogadro, according to which equal volumes of all gases and vapours 
at like temperature and like pressure contain an equal number of 
molecules. The molecular weights are therefore proportional to the 
densities- The fundamental molecular weight is that of oxygen, 
which for practical reasons is given the value of 32*000. The mole- 
cular weight of hydrogen is, on this basis, 2*02 ? in many cases, the 
density is referred to air as a basis, which is assumed to have the 
molecular weight 29. 

The molecular weight of an unknown gas is calculated from its 
density 

(a) relative to hydrogen, by multiplying by 2*02 


(6) „ oxygen, „ „ 32*00 

(c) „ air, „ „ 29*00 

Molecular Speciflt* 

Weight. Gravity. 

(0 » 16.) (Air « 1.) 

Hydrogen ...... H 2 = 2*02 0*0693 

Oxygen O., = 32*00 M060 

Water HgO -= 18*02 0*622 

Methane CHj — 16*0 0»653 


Experience has shown that the results arrived at by the chemical 
method and those obtained from the vapour density — are almost 
always identical. If a variation should occur, it is invariably in con- 
sequence of the substance undergoing decomposition, or dissociation, 
in its conversion into vapour. 

Two essentially different methods are employed in determining the 
vapour density. According to one, by weighing a vessel of known 
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capacity filled with vapour, the weight of the latter is ascertained-— 
method of Dumas and of Bunsen ; in accordance with the other, a 
weighed quantity of substance is vaporized and the volume of the 
resulting vapour determined. In the latter case the vapour volume 
may be directly measured — methods of Gay-Lussac and A. W, Hof- 
mann ; or it may be calculated from the equivalent quantity of a 
liquid expelled by the vapour — displmement methods. The first three 
methods, of which a fuller description may be found in more ex- 
tended text-books, are seldom employed at present in laboratories, 
because the method of V. Meyer, which is characterized by simplicity 
in execution, affords sufficiently accurate re- 
I suits for all ordinary purposes. 

I B Method of Victor Meyer. — Detcrynnmtion of 

B vapour density by displacement of air (Ber. 11, 1867, 

ft iTj 2253). A weighed quantity of substance is vaporized 

f I in an enclosed space, and the volume of air which it 

j(/r I displaces is measured. Fig. 5 represents the appara- 

f constructed for this purpose. It consists of a 

narrow glass tube, ending in a cylindrical vessel, A. 
The upper, somewhat enlarged opening, B, is closed 
^ india-rubber stopper. A short capillary side 

tube, <7, conducts the displaced air into the water- 
fig jJI bath, D. The substance is weighed out in a small 

glass tube provided with a stopper, and is vaporized 
^Liig in A (improvements, see J. Ind. Eng. Chem. 4, 684 i 

ny® J.A.C.S. 39, 2350), the escaping air being collected in 

‘ the eudiometer, E. The vapour-bath, used in heating 

I A, consists of a wide glass cylinder, F (Ber. 19, 1862), 

whose lower, somewhat enlarged end, is closed and 
filled with a liquid of known boiling point. The 
4 liquid employed is determined by the substance under 

examination ; its boiling point must be above that of 
/U \ the latter. Some of the liquids in use are water (100®), 

xylene (about 140®), aniline (184®), ethyl benzoate 
(213°), amyl benzoate (261°), and diphenylamine (310®). 

vapour density, S, equals the weight of the 
vapour, r (the same, naturally, as the weight of the 
substance employed), divided by the weight of an 
Q equal volume of air, P'— 

5. 1 c.c. of air at 0°and 760 mm. pressure weighs 0*001293 

gram. The air volume V<, found at the observed tem- 
perature is under the pressure p — a, in which p indicates the barometric pres- 
sure and s the tension of the aqueous vapour at temperature L The weight 
then would be — 

P' = 0001293 . V. . 

‘ 1 + 0-00367t 760 

Consequently the vapour density sought is — * 

P(1 -f 0*00367i)760 
^ 0*001293, Yt{p-,sy 

^^^<^placed air may be collected in the gas-baroscope (compare p. 8). (Ber. 27, 

V. M&yefs method yields results that are sufficiently acctirate in practice, 

* It is simpler to make the reduction to 760 mm. 0® by comparison with a 
normal volume (p, 8). 
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because in deducing the molecular weight from the vapour* density, relatively 
large numbers are considered and the little differences do not come into con- 
sideration. A greater inaccuracy may arise in the method of introducing the 
substances into the apparatus because air is apt to enter the vessel. L. MemP 
(Bar. 13, 991), Piccard (Bor. 13, 1080), Mafdmami (Ber, 18, 1624), and V, Meyer 
and Biltz (Ber. 21, 688) have suggested various devices to avoid this source of 
error. To test the liability to decomposition of the substance at the temperature 
of the ejcperiment, a small portion of it may be heated in a glass bulb drawn out 
to a long point (Bor. 14, 1466). 

Substances boiling above 300® are heated in a metal-bath (Ber. 11, 2256). 
Porcelain vessels are used when the temperature required is so high as to melt 
glass, and the heating is then carried out in a Perrot’s gas oven (Ber. 12, 1112), 
Where air affects the substances in vapour form, the apparatus is filled with 
pure nitrogen (Ber. 18, 2809 : 21, 688). If the substances under investigation 
attack porcelain, tubes of platinum are substituted for the latter, which « are 
enclosed in glazed porcelain tubes, and then heated in furnaces (Ber. 12, 2204 : 
2. physik. Chem. 1, 146 ; Ber. 21, 688). This form of apparatus allows of the 
simultaneous determination of temperature (Ber. 15, 141 : 2. physik. Chem. 
1, 153). 

For modifications in displacement methods of determining the density of gases, 
consult V, Meyer 15, 137, 1161, 2771) ; hanger and F. Meyer, Pyimechnische 

Untersuohungen, 1885 ; Crafts {Ber, 13,851 : 14,356: 16,457). For air-baths 
and regulators see L, Meyer (Ber. 16, 1087 : 17, 478). 

Modifications of the displacement method, adapted for work under reduced 
pressure, have been proposed by La Coste (Ber. 18, 2122), Scholl (Ber. 22, 140, 
with bibliography : Ber. 27, B. 604), JEyckmann (Ber. 22, 2754), V, Meyer and 
Demuth (Ber. 23, 311) ; Richards (Ber. 23, 919, note), Neuberg (Ber. 24, 729, 
2543). 

For further methods see NUson and PeUersson (Ber. 17, 987 ; 19, B. 88 : J. 
pr. Chem. 33, 1) ; BUtz (Ber, 21, 2767). 

(3) Determination of the Molecular Weight of Substances when in 

Solution 

1. By Means of Osmotic Pressure. — ^According to the theory of 
solutions developed by van H Hoff (Z. physik. Chem. 1, 481 : 3, 198 : 
Ber. 27, 6),* chemical substances, when in dilute solution, behave as 
though they were in the form of a gas or vapour ; so that the laws 
of Boyh and Gay-Lussac, and the hypothesis of Avogadro, apply also 
to dilute solutions. We know that the gas particles exert pressure, 
and it is also true that compounds, when dissolved, exert a pres- 
sure, which is directly expressed or sho’wn by osmotic phenomena, and 
hence it is termed osmotic pressure* This pressure is equal to that 
which would be exerted by an equal amount of the substance, if it 
were converted into a gas, and occupied the same volume, at thfe same 
temperature, as the solution. Solutions containing molecular quan- 
tities of different substances exert the same osmotic pressure. It is, 
therefore, possible, as in the case of gas pressure, to deduce directly 
the molecular weight of the substance in solution from its osmotic 
pressure. 

Pfeffer has determined osmotic pressure by means of artificial cells havmg 
semi-permeable walls. If suitably modified, this method promises to be of wide 
applicability {Ladenhurg, Ber. 22, 1225). 

The plasmolytic method of de Vries for the determination of osmotic pressure, 
is based upon the use of living plant-cells, in place of which Hamburger employed 
red blood corpuscles (2. physik. Chem. 2, 416 ; 14, 424), 


^ See Ostwald’s Grundriss der allgemeinen Ohemie, 7. Aufi. 1923; Lotbar 
Meyer-Bimbach Grundzuge der theoretischen Chemie, 4. Aufi* 1907. 
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The molecular weight is most simply calculated by the general formula for 
gases ; pv = RT, in which R represents a constant, and T the absolute tempera* 
ture, calculated from — 273®. ■ If this equation is also to include the hypothesis 
of Avogadro (that the molecular weights of gases or dissolved substances occupy 
the same volume at like temperature and pressure), then molecular quantities 
of the substances must always be taken into consideration. The constant equals 
84700 for gram-molecular weights (2-02 grams hydrogen, or 32*00 grams oxygen) 
at the temperature 0° (or 273®), and the pressure (gas or osmotic pressure) of 
76 cm. of mercury. 

p.v == 84700-T.* 

where v represents the volume corresponding to the gram -molecular weight 
M! 

(v = — , m which a is the weight in grams of 1 c.c. of the gas, or dissolved sub- 
stance, contained in 1 c.c. of the solution). After substitution the formula 
reads: 

j).13-59 X j = 84700 (273 + t). 


with the four variables p, M, a and t. If three of these be given the fourth 
can be calculated. Consequently, the molecular weight M is found from the 
formula — 

^ ^ a.847Q0(273 -f t) 0.618(273 -f- Q 
pl3*59 p 


2. From the Lowering of the Vapour Pressure or the Raising of the 
Boiling Point. — ^The lowering of the vapour pressure of solutions is closely 
connected with osmotic pressure. Solutions at the same temperature have a 
lower vapour pressure (/) than the pure solvent (/), and consequently boil at a 
, higher temperature than the latter. The lowering in pressure (/*—/'') is in pro- 
portion to the quantity of the substance dissolved (Widlner), according to the 


equation 




^ kg, in which k represents the “relative lowering of the vapour 


pressure ” 1 per cent, solutions, and g their percentage content. 

If the lowering be referred not to equal quantities, but to molecular quantities 
of the substances dissolved, it is found that equi-molecular solutions (those con- 
taining molecular quantities of the different substances in equal amounts in 
the same solvent) show equal lowering — ^the molecular vapour pressure lowering 
is constant : ^ r ^ 


M. 


f-r 

I 




Again, on comparing the relative lowering of vapour pressure in different 
solvents, it will be found also that they are equal, if equal amounts of the sub- 
stances are dissolved in molecular quantities of the solvent. In its broadest 
sense the law would read •. The lowering of vapour-pressure is to the vapour* 
pressum of the solvent (/) as the number of molecules of the dissolved body (nl 
is to the total number of molecules (n -j- N) ; ' 


s -y _ n 


Q . • • g G 

Substitmmg — and (gr and G represent the weight quantities of the sub* 

a^ce and the ^lyent ; m and M are their molecular weights), for n and N, the 
molecular weights, can readily be calculated. 


^ *T * ^ — 76 X 13*59 (sp. gr. of mercury) ; v « 22460 ;=» 32*0 

0*001430 (wt* of 1 c.c. of oxygen). R ^ 224Q0 


273 
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F. M, BaouU (1887) discovered these relationships and put them forward as 
being empirical. Soon after van H Boff (Z. physik. Chem. 3,116) deduced them 
theoretically from tho osmotic pressure. They are only of value for substances 
non-volatile as compared with the solvent, or for such as volatilize with difficulty, 
and show the same abnormalities as are observed with osmotic pressure and 
depression in tho freezing point. 

The niothods for the determination of vapour pressure are yet too little known 
and primitive in their nature to be applied in the practical determination of 
molecular weights (Her. 22, 1084 : Z. physik. Chem. 4, 638). Far more simple 
and exact is the determination of the rise in the boiling point, which corresponds 
with this {Beckmann^ Z. physik. Chem. 4, 639 : 6, 437 : 8, 223 : 15, 656 ; Ber. 
27* B. 727 ; 28, E. 432), 

Method of Beckmann. — A tube, A (Fig. 6), is employed as the boiling 
vessel, and is jjrovided with two side tubes and The substance under 
examination is introduced through ; a condenser, JJsT, is attached to and a 
calcium chloride tube may be inserted at M. Garnets or fragments of platinum 



are introduced into the main tube, followed by the solvent, and finally the 
opening is closed by a differential thermometer {Bechmann^ Z, physik. Chem. 
51, 329), of which the bulb must be completely covered by the liquid. The 
boiling tube is surrounded with an air-bath consisting of a mica cylinder, 
and two glass-wool plugs, hj and /i*. When dealing with liquids of high boiling 
point the air-bath may bp replaced by a vapour-bath made of glass or porcelain, 
which is charged with the same liquid as that which is employed as the solvent ; 
otherwise the boiling tube may be heated directly on an asbestos netting over 
a micro-burner. The boiling point of the pure solvent is first read, and then 
again after a known quantity of the solute has been introduced down the tube 
A rise of temperature is observed, and should be taken after each of several 
successive additions of weighed quantities of the solute. 

A modification of the apparatus has been devised by Beckmann (Z. physik. 
Chem. 44, 161) based on that of Sakurai and iMndaberger (Ber. 31, 468 : 36, 
1565). In this form, the temperature of the solution is raised by passing into it 
the vapour of the solvent, whereby continuous readings can be taken of the 
boiling point of the solution of a constant weight of solute in an increasing quaritity 
of solvent. 8, Arrhenius has deduced a formula for the molecular rise in boiling 
point, which is |>erfectly analogous to that of van *t Hoff for the molecular d^res- 

sion of the freezing point. The molecular rise is expressed by d = 0-02.~, in 

which T represents the absolute boiling point, and the heat of evaporation of 
the solvent. Upon dissolving 1 gram-molecule of a substance, ».e. if the molect^ 
weight of the body is an, then m grams of it in 100 grams of solvent, the boiling 
VOL. 1. 0 



18 ORGANIC CHEMISTRY 

point will be raised ; upon dissolving p grams of the substance in 100 gr. of 
solvent the rise will be whence dj = d,- ; from which 

d 

where 

p =5 the weight (in grams) of the substance, dissolved in 100 grams of the 
solvent^ 

d =s molecular rise in boiling point 0*02.—^, 
dj = observed rise in boiling point. 

The molecular rise of the boiling point in the case of ether is 21*1®, of chloro- 
form 36‘6®, and of acetic acid 25*3°. Further values, see LandolUBormtein^ 
Physikalisch-chemische Tabellen (5. Aufl. 1923). ^ 

Micro -apparatus for molecular weight determination, see Pregl, Die quantita- 
tive organische Mikroanalyse, 1923. , 

Rieche (Ber. 59, 2181 : modificatima, Chem. Ztg. 1927 , 568) has devised a 
useful micro -apparatus, whereby with the use of 3-4 grams of solvent, a molecular 
weight can be determined using 15*-26 mgm. of substance. 

3. From the Depression of the Freezing Point. — The mole- 
cular weights of dissolved substances are accurately and readily 
deduced from the depression of the freezing points of their solutions. 
Blagden in 1788, and Rudorff in 1861, found that the depression of 
the freezing points of crystaUizable solvents, or substances (as water, 
benzene, and glacial acetic acid), is proportional to the quantity of 
substance dissolved by them. The later researches of Coppet (1871), 
and especially those of BotouU (1882), have established the fact that 
when molecular quantities of different substances are dissolved in the 
same amount of a solvent, they show the same depression in their 
freezing points (Law of EaouU). If t represents the depression pro- 
duced by p grams of a substance dissolved in 100 grams of the solvent, 

the coefficient of depression - will be the depression for 1 gram of 

substance in 100 grams of the solution.* The molecular depression is 
the product obtained by multiplying the depression coefficient by the 
molecular weight of the dissolved substances. This is a constant for 
all substances having the same solvent ; 

M.- = C. 

P 

RaotiU*3 experiments show the constant to have the following mean values : 
for benzene, 49 ; for glacial acetic acid, 39 ; for water, 19. When the constant 
is known, the molecular weight is calculated as follows : 

M = C^. 
t 

A eomparison of the constants found for different solvents will disclose the 
fact that they bear the same ratio to each other as the molecular weights — ^that 
coi^quently the quotient obtained from the molecular depressions and molecular 
weights is a constant value of about 0*62. It means, expressed differently, that 
the molecule of any one substance dissolved in 100 molecules of a liquid lowers 
the point of solicUhcation very nearly 0*62°. 

These empirical laws, discovered by Coppet and Raoult, have been theoretically 
d^^uced by Quldherg (1870) and van ’f Hoff (1886) from the diminution of vapour 

♦ AfThmius (Z. physik. Chem. 2, 493) expresses the content of solutions by 
the weight in grains of the substances contained in 100 c.c. of the solution. 
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pressure and of osmotic pressure. The constant (J is obtained for the various 

T2 

solvents, from the formula 0*02—, where T indicates the absolute temperature 

of solidification of the solvent, and w is its latent heat of fusion. In this way 
van H Hoff calculated the constants for benzene (53), acetic acid (38-8), water 
(18*9) and camphor (400). 

The laws just described can only be employed in their simple form in the 
case of indifferent or but slightly chemically active substances. 

All electrolytes, i.e. salts, strong acids, and bases, behave unexpectedly in 
that the depressions of freezing point, the change in osmotic pressure, and the 
lowering of vapour pressure as found experimentally are all greater than their 
calculated values ; the electrolytic dissociation theory of ArrJienius (Z. physik. 
Chem. 1 , 577, 631 : 2, 491 : Ber. 27, R. 542) accounts for this by the assumption 



that the electrolytes have separated into their free ions. However, even 
non-electrolytes frequently exhibit abnormalities, generally the opposite of the 
above. This seems to be due to the fact that the substances held in solution 
had not completely broken up into their individual molecules. The most accurate 
results are obtained by operating with very dilute solutions, and by employing 
glacial acetic acid or phenol as solvent. This dissociates solids most readily. 

Various forms of apparatus suitable for the above purpose, and methods of 
working have been proposed by Auwers (Ber. 21, 711), Holletnan (Ber. 21, 800), 
Hentachel (Z. physik. Chem. 2, 307), Beckmann (Z. physik. Chem. 2, 038), Eyk- 
mann (Z. physik. Chem. 2, 904), Klohuhoto (Z. physik, Chem. 4, 10), and Baumann 
and Fro7n?n (Ber, 24, 1431). 

Method of Beckmann. — A thick-walled tost tube, 2-3 cm. in diameter, 
to which a side tube has been fused (Fig, 7), is partially filled with 10-15 gm. 
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solvent, weighed accurately. A platinum stirrer is inserted, which terminates 
at its upper end in a platinized or enamelled iron ring. The freezing tube is 
then closed with a stopper carrying a Beckmann thermometer (p. 19). Above 
the iron ring of the stirrer is fixed a small electromagnet, which is energizetl 
by the accumulators A at periods determined by the metronome M. The stirrer 
is thus kept continuously in motion, ■whilst the injurious eifoct of the atmospheric 
moisture is avoided. The lower part of the freezing tube is fixed by means of 
a cork inside a wider tube in order to prevent a too rapid fall of temperature 
when the apparatus is plunged into a beaker containing a freezing mixture. 
When the solvent chosen is acetic acid (solidifying about 16®) cold water may be 
employed ; for benzene (solidifying about 5°), ice-water is suitable. The freezing 
point of the solvent is then determined, by cooling it to 1-2° below its solidify- 
ing point and then starting crystallization by stirring, or by the introduction 
of scraps of platinum foil or by “ inoculation ’’ with a crystal of the substance 
forming the solute. The thermometer then suddenly rises a little, and the 
freezing point is taken to be that at which the mercury remains constant for 
a little while. After allowing the mass to thaw, a carefully weighed quantity 
of the solid to be examined is introduced down the side tube, and allowed to 
dissolve. The freezing point of the solution is then determined 
in a similar manner to that just described (Ber. 28, K. 412 : C. 
1910, I. 241 ; II. 361 : Z. physik. Chem. 40, 192 ; 44, 169). 

Eykmann’s Method (Ann. 273, 98) requires phenol as the 
solvent (melting about 3H®), whereby considerable simplification is 
possible. Its molecular depression is greater than that of ben- 
zene, and has been calculated thf'oretically as being 76 (p. 17). 
Fig. 8 represents the form of apparatus, which consists of a flask 
■with two tubulures, in one of which a thermometer is fixed, and 
over the other is placed a gi*ound-glass cap. 

The investigations of Paterno and others show, contrary to earlier 
observations, that when benzene is employed as the solvent the 
carbon derivatives mostly yield normal results ; the exceptions 
being the alcohols, phenols, acids, oximes, and pyrrole (Ber. 22, 
1430 and Z. physik. Ohom. 5, 94 : Ber. 27, R. 845 ; 28, R. 974). 

Naphthalene, molecular-depression about 70, is also used as a 
solvent in this method (Ber. 22, 2501 : 23, R. 1 : 24, 1431). 

East (Ber. 55, 1051, 3727) has devised a simple, well-tested 
micro-method for molecular weight determinations. He uses cam- 
phor as a solvent, which has the high molecular depression of 
C == 400 (for 100-gin. solvent). On account of the high solu- 
bility of many organic compounds in camphor it is possible to 
carry out the determination in a melting-point flask with an ordinary ther- 
mometer graduated in degrees. A few milligrammes of substance suflice for a 
determination. 

Consult Ber. 2$, 804 for a method of determining molecular weights from 
the decrease in solubility. 

For the determination of molecular weight from ^nohcular solution Aiolumet 
see Ber. 29, 1023. 



Fig. 8. 


THE CHEMICAL CONSTITUTION OF THE CARBON 
COMPOUNDS 

Early Theories. — The opinion that the cause of chemical aflinity resided in 
electrical forces was first expressed in the commencement of the last century, 
when the remarkable decompositions of chemical bodies, through the agency of 
the electric current were discovered. It was assumed that the elementary atoms 
posseted diflerent electrical polarities, and that the elements were arranged in 
a series according to their electrical behaviour. Chemical union depended on 
the equalization of different electricities. The dualistic idea of the constitution 
of compounds was a necessary consequence of this hypothesis. According to it, 
every chemical compound was composed of two groups, electrically different, 
and these were further made up of two different groups or elements. Thus, 
salts were viewed as combinations of electro-positive bases (metallic oxides), with 
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electro-negative acids (acid anhydrides), and these, in turn, were held to be 
binary compounds of oxygen with metals and non-metals. With this as basis 
there was constructed the electrO'Chemicalt dualistic theory oj Berzelius, which 
almost exclusively dominated chemical science in Germany until the beginning 
of 1860. 

The principles predominating in inorganic chemistry were also applied to 
organic substances. It was thought that in the latter complex groups (radicals) 
played the same r6le as that of the elements in inorganic chemistry. Organic 
chemistry was defined as the chemistry of the compound radicals {Liebig, 1832), 
and led to the chemical-radical theory, which flourished in Germany simultaneously 
with the electro -cheynical theory. According to this view, the object of organic 
chemistry was the investigation and isolation of radicals, in the sense of the 
dualistic idea, as the more intimate components of the organic compounds, and 
by this means they sought to explain the constitution of the latter. (Liebig 
and Wohler, Ueber das Radical der Ben2so0saure, Ann. 3, 249 ; Bunsen, Ueber 
die Kakodylverbindungen, Ann. 31, 175 : 37, 1 : 42, 14 : 46, 1.) 

In the raeantime,-about 1830, France contributed facts not in harmony with 
the electro-chemical, dualistic theory. It had been found that the hydrogen in 
organic compounds could be replaced (substituted) by chlorine and bromine, 
without any important change in the character of the compounds. To the electro- 
negative halogens was ascribed a chemical function similar to electro-positive 
hydrogen. This showed the electro-chemical h 3 rpothesis to be erroneous. The 
dualistic idea was superseded by a unitary theory. Laying aside all the primitive 
speculations on the nature of chemical affinity, the chemical compounds began 
to be looked upon as being constituted in accordance with definite fundamental 
forms — types — ^in which the individual elements could be replaced by others 
(early type theory of Dumas, nucleus theory of Laurent), Dumas, however, 
distinguished between chemicdl types and mechanical types. He considered 
substances to have the same chemical type, to be of the same species, when they 
possessed the same fundamental properties, e,g, acetic and chloracetic acids. 
Like Regnault, he considered that they were of the same mechanical type, belonged 
to the same natural family, when they were related in structure but showed 
a different chemical character, e.g, alcohol and acetic acid. At the same time, 
the dualistic view on the pre-existence of radicals was refuted. 

The correct establishment of the ideas of equivalent, atom, and molecule (Laurent 
and Gerkardt) was an important consequence of the t 3 rpical unitary idea of 
chemical compounds. By means of it a correct foundation was laid for further 
generalization. The molecule having been accepted as a chemical unit, the 
study of the grouping of atoms in the molecule became possible, and chemical 
constitution could again be more closely examined. The investigation of the 
reactions of double decomposition, whereby single atomic groups (radicals or 
residues) were preserved and could be exchanged (Gerhardt) ; the important 
discoveries of the amines or substituted ammonias by Wiirtz (1849) and Hofmann 
(1849) ; the epoch-making researches of Williamson and Chancel (1850), upon 
the composition of ethers ; and the discovery of acid-forming oxides by Gerhardt 
(1851), — led to a type ” explanation of the individual classes of compounds. 
Williamson referred the alcohols and ethers to the water type. A, W, Hofmann 
deduced the substituted ammonias from ammonia. The ** type idea found 
its culmination in the type theory of Gerhardt (1853), which was nothing more than 
an amalgamation of the early type or substitution theory of Dumas and Laurent 
with the radical theory of Berzelius and Liebig. The molecule was its basis, in 
which a further grouping of atoms was assumed. The conception of radicals 
became diflerent ; they were no longer regarded as atomic groups that could 
be isolated and compared with elements, but as molecular residues which remained 
unaltered in certain reactions. 

Comparing the carbon compounds with tne simplest inorganic derivatives, 
Gerhardt referred them to the following principal fundamental forms or types ; 


H) Cl) 

H) H) 

Hydrogen. Hydrogen 

chloride. 



Water. 


Ammonia. 


From these they could be obtained by substituting the compound radicals 
for hydrogen atoms. All compounds that could be viewed as consisting of two 
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directly combined groups were referred to the hydrogen and hydrogen chloride 
e.gr. : 


CaHs) 

Hf 

Ethyl 

hydride. 


C2H5] 

Clf 

Ethyl 


CN] 

H[ 

Cyanogen 

hydride. 


C0H3O) 


af 

Acetyl 

chloride. 


C2H5) 

CNf 
Ethyl 

chloride. hydride. cyanide. 

It was customary to refer all those bodies derivable from water by the replace- 
ment of hydrogen, to the water type : 

C2H3OI 


C3H, 

H 

Alcohol. 




Hf 

Acetic acid. 




CAlo 

CaHsI^ 

Ethyl ether. 


CAOIq 
CsHjOJ^ 
Acetic anhydride. 


Associated types were included with the principal types. Thus, with the 
fundamental type ^ j- were arranged, as subordinates, the types ^ j- j- ; with 

the water type that of ©l^c. 

All derivatives of ammonia -were referred to the ammonia type : 


'N 


CH3 VN 


hvn 

hJ 

Acetamide. 


CO 

H 


[n 


H 

HJ CHJ 

Methylamine. Trimethylamine. Acetamide. Cyanic acid. 

The types of Gerhard t were chemical types, as he himself expresses it : “ Mes 
types sont des types de double decomposition.’* It is thus imderstood that he 

included the type ^ with that of ^ k 

These types no longer possessed their early restricted meaning. Sometimes 
a compotxnd was referred to different types, according to the transpositions 
the formula was intended to express. Thus aldehyde was referred to the hydrogen 
or water type ; cyanic acid to the water or ammonia type : 


C3H3O 1 

HJ 


and 


C3H, 

H 


}o. 


CN 

H 


O 


and 




The development of the idea of polyatomic radicals, the knowledge that the 
hydrogen of carbon radicals could be replaced by the groups OH and NH2, etc., . 
contributed to the further establishment of multiple and mixed types {Williamson^ 
Odling, KekuU ) ; 


Compound Types : 


e-g. 


CIH] 

ClHj 

Halo 

H,r* 

Ha 

Ha 

Ha. 

Cll 

Hlo 

Hg 

JeH/' 

CaHa"{„ 

CO" 

Cl[ 

H 0 

Hg 


■N, 


Ethylene chloride. 

Mixed Types : 

Cl t 
(H ) 
t H2 i Og 
Hgf 

Ql{ 

CaHn 

Chlorhydrin. 


Ethylene 

glycol. 


jH 

}N 

Carbamide. 


H-j 
H)-N 

IH 
H 


H,1 

C.O,"i 


N 


h|o 


Ha 

C.H.O" 


fO 


Oxamic acid. 


h|o 


Amidoacetic add. 


The presentation of these multiple and mixed types depended on the poly- 
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atomic radicals of two or more “ type-molecules,” if one may so name them, 
becoming united into one whole — a molecule. Upon comparing these typical 
with the structural formulae employed at present, we observe that the first con- 
stitute the transitional state from the empirical, unitary formulae to those of 
the present day. The latter aim to express the kind of grouping of the atoms 
in the molecule. 

The next step was the expansion of the Gerhardt type to the — 

Marsh-gas type jj ^ by Kekule, 1856 (Ann. 101, 204). 

HI 

A year later Kekule (1857) in a communication, “ Ueber die sog. gepaarten 
Verbindungen und die Theorie der mehratomigen Radicale ” (Ann. 104, 129), 
indicated the idea of types by the assumption of a peculiar function of the atoms 
— ^their atomicity or basicity (valence). This he supposed to be the cause of 
the types of Gerhardt. 

As early as 1852 Frankland had enunciated similar views in regard to the 
elements of the nitrogen group (Ann. 85, 329 : 101 , 257 : Franidandj Experi- 
mental Researches in Pure, Applied, and Physical Chemistry, London, 1871, 
p, 147). Kolbe concurred with these ideas (compare his derivation of the organic 
compounds from the radical carbonyl Cg and carbon dioxide C 2 C 4 — Kolhe^s Lehr- 
buch der organischen Chemie, 1858, Bd. I. p. 567). The reason that they did not 
exert greater influence upon the development of theoretical chemistry is mainly 
due to the fact that the notions of the relations of equivalent weight and atomic 
weight were not clearly defined by either of these two investigators. 

In his assumptions Kekuld rather teturned to Dumas’ mechanical types than 
to the double decomposition types of Gerhardt. The distinction between the 

type jj j- and ^ }• as drawn by Gerhardt did not exist for Kekul(§. The latter, in 

1858, said, “ It is necessary in explaining the properties of chemical compounds 
to go back to the elements which compose these compounds.** He continues s 
“ I do not regard it as the chief aim of our time to detect atomic groups which, 
owing to certain properties, may be considered radicals and thus to include the 
compounds under certain types, which in this way have scarcely any other signi- 
ficance than that of type or example formula. I am rather of the opinion that 
the generalization should be extended to the constitution of the radicals them- 
selves, to the determination of the relation of the elements among themselves, 
and thus to deduce from the nature of the elements both the nature of the radicals 
and that of their compounds ” (Ann. 106, 136). 

The recognition of the quadrivalence of the carbon atoms and the power they 
possessed of combining with each other, accounted for the existence and the 
combining value of radicals j also, for their constitution {Kekule , l,c,, and Oouper^ 
Ann. chim. phys. [3] 53, 469), The type theory, consequently, is not, as some- 
times declared, laid aside as erroneous ; it has only found generalization and 
amplification in a broader principle — ^the extension of the valence theory of 
Kekul4 and Couper to the derivatives of carbon. 

Whilst formerly it was the custom to consider in addition to empirical formulae, 
representing merely an atomic composition of the molecule, also rational formulae 
(Berzelius), which in reality were nothing more than reaction formulae adopted 
to explain to a certain degree the chemical behaviour of a compound, Kekul 6 
now spoke of the manner of the union of the atoms in the molecule^ by knowledge 
of which the constitution of the carbon compounds may be determined {con- 
stitutional formulce), Lothar Meyer next introduced the phrase linking of the 
carbon atoms,** The expression structure {structural formulae) originated with 
Butlerow. 

An application of the valency theory, which has been remarkably fruitful, is 
the KehuU benzene theory. Here for the first time there was assumed to be present 
in a carbon compound a closed carbon-chain, a ring consisting of six carbon atoms. 
The rather singular stability of the aromatic bodies is due to the presence of this 
‘‘benzene ring.” K 6 rner applied these views to pyridine and deduced the 
pyridine ring; and in recent years numerous other ring-systems have been 
suggested and substantiated. 
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CHEMICAL STRUCTURE OF CARBON COMPOUNDS 
THEORY OF ATOMIC LINKING, OR THE STRUCTURAL THEORY 
Constitutional or structural formulae are based upon the following 
principles, which have been deduced from experiment and repeatedly 
confirmed : 

1. The carbon atom is quadrivalent. The position of carbon in the 
periodic system gives expression to this fact. One carbon atom can 
combine at the most with four similar or dissimilar univalent atoms 
or atomic groups : 

CH4 CF4 CCI4 

Methane. Carbon tetraflnoride. Carbon tetrachloride. 

CH3CI CH3NH2 CH3C4 CHCI3 

Methyl chloride. Methylamine. Dichloromethane. Chloroform. 

In a few compounds, such as carbon monoxide CO, the isonitriles 
or carbylamines R'— N=C (Ann. 270, 267) ; and fulminic acid 
HO— N=C (Ann. 280, 303) carbon behaves as a bivalent element : 
compounds are known such as the triarylmethyls, ArgC* (see Vol. II), 
in which carbon appears as a trivalent element. 

2. The four units of affinity of carbon are equal, i.e. no differences 
can be discovered in them when they form compounds. If one of the 
four hydrogen atoms in the simplest hydrocarbon, CH4, be replaced 
by a univalent atom or univalent atomic group, each mono-substitu- 
tion product wiH appear in but One modification. The four hydrogen 
atoms are similarly combined, consequently it is immaterial which of 
them is replaced. 

CH3CI CH3OH CH3NH2 

Chloromethane. Methyl alcohol. Methylamine. 

are known in but one modification each. 

The equivalence of the four valencies of carbon does not imply 
that the affinity of the carbon atom is divided into four independent, 
completely equivalent forces. The view of Claus (Ber. 14, 432) seems 
more accurately to represent the facts. He assumed that the affinity 
with which an atom or group is attached to the carbon, is primarily 
determined by the atoms or groups already attached to the carbon 
atom. The affinity available for the attachment of the hydrogen 
atoms in the compounds CHgX, CHgXa and CHX3 is not equal in 
the three substances, but is dependent upon the larger or smaller 
affinities of the atom or radical X (cf. Werner, Ber. 39, 1278 ' 
TscMtschibabin, J. pr. Chem. [2], 86, 381 : also Vol. II under 
hexaphenylethane). 

3. The carbon atoms can unite with each other. When two carbon 
atoms combine the union can occur in three ways : 

(а) The two carbon atoms unite with a single valence each, leaving 
the atomic group, =0—0=, with six free valences. 

(б) The two carbon atoms unite with two valences each, consti- 
tuting an atomic group, =C=C=, with four free valences. 

(c) Two carbon atoms are united by three valences. The residual 
group — C^C— has but two uncombined valences. 

In the first case the union of the two carbon atoms is by a si/nqle 
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bond, in the second case by a double, and in the third case by a trifU bond. 
Carbon atoms can combine with themselves to a greater degree than 
the atoms of any other elements. This gives rise to carbon nuclei, 
and carbon skeletons, which can form either open chains or closed 
chains {rings). The uncombined valences of the carbon nuclei can 
saturate or take up atoms of other elements or other atomic groups. 
This explains the existence of the innumerable carbon compounds. 

This mutual union is indicated, according to the recommendation 
of Couper, by lines. These formulae represent the internal construction 
of the compounds, and are known as structural for^nuloe : 


H 

J 

H OH 
] 1 

H H 

1 1 I 

H— (>-H 

1 

H—C— C—H 

1 I 

I 1 1 

1 

H 

1 I 

H H 

1 1 1 

H H H 

Methane. 

Ethyl alcohol. 

rropylamine. 

H 

1 

H OH 

1 I 

H OH OH 

1 1 1 

1 

C=0 

1 

1 I 

H— C— C=0 

1 

1 1 1 

H— C— C — C=0 

1 1 

1 

H 

1 

H 

1 1 

H H 

Pormaldehyde. 

Acetic acid. 

Lactic acid. 


Such structural formulae have been deduced, by the help of the 
valency theory, from reactions which result in the building up and 
the breaking down of carbon compounds. They express clearly the 
relations between the bonds, which, in the main, determine the be- 
haviour of the substance. Those atoms within the molecule which 
are bound most directly to each other exercise the greatest influence 
on one another. But it must not be supposed that atoms, uncon- 
nected directly by bonds, exert no mutual influence ; such structural 
formulas give no information of their relative distances apart in space. 
In the study of reactions where halogen atoms are substituted for 
hydrogen in the molecule, it is immediately apparent that such re- 
placement takes place with varying facility. This is specially obvious 
in the case of the aromatic substances (see Volume II). Further, 
the carboxyl group reacts with different degrees of acidity varying 
with the individual acid. Reactions, in which the loss of some atoms 
causes a single bond to become a multiple one, or the formation of 
a ring complex, and where intra-molecular atomic migration (see 
p. 46) takes place, obviously depend on the mutual influence of atoms 
unconnected directly by bonds, as shown in the structural formulae, 

Kekul6’s valency theory explains clearly the function of the main bonds in 
our structural formulae, but does not deal with the subsidiary action of the 
various atoms on one another in the molecule. And yet one cannot go so far 
as to say that in each atomic constellation which constitutes a molecule, every 
atom exerts a chemical influence on every other. But so much can be asserted, 
that each atom contained in the molecule of a chemical compound is bound to 
each other atom in that molecule. To illustrate such attractions diagrammati- 
cahy, it would be necessai^r to draw a network of interatomic bonds in every 
atomic formula. The greater or lesser strength of the bond could be indicated 
by a thicker or finer line. If such a diagram were examined at a certain distance, 
only the thick lines — Bonds of the First Order — ^would be seen clearly, ic. practi- 
cally the same in appearance as the structural formula ordinarily represented. 
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In many cases it can be deduced from the behaviour of the substance that 
the Bonds of the Second Order exert an influence of appreciable strength. These 
bonds may be described as Intrarnolecular subsidiary hondsJ^ 

An external sign of the presence of such subsidiary valency bonds is found 
in the absence of such chemical reactions as might be expected to take place 
by analogy with others. Another exists in the relative ease with which a group 
of atoms can bo split off, which indicates the pre-existence in the original molecule 
of such a group held together by these second-order bonds (c/. Anschiittt Ann. 
346, 375). In other cases the failure of a reaction to take place, which might 
have been anticipated on the ground of analogy, is ascribed to steric hindrance, 
which implies that the substituent groups by their position hinder the access of 
the reacting substances (C. A. Bisekojf, Ber. 23, 620 : F. Meyer). 


Extramolecular subsidiary valencies, Compounds of higher 
order,"** Molecular compounds.! — ^Kekule frequently expressed the 
view that, having regard to the constant valency of the elements, 
many compounds had to be described as molecular compounds. In 
his Rectorial address in 1877 he described the complex compounds 
formed by molecular attraction as molecules of higher order. The 
constitution of many organic compounds cannot indeed be satisfac- 
torily represented by the simple use of the four principal carbon 
valencies, and according to A. Werner, these molecular ” compounds 
are to be regarded as held together by subsidiary valencies emanating 
from certain atoms. The theory of organic molecular compounds is 
the logical transference from inorganic chemistry of the views of 
Werner on the constitution of complex compounds. From the Werner- 
Pfeiffer standpoint, the numerous well-characterized addition products 
of acids and salts with alcohols, aldehydes, ketones, etc., are repre- 
sented by the attachment of the organic component to the metallic 
atom by subsidiary links, e.g . : 

SnCh, 2R-OH == 


. 0 < 


Cl^Sn:' 


' 0 < 


AICI 3 , (CoH 5 )aO - 


Similarly : 



/C2H5 


CljAl 





••HOIO 4 


In so far as compounds of metallic salts with oxygen containing 
organic compounds are being dealt with, the subsidiary valency can 
be represented as between the metallic atom and the oxygen atom. 
In many cases, however, the precise origin of a subsidiary valency 
cannot be stated with certainty, and the phenomenon is regarded as 
the mutual saturation of two unsaturated affinity-fields. The addition 

.-'KOI 

products between salts and unsaturated hydrocarbons PtC)!.,'' 

* A. KehuU, Die wissonseiiaftliehen Ziola und Leistuneen der Chemie. 
18 October 1877, p. 23. 

t P* PMffer, Organisehe Molekiilverbindungen, Stuttgart, 1927, Enke : 
Lecture, Z. angew. Chem. 1921, 34, 350. 
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and the addition compounds between pol3niitro compounds and 
hydrocarbons or amines fall into this class, e,g. 

C,H 3 (N 02 ) 3 ,CeH 5 (CH 3 ) and 

The formation of molecular compounds is frequently associated 
with the development of colour, or of deepening of colour (c/. Halo- 
chromy, p. 53). 

Saturated and Unsaturated Compounds . — Saturated carbon 
compounds are those in which only singly bound carbon atoms occur. 
No more valencies are available unless the carbon chain is broken 
up. Unsaturated compounds are those in which doubly or triply 
bound carbon atoms exist. As a single bond is sufficient to link carbon 
atoms together, a pair of carbon atoms with double bond can take 
up two additional valence units, if one of the double bonds becomes 
broken, the other remaining intact to avoid destruction of the chain, 



H 

H— C— H 

j 

H— C— H 

II + 2H - 

1 

H— C— H 

H— C— H 

Ethylene. 

1 

H 


Ethane. 


Two carbon atoms, trebly linked, can take up four valences. The 
dissolution of the triple union may proceed step by step, whereby it 
may first be changed to a double linkage and then to a single bond : 

H 

I 

C— H 2H 2H H—C— H 

III ^ II ^ I 

C— H H— C— H H— C— H 

1 

H 

The unsaturated compounds, by the breaking down of their double 
and triple bonds and the addition of two or four univalent atoms, 
pass into saturated compounds. 

This same behaviour is observed with many other compounds 
containing carbon and oxygen, doubly combined, =0—0 (alde- 
hydes and ketones) or double and triple union of carbon and nitrogen, 
■=C=N — or — C^N (acid nitriles, imides, oximes). They are in the 
same sense unsaturated ; by the breaking down of their double or 
triple union they change to saturated compounds in which the poly- 
valent atoms are linked by a single bond to each other : 


H— C-0 

H 

1 

C=N 

H 

1 

1 

h^c—oh 

1 


H—C— H + 2H 

= 1 

H— C—H + m 

1 

1 

H— C— H 

1 

H— C—H 

H 

1 

H 

1 

Acetaldehyde. 

H 

Ethyl alcohol. 

Acetonitrile. 

H 

Ethylamine. 


The above method of formulation of unsaturated compounds does 
not, without further explanation, demonstrate their most important 
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property, their unsaturation and their ability to form addition 
compounds. 

Thiele has attempted (Ann. 306, 87 : 319, 132) to overcome the 
difficulty of representation of unsaturated compounds by the assump- 
tion that in them the carbon atoms are actually joined by two or 
three valencies, but that the available affinity is not fully used up, 
and that there therefore remains the excess of affinity, the so-called 
partial valency on each carbon atom. These partial valencies are 
responsible for the unsaturated nature of the compounds, and permit 
of addition reactions, the addendum being initially attached by means 
of the partial valency, and then, by rupture of the double bond, the 
ordinary addition product being formed, e.g . : 


HaC Br H^C - Br HgC^-Br 

11 ^ j ^ 1| I I 

HaC Br - -Br HaC—Br 


Substances containing adjacent double bonds, such as butadiene 
CHa : CH-CH : CHg, frequently form addition compounds in an un- 
usual way, the addenda being attached to the two terminal groups 
instead of at one double bond, the product being CHaX-CH : CH'CHaX. 
Such a system of double bonds is referred to as a “ conjugated system'' 
and the mechanism is explained by Thiele as follows. The two par- 
tial valencies on the middle carbon atoms of the system neutralize 
each other, those on the terminal atoms, where addition takes place, 
remaining free : 


CH2«CH~CH=6Ha. 

Examples of addition to a conjugated system are : 

CHg : CH-CH : CHg + 2Br > CHaBr-CH : CH-CHaBr 

(Chief product.) 

COjH-CH : CH-CH : CH COjH + 2H ). COjH-CHj-CH : CH-CH^-COsH 

laconic acid. Biliydromaconic acid. 

{Cf, also Baeyer, Ann. 251, 271 (Dihydroterephthalic acid).) 

.Although many experimental facts cannot at present be brought 
into line with this conception, and the problem of tlie unsaturated 
compounds is by no means entirely solved by Thiele’s theory of 
partial valencies, the idea has been of great assistance in the under- 
standing of the behaviour of aromatic nuclei, especially of the ben- 
zene derivatives (c/. further, Hinrichson, Z. physik. Chem. 31, 304 : 
Ann. 386, 168 : Chem. Ztg. 33, 1097 : Strauss, Ber. 42, 2866 : Borsche, 
Ann. 375, 147 : TscUtschibabin, J. pr. Chem. [2], 86, 381 : Compre- 
hensive references, see Henrich, Theorien der oreanischen Chemie, 
5. Aufl. 1924, Vieweg). 

A further type of unsaturated compound must be referred to in 
which a single carbon atom is regarded as being di- or trivalent (Ann. 
298, 202). Examples are : 


=C=0 =^C=N-C2H5 

Cajfhon Ethyl Pulminic 

monoxide. i^ocyanide. acid. 


(C.H.),-==C- 

rriphenylmethyl. 
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ELECTRONIC THEORY OF VALENCY 

Sec Sidgwick, Electronic Theory of Valency, Oxford, 1927. 

The modern ideas on valency really date from the independent 
publications of Kossel (Ann. der Phys. 49, 229) and G. N. Lewis 
(J.A.C.S. 38, 762) in 1917, 

They are based upon the conception of the atom as composed of 
a nucleus, positively charged, surrounded by a swarm of electrons 
negatively charged. The nucleus is composed of a number of pro- 
tons (units of positive electricity) together with a less number of 
electrons in close association with them. The requisite number of 
electrons to ensure electrical neutrality surround this nucleus. Thus 
carbon possesses a nucleus consisting of twelve protons and six elec- 
trons, and there are six electrons moving in orbits round the nucleus. 
For simplicity, these electrons may be regarded as moving in one or 
more concentric spheres or shells round the nucleus. It is found 
that if a shell contains two or eight electrons (for the simpler elements) 
it is stable or complete, but if an atom contains a different number 
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Fig. 9. — Diagrammatic representatioa of structure of helium, carbon and 
neon atoms (not to scale). 


it attempts to complete its outer shell, either by taking up electrons 
from other atoms or by giving up to other atoms the electrons it 
possesses in excess of the ideal number. These additional electrons 
are known as valency electrons and are comparatively easily removed. 
In the case of carbon already referred to the six external electrons are 
arranged as a " complete ’’ shell of two electrons and four valency 
electrons (see diagram). The inert gases, helium, neon, argon, etc., 
possess no valency electrons : their electrons are all in complete shells 
and the elements are therefore chemically inert. 

The nucleus + the shells of electrons surrounding it is 

known as the core of the atom : the electrons in the core take no 
p^art in chemical reactions. See Fig. 9. 

Kossel and Lewis assumed that the cause of chemical combination 
is the tendency of the electrons to redistribute themselves among the 
atoms combining so as to form the more stable arrangements which 
occur in the inert gases. 

The atoms with which we are particularly concerned in organic 
chemistry are hydrogen, possessing but one electron, and carbon, 
nitrogen and oxygen, possessing respectively four, five and six valency 
electrons, in addition to two in the inner shell (and others in the 
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nucleus). The hydrogen atom attempts to take up a more stable 
configuration either by giving up its electron and becoming a hydrogen 
ion, or by acquiring another and adopting the stable arrangement 
met with in helium. Carbon, nitrogen and oxygen tend to take up 
respectively four, three and two additional electrons, to form the 
stable octet possessed by the inert gas neon. 

For example, hydrogen and chlorine combine to form hydrogen 
chloride, the hydrogen atom parting with its electron, which is then 
taken up by the chlorine atom, abeady possessing seven valency 
electrons, to complete the stable octet arrangement in its outer shell : 
the hydrogen thus acquires a positive charge and the chlorine a nega- 
tive. This is an example of an ordinary ionized linking. 

H- 4- , Cl : > [H]+|^: Cl 

The atoms in the middle groups of the periodic table show less 
tendency to the formation of ionic links, and Lewis in the paper 
referred to made the suggestion that it was possible for an electron 
to be shared between two atoms, so as to contribute towards the 
stability of both. On this view, the electronic constitution of methane 
can be represented as 

H 

h-/c:h 

H 

one of the electrons in each bond being contributed by the hydrogen 
atom and the other by the carbon. 

The above give examples of the two types of valency described 
by# Langmuir as electrovalency and covalency, the eleotrovalency 
where one atom loses an electron to another atom, and the covalency 
where the two atoms mutually share two electrons, each contributing 
one. 

So far this has done no more than replace an ordinary valency 
bond represented by a line by two dots representing two electrons, 
but Lewis put forward the new conception that it was possible for 
two atoms to share two electrons, both having been contributed by 
one atom. Thus compounds such as the sulphoxides or amine oxides 
can be represented as : 


R 

R 

XX 

X X 

X* . « 

X * • • 

r;s^r 

r^s;r 

RiNj + o:- 

-^r:njo: 

X X 

^ X X % 

• X 

• X • • 

+ ~ 

to: 

R 

R 

:o: 



instead of by the ordinary formula with a double bond between 
sulphur or nitrogen and oxygen. 

If the compounds are represented as containing an ordinary double 
bond, the nitrogen or sulphur atoms will be surrounded by a shell 
of ten electrons, which is a much less stable state than that of eight 
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(electrons. Tlie formulai of the compounds on the basis of an ordinary 
covalent double bond are given below. (In these formulae and those 
above, the electrons contributed by the nitrogen or sulphur are indi- 
cated by a ^ , those from other elements by • for clarity, but it must 
be clearly understood that when once the compound is formed, there 
is no distinction between the two electrons : the pairs ^ * are held 
jointly by the two atoms and it cannot be said that ^ belongs to 
one and • to the other atom.) It should be noted that in both methods 
of formulation for the amine oxides or sulphoxides the total number 
of electrons is the same : the distribution alone is different. 


R 

RiNjo : 

• X • • 

R 


X X 


R;S!fR 


. 0 . 


Amine oxide. Sulphoxide. 

(Represented as containing ordinary double bonds.) 


The type of linkage where both electrons are contributed by one 
of the participating atoms is described as a co-ordinate covalency 
(Sidgwick) or a semipolar double-link (Lowry) and is conventionally 
represented by various symbols. Thus trimethylamine oxide may be 
represented as follows : 

(CH3)3N-0 (CH8)3N >0 

(I) (XI) (III) 


The symbol represented by (III) will be used in this book wherever 
it is necessary to refer to a co-ordinate link. 

It may be suggested tliat this conception of a co-ordinate link 
is purely theoretical and has no basis in fact, but its assumption 
affords an explanation for certain phenomena inexplicable on the 
older views, and a consideration of the parachor (p. 77) gives strong 
evidence in support of the hypothesis. 

T? 

A sulphoxide represented by the classical formula S>s = o 

should be incapable of optical activity, whereas the compound 
CHg'SO-CfiH^COOH has actually been resolved by Harrison, Kenyon 
and Phillips (J.C.S. 1926, 2079). If the compound is’ represented as 

containing a semipolar or co-ordinate link >0 and the 

three sulphur valencies be assumed as directed towards three 6f the 
corners of a tetrahedron, thir optical activity is to be expected. 

Similarly, the amine oxides R^R^R^N— >0 are resolvable when 
R^ R2 and R® are different, and this is readily explicable on the 
basis of a tetrahedral arrangement of the groups round the nitrogen 
atom. 

If we compare an ionized compound with one containing only 
covalencies, the following contrasts are observed. The ionized com- 
pound is volatile only with difficulty, and is, in general, soluble only 
in solvents of a high dielectric constant, and its solution is a con- 
ductor of electricity. The covalent compound, on the other hand, is 
more volatile, soluble in liquids of low dielectric constant, such as 
benzene, and its solution is non-conducting. Further, a covalency, 
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where the orbits of the two electrons are in some wa ,7 jointly related 
to the two atoms may have a directional factor, thus accounting for 
the phenomena of stereoisomerism. An ionized link cannot have any 
directional effect and, in fact, the asymmetry of a tetraalkylammonium 
salt, NR^R^R^R'^X, is due entirely to the four alkyl groups attached 
to the nitrogen, and is tetrahedral in arrangement, exactly like an 
asymmetric carbon atom. 

In some ways compounds containing co-ordinate covalencies occupy 
a position intermediate between ionized and covalent compounds, 
particularly in respect of their volatility. A compound containing 

a co-ordinate link, such as a nitro compound R*N<" is much less 

volatile than an isomer containing only covalent links such as a 
nitrite, R-0*N : 0, e,g, nitroethane boils at 114°, whereas ethyl nitrite 
boils at 17°, 

Radicals, Residues, Groups. — ^Atomic complexes which remain 
unchanged through a series of reactions are referred to as radicals, 
residues or groups. According to their combining ability, one speaks 
of monovalent, divalent and trivalent radicals, the following examples 
being derived from methane : 

CH^ =CH 


Methane, 

saturated. 


Methyl, 

univalent radical. 


Methylene, 
divalent radical. 


Mcthenyl or Methine, 
trivalent radical. 


If such radicals are isolated from existing compounds, e.g, the 
halogen derivatives, then two of them unite to form a molecule : 


CH 3 I 

CH3 

-f 2Na 

= 1 + 2NaI 

CHal 

CHs 

CHals 

CH2 

+ 4Cu 

- II + 2CU2I2 

CH 2 I 3 

CH2 

CHCls 

CH 


= III -f 6 NaCl 

CHOI 3 

CH 


Or, an atomic rearrangement may occur with the production of 
a molecule of the same number of carbon atoms : 

CHClo CH, / CH=: \ 


+ 2Na 


instead of 


+ 2 ]SraCl 


Evidence of the transitory existence of free radicals has recently been obtained. 
By heatmg tetraethyl lead at a low pressure in a stream of hydrogen, free ethyl 
IS formed and yields volatile organic metallic compounds when passed over zinc 
(Ber. 55, 2889 : 446, 31, 49 : Naturwissonsohaften: 

1030, 18, 307 : Nature, 1930, 125, 564). Free radicals are rauoh more easily 
termed among the aromatic compounds : c/. triphenylmethyl. etc. (Vol. Ill • 
see also tetraethylammonium (p. 187). ' ^ ‘ 

The expressions residue and grou^ are similar to radical. They are chiefly 
applied to inorganic radicals, e.g , : ^ 


— OH hydroxyl group, 

— SH sulphydryl group, 

^hiH 2 ammonia residue or amino group, 
“NH imino group, 

— NO 2 nitro group, 

— ^NO nitroso group. 
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Homologom and Inohffous Sarivs. — Schiol, in 1842 (Ann. 43 , 107 : 110 , 141), 
dii'ected attention to the phenomenon of homology, giving as evidence the alcohol 
radicals, and was followed shortly after by Dumas, who observed it in the fatty 
acids. Gerhardt introduced the terms hmnologoiw and isologous series^ and showed 
the role tluvse series played in the classification of the carbon derivatives. It 
was the theory of atomic linking that first disclosed the cause of homology. 

The different kinds of linkages between the carbon atoms shows 
itself most plainly among the hydrocarbons. By removing one atom 
of hydrogen from the simplest hydrocarbon, methane, CH 4 , the re- 
maining univalent group, CHg, can combine with another, yielding 
CH 3 — CH 3 , or CgHti, ethane or dimethyl. Here, again, a hydrogen 
atom may be replaced by the group CH 3 , resulting in the compound 
CH 3 — CHo — CH 3 , propane. The structure of these derivatives may 
be more clearly represented graphically : 


H 

H 

H 

1 

H H H 

1 1 1 

j 

H— C— H 

1 

I 

H— 0- 
1 

1 

-C— H 

1 

1 1 1 

H— C— C— C 
1 1 1 

I 

H 

I 

H 

1 

H 

1 I 1 
H H H 

CHj 

C2H4 

C3H3 

Methauo. 

Wthaue. 

Propane. 


By continuing this chain-like union of the carbon atoms, there 
arises an entire series of hydrocarbons : 

CH3— CHa— CHa— OHa CH3— CH3— CHs— CHa— CH3, etc. 

C 4 H,o CsHia 

Butane. Pentane. 

Such a series of bodies of similar chemical structure and corre- 
sponding in chemical characters is known as a homologous series. 

The composition of such a homologous series can be expressed by 
a general em^jf>irical or rational formula. The series formula for the 
marsh gas or methane hydrocarbons is CnH 2 n+ 2 - 

Each member differs from the one immediately preceding and the 
one following by CHg. The phenomenon of homology is therefore 
due to the linking power of the quadrivalent carbon atoms. 

Recently evidence has been obtained by physical methods, largely 
based on X-ray spectroscopy, that in many long carbon chains the 
carbon atoms are arranged in a zig-zag manner, the angle formed by 
three carbon atoms approximating to the tetrahedral angle, t but 
sometimes diverging from it. See Proc. Physical Soc. 35 , 269 : J.C.S. 
123 , 2043, 3152, 3156 : 1926 , 2310: Nature, 119 , 50: Z. physik. 
Chem. 128 , 203 : Proc. Roy. Soc. [A] 124 , 317 : J.C.S. 1929 , 234. 

This zig-zag arrangement probably accounts for many of the 
examples of alternation of physical properties between odd and even 
members when ascending a homologous series. 

Ill addition to the homologous series of the saturated marsh-gas type, there 
are a large number of other such series, of which the simplest are those of the 
monohydroxy-alcohols, the aldehydes and monocarboxylic acids. 

G«H2«+20 CwH2«0 C,jH2«02 

CH4O Methyl alcohol CH2O Formaldehyde CH2O2 Formic acid 

CgHeO Ethyl alcohol C2H40 Acetaldehyde C2H4O2 Acetic acid 

CgHgO Propyl alcohol CgHgO Propionaldehyde C3H0O2 Propionic acid 

C4H10O Butyl alcohol CjHgO Butyraldehyde C4H8O2 Butyric acid 

etc. etc. etc. 

D 


VOL. I. 
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Carbon compounds, chemically similar, but differing from each other iii com- 
position by a diSerence other than nCH2, the saturated and unsaturated 
hydrocarbons, form isolotjous series, according to Gerhardt : 


C2H4 C2H2 

CaHg CaHe C3H4 


Isomerism ; Polymerism ; Metamerism. — ^The view once 
prevailed that bodies of different properties must necessarily possess 
a different composition. The first carbon compounds showing that 
this opinion was erroneous were discovered in 1820. 

lAebig^ in 1823, demonstrated that silver cyanate and fulminate 
were identical in composition. In 1828 Wohler changed ammonium 
cyanate to urea, and in 1830 Berzelius established the similarity of 
tartaric acid and racemic acid, and designated as isomers {iaofisQigQ, 
composed of similar parts) bodies of similar composition but different 
in properties. A year later he distinguished two kinds of isomerism, 
viz. : isomerism of bodies of different molecular mass — ■polymerism ; 
and bodies of like molecular mass — metamerism : at the present time 
the term isomerism is usually restricted to the latter kind, and is 
usually employed in place of the term metamerism. 

Numerous isomeric carbon derivatives were discovered in rapid 
succession ; hence, an answer to the question as to what causes iso- 
meric phenomena acquired importance for the development of organic 
chemistry. The deeper insight into the structure of carbon compounds, 
which was gradually attained, gave rise in consequence to a further 
division of metameric phenomena. 

The expression metamerism was employed to designate that kind of 
isomerism which is due to the homology of radicals held in combina- 
tion by atoms of higher valence. If the homologous radicals are 
joined by poljrp-alent elements, then those compounds are metameric, 
in which the sum of the elements contained in the radicals is the 
same (H may be viewed as the simplest radical) : 


C3H, 

H 
H 

Propylamine. 


Hj 

0 

\ 

is metameric with 

CHjto 

CHJ" 

Ethyl alcohol. 


Methyl ether. 

C,H,] 

0 

is metameric with 

0 

w 

0 

hJ 



CH,J 

Propyl alcohol. 


Ethylroethyl 




ether. 

CaH,) 

HfN 

Hj 

is metameric with 

12; 

00 

Ethylamine. 


Dimethylamine, 




CH3) 

IS metameric with CHshN 

and CH3 

) 


Hj , 

CHsJ 


Ethylmethyl- 

a-mine. 


N 


Trlmethyl- 

amiue. 


The constitution of the radicals in this division was disregarded ; 
the type formulae were sufficiently explanatory. We have recognized 
the power of the quadrivalent carbon atoms to unite in a chain-like 
manner as the cause of homology, and to this cause may be attributed 
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other phenomena of isomerism, which are not properly included under 
metamerism. 

In deducing the formulae of tlie five simplest hydrocarbons of tlic 
homologous series CnH 2 «.i- 2 j the formula for ethane, was de- 

veloped from that of methane, CH4, and that of propane CHa^CHa-OHa 
from the formula of ethane CgHe. In the case of propane intp.rmediate 
and terminal carbon atoms can be distinguished. The former are 
attached on either side to two other carbon atoms, still possessing two 
valency units which are saturated by two hydrogen atoms. The ter- 
minal carbon atoms of the chain are linked to three hydrogen atoms. 

With the next member of the series we observe a difference. Above 
(p. 33), the fact that a hydrogen of the terminal methyl group of 
propane was replaced by methyl was the only condition considered. 
This led to the formula CHa'CHg-CHa’CHg. However, the CHg-group 
might replace a hydrogen atom of the intermediate CHg-group, and 

CHg-CHCH., 

then the result would be the formula | . In this hydro- 

CH, 

carbon there is a branched carbon chain. The liydrocarbon with a 
continuous chain is termed normal butane \ its isomer is imhiitane, 
i.e. isomeric butane. 

Theoretically, by a similar deduction, the two butanes 

CHg— CHg—CHa— CHg CH3CH(CH3)2 

Normal butane. isoButane. 


yield three isomeric pentanes which are actually known. 


CH3-CH2-CH3-CH3-CH3 
Normal pentane. 


CHa-CHCHg-CHs 

1 

CH 3 

iwFentane. 


CH, 

I 

JFI3C— -C — -Cfl^ 

1 

CH3 

Tel ramethjrimethane. 


The number of possible isomers increases rapidly with the increase 
in carbon atoms (Ber. 27, R. 725 : 33, 2131). 

The origin of isomerism in the homologous paraffins, as in so many 
other cases, is the difierent constitution of the carbon chain. The 
isomerism caused by a difference in linking, by the different structure 
of the carbon nucleus or the carbon chain, is termed nucleus or chain 
isomerism. 

The investigation of the substitution products of the paraffin 
hydrocarbons brings to light another kind of isomerism. The prin- 
ciple of similarity of the four valences of a carbon atom (p. 24) renders 
possible but one monochloro-substitution product of methane and 
ethane. The same consideration which heretofore recognized the 
possibility of two methyl substitution products of propane (the two 
butanes possible by theory) leads to the possibility of two monochloro- 
propanes, dependent upon whether the chlorine atom has replaced the 
hydrogen of a terminal or intermediate carbon atom : 

CH3-CHg*CHaCl CHa’OHCl-CHg 

Noruml propyl chloride. tsy Propyl chloride. 

If two hydrogen atoms of one of the carbon atoms of propane 
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be replaced by an oxygen atom, the followiiig case of isomerism 
arises : 

CHj-CHgCHO CHs-CO-CH;, 

Propionaldehyde. A(*<*tom*. 

In the case of the two known chloropropanes, and also in the case 
of propionaldehyde and acetone, the cause of the isomerism is not due 
to difference in constitution of the carbon chain, but to the different 
'position of the chlorine atoms with reference to the oxygen atoms of 
the same carbon chain. Isomerism, induced by the different arrange- 
ment or position of the substituting elements in the same carbon chain, 
is designated place or position isomerism. 


STEREOISOMERISM 

The theory of atomic linking not only revealed an insight into 
the causes of the innumerable isomeric phenomena, but predicted 
unknown instances and determined their number in a very . definite 
manner. In many cases isomeric modifications, possible by theory, 
were discovered at a later period. For certain isomers, however, at 
first few in number, the structural formulse deduced from their syn- 
thetic and analytical reactions were insufficient, inasmuch as different 
compounds were known, to which the same structural formula could 
be given. The greatest similarity in reactions indicative of the struc- 
ture was combined with complete difference in physical properties 
of the compounds belonging in this class. The tendency at first 
was to designate such bodies physical isomers, meaning thereby an 
aggregation of varying complexes of chemically similar molecules. 

The following groups of such isomers have been well investigated : 

HOHC-CO.H 

1. The /ow;r symmetrical dihydroxysuccinic acids : 1 , the 

HO-HC-CO.H 

ordinary or dea’iro-tartaric acid, and racemic acid, which were proved 
to be isomeric in 1830 by Berzelius (see p. 34), and Zcevo-tartaric and 
the inactive or meso-tartaric acids which were added later, through 
Pasteur’s classic researches. 

CH-COsjH 

2. The two symmetrical ethylenedicarboxylic acids : 11 , fu- 

CH *00211 

marie and maleic acid. 

3. The three cf^-hydroxypropionic acids : CH3*CH(0H)*C02H — 

inactive lactic acid of fermentation, sarcolactic acid, and 

acid, which was added later. 

Substances are included among these compounds, which when 
liquefied, either by fusion or solution, rotate the plane of polarization 
either to the right or left. The direction of deviation is indicated by 
prefixing ‘‘ dextro ” or “ l^vo ” or (+)- or (-)- to the name of the 
bodies thus acting. Such carbon compounds are '' optically active ” 
(p. 68), m contradistinction to the other almost innumerable deriva- 
tives which exert no influence on polarized light and are “ optically 
inactive ” or inactive.” 

A direct synthesis of optically active carbon compounds has not 
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yet been achieved except by the use of enzymes (Eermentforschung, 
5, 334 : see also asymmetric synthesis, p. 71), although optically 
inactive bodies have been synthesized. Pasteur discovered methods 
by means of which the latter can be resolved into their components, 
which rotate the plane of polarization to an equal degree but in 
opposite directions. Upon splitting sodium-ammonium racemate into 
sodium -ammonium Imvo- and c^eos^ro-tartrates, Pasteur observed that 
the crystals of these salts showed hemihedrism ; that they were as an 
object to its mirror-image ; and that equally long columns of equally 
concentrated solutions of these salts, at the same temperature, 
deviated the plane of polarized light to an equal degree in opposite 
directions. 

In 1860 Pasteur expressed himself as follows upon the cause of 
these phenomena — ^upon molecular asymmetry : “ Are the atoms of 
the dextro-d^oiA grouped in the form of a right-handed spiral, or are 
they arranged at the angles of an irregular tetrahedron, or are they dis- 
tributed according to some other asymmetric arrangement ? We 
know not. Undoubtedly, however, we have to do with an asymmetric 
arrangement, the images of which cannot mutually cover each other. 
It is not less certain that the atoms of the 2cBvo-acid are arranged in 
opposite order.” In 1873 J. Wislicenus added the following com- 
ment to the evidence of similar structure in the optically inactive 
lactic acid of fermentation and the optically active sarcolactic acid : 
‘‘ Facts compel us to explain the difference of isomeric molecules of 
like structural formula by a difference in arrangement of the atoms 
in space.” How the configuration in space of the molecules of carbon 
compounds was to be represented was answered almost simultaneously 
and independently of each other by van H Hoff and Le Bel (1874) 
(Ber, 26, R. 36), by the introduction of the hypothesis of the asym- 
metric carbon atom. This hypothesis is the basis of the chemistry 
of space or stereo-chemistry of the carbon atom. 

The hypothesis of an asymmetric carbon atom. * is designed to 
explain optical activity and the isomerism of optically active carbon 
compounds. 

Whilst the theory of atomic linkage abstains from any representa- 
tion of the spacial arrangement of the atoms in a molecule, experience 
gathered from the investigation of simple carbon compounds shows 
that definite spacial relations do not harmonize with actual facts. 
Assuming that the four valences of a carbon atom act in a plane and 
in perpendicular directions upon each other, the following possible 
isomers for methane are evident : 

No isomers of the types CH^R^ and CH(Ri).j 

Two „ „ „ CHalRi)^, CH^RiRs, CHRW) 2 , 

Three „ „ „ CHRiRm^ 

* Pasteur : Recherches sur la dissymetrie moleculaires des produits organiques 
naturals. Legons de chimie professees en 1860. Pails, 1861. J. H. van 
Hoff: Dix aiuiees dans Thistoire d’une tMorie, 1887. K. Aimers: Die Ent- 
wickelung der Storeochemus Heidelberg ,1890. A, Hantzscfi : Grundriss der 
Stereochemie, Breslau, 1893. C. A. Bischoff : Handbuch der Stereochemie, 
1893, together with, Materialien der Stereoclieraie, 1904. Werner: Lehrbneh 
der Stereochemie 1904. P, Waldm : Xiooturo, Ber. 58, 237. 
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Methylene iodide, for example, should appear in two isomeric 
modifications 

H H 

I I 

1 and H C 1 


! I 

H 1 

However, two isomers of a single disubstitution product of 
methane have never been found ; consequently, it is very improbable 
that the four aftinities of a carbon atom are disposed in the manner 
indicated above. The carbon atom models of Kekule represent the 
carbon atom as a black sphere and the quadrivalence of it by four 
needles of equal length and firmly attached to the sphere, which 
Baeyer has called axes. These needles are not perpendicular to each 
other, nor do they lie in the same plane, hut are so arranged that 
planes placed about their terminals produce a regular tetrahedron 
(Z, f. Chem. (1867) N. F. 3, 216). Van H Hoff's generalizations are 
based upon this model, about which fundamental considerations will 
be more fully developed in the following pages. 

On the assumption that the affinities of a carbon atom are directed 
towards the summits of a regular tetrahedron, in the centre of which 
is the carbon atom, there would be no imaginable isomers coinciding 
with CHoiRi)^, CH^R^R^, CHR2(Ri)p, hut a case such as CHR^R^R^ or 
the more general CR^R^R^R^ — an isomeric phenomenon of peculiar 
nature — ^might be predicted. A carbon atom of this description, con- 
nected with four different univalent atoms or atomic groups, van *t 
Hoff has designated an asymmetric carbon atom. 

If a compound contains an as 3 rmmetric carbon atom we can 
conceive of its existence in two isomeric modifications, the one being 
an image of the other : 



These spacial arrangements are more fully understood by the aid of the models 
suggested by Kekul4, van ’t Hoff, and others, than by their projection upon the flat 
surface of paper. Van. ’t Hoff introduced tetrahedron models in which the solid 
angles were coloured ; this was to represent and indicate different radicals. They 
lack this advantage, possessed by the Kekule model, that the carbon atom has 
entirely disappeared from the model. It must be imagined as being in the centre 
of the tetrahedron, and in projections of these models (see above) the radicals aro 
united to each other by lines, the latter, however, not in any sense representing 
a chemical union. 

In the left tetrahedron the succesHive neries R^R^R^ proceeds in a 
direction directly opposite to that of the hand of a watch, whilst in 
the right tetrahedron tlie course coincides with that of the hand. The 
two figures cannot, by rotation, be by any means brought into the 
same position — ^that is. in a position to cover each other completely 
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— any more than the left hand can be made to cover the right, or a 
picture its image or reflection. 

The Isomerism of Optically Active Carbon Compounds. — ^The cause 
of optical activity, in the opinion of van ^t Hoff and of Le Bel, is 
the presence of one or several asymmetric carbon atoms in the mole- 
cule of every optically active body. It is obvious that two mole- 
cules which only differ in that the series of atoms or atomic groups 
attached to an asymmetric carbon atom differ successively in order 
of arrangement, which therefore are identical in chemical structure, 
must be very similar in chemical properties. However, those physical 
properties, upon which the opposite successive series of atoms or 
atomic groups in union with asymmetric carbon exerts an influence, 
e.g. the power of deviating the plane of polarized light, must be equal 
in value, but opposite. The union of two molecules identical in 
structure, having equal but opposite rotatory power, gives rise to a 
molecule of an optically inactive polymeric compound. 

Compomids containing one Asymmetric Carbon Atom. — a-Hydroxy- 
propionic acid, CHs-^CHOH-COgH, is an example of a compound 
containing one asymmetric carbon atom. It exists in two optically 
active, structurally identical, but physically isomeric modifications, 
and one optically inactive, structurally identical polymeric form : 



acid. ^^B^>o-Lactic acid, 

(Sarcolactic acid.) 

OH OH 


C— H 

/\ 

HaC COoH 


H— C 

/\ 

HO2C CHs 


( -h ) R-Lactic Acid ( — ) L-Lactic . 


[Lactic Acid of Fermentation or 
) Inactive Lactic Acid. 


The following compounds also contain one asymmetric carbon 
atom : 


Leucine . 
Malic Acid . 
Asparagine . 
‘Mandelic Acid 

Coniine 


C,-Si,*CB.(NU^)OO^n 

C02H-CH2'*CH(0H)C02H 

C 0 NH 2 CH 2 -*CH(NH. 2 )C 03 H 


C.H5**CH0H‘C0,H 




3 


Each of the preceding bodies is known in two optically active and 
one optically inactive modifications. 

Compounds containing, two Asymmetric Carbon Atoms. — The rela- 
tions are more complicated when two asymmetric carbon atoms are 
].>resent. 

The simplest case would be that in which similar groups are in 
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union with the two asymmetric carbon atoms. The one half of tlic 
molecule would then be constructed chemically exactly like the other 
half. The four isomeric dihydroxysuccinic acids belong in this group. 
This group of tartaric acids has become of the greatest im])oi;taucc in 
the development of the chemistry of optically active carbon derivatives. 

They were the first to be most carefully investigated chemically, 
optically, and crystallographically, and were employed by Pastmr in 
the development of methods for resolving the optically inactive com- 
pounds into their optically active components (p. 72). Their im- 
portance was further increased by the fact that they were brought 
into an intimate relationship with fumaric and maleic acids — two 
isomeric bodies which will be considered in the next section (p. 41). 

When a carbon compound contains two asymmetric carbon atoms, 
united to similar groups, then a fourth compound becomes possible in 
addition to the three isomeric modifications which a compound con- 
taining only one asymmetric carbon atom is capable of forming. If 
the groups linked to one asymmetric carbon atom, viewed from the 
axis of union of the two asymmetric carbon atoms, show an opposite 
successive arrangement to that of the other asymmetric carbon atom, 
an inactive compound results, due to an intramolecular or internal 
compensation ; the action due to the one asymmetric atom upon 
polarized light will be cancelled by an equal but opposite action 
caused by the other asymmetric carbon atom. 

The hypothesis of the asymmetric carbon atom gave the first and, 
indeed, the only satisfactory explanation for the occurrence of four 
isomeric symmetrical dihydroxysuccinic acids, which are represented 
as follows : 







HO—C—H 
I 

COaH 

(1) f/earfi’o-Tartaric aciU, 


H—C—OH 

1 

CO,H 

(2) Zaao-Tartaric acid. 


rfparfro-Tartaric acid + ?<«??o-Tartarie acid 


H—C—QH 

I 

COjH 

(3) Inactive or iwcsoTartaric acid. 
= (4) Hacemic acid. 


It is seen that the two independent rotating systems are in contact 
with one another at one angle of the tetrahedrons through a single 
carbon bond. 
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An excellent example of the formation of a meso-form by the 
combination of two optical antipodes, is supplied by ^alanyl-c^-alanine. 
It is itself optically active, but loses water, giving rise to the meso- 
form of alanine anhydride (C. 1906, II- 59) : 



C—GO HOOC—C 


. /\ 

H CH, 


/\ 

HoC H 


Z-AIanyI-<Z-alaiiin(‘. 


NH 

C— CO^ OC— C 

/\ /\ 

H CH3 HjC H 

'm<?,s‘oAlanine anhydride. 


The possibilities of isomerism in carbon compounds containing 
more than two asymmetric carbon atoms — a condition observable 
with the polyhydric alcohols, their corresponding aldehyde alcohols, 
and ketone alcohols (the simplest sugar varieties), as well as with 
their oxidation products, will be more elaborately discussed under 
these several groups of compounds. 

Geometrical Isomerism, Stereoisomerism of the Ethylene 
Derivatives (AUoisomermn ). — ^Two carbon atoms, singly linked to each 
other, whose valences are not required for mutual union, and which are 
united to other atoms or atomic groups, may be considered as being 
able to rotate independently of each other about their axis of union. 
Wislicenus assumed, however, that the atoms or atomic groups 
combined with these two carbon atoms exercise a “ directing in- 
fluence ” upon each other until finally the entire system has passed 
into the '"favourable configuration'* or the "preferred position'* It 
follows from this assumption that, in ethane derivatives in which asym- 
metric carbon atoms are not present, structurally identical isomers 
cannot occur. When the van ’t Holf tetrahedron models are employed 
for demonstration the two systems, capable of independent rotation 
about a common axis, are found to touch one another through a single 
carbon bond situated at one of the angles (comp, the projection- 
formula of the tartaric acids, p. 40). 

A different state prevails where the carbon atoms are doubly linked. 
The double union, according to van ’t Hoff, prevents a free and inde- 
pendent rotation of the two systems and space-isomers are possible. 
The tetrahedron models represent this double union in such a 
manner that two tetrahedra have two angles in common and are 
in contact along a common edge. The frequent and notable differ- 
ences in chemical behaviour of this class of isomers are to be attrib- 
uted to the greater or less spacial distance of the atomic groups, 
which determine the chemical character. 

Compounds having the general formulae a6C=Ca6 or a6C=C<xc, 
may exist in two isomeric modifications. In one instance groups of 
like name are directed towards the same side — according to Wislicenus 
the "plane symmetrical configuration" — or they are directed towards 
opposite sides — then they have according to the same author the 
central or axially symmetrical configuration," The plane-symmetric 
configuration is now usually referred to as tlie '' cis " modification, 
the axially-symmetric as the “ Irons," Baeyer suggests for this 
form of asymmetry the term " rehfive asymmetry" in contradis- 
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tinction to the kind of asymmetry which substances with asym- 
metric carbon atoms show ; the latter he prefers to call “ absolute, 
asymmetry.^’ 

The structurally symmetrical ethylenedicarboxylio acid is the 
most striking example of this class of isomerism. It exists in two 
isomeric modifications, known as fumaric and maleic acids, both of 
which have been very carefully investigated. Maleic acid readily 
passes into an anhydride, hence the plane symmetrical configuration is 
ascribed to it ; fumaric acid does not form an anhydride, so that the 
axial symmetrical configuration is given to it, in which the two carboxyl 
groups are as widely removed from each other as possible. In pro- 
jection formulae and in structural formulae, to which there is given 
a spaciai meaning, the configuration of these two acids would be 
represented in the following way : 



Kane Symmetrical Configuration. 
ci’s-Configuration, 



Central or Axially Symmetrical Configuration. 
ryflws-Configuration. 


The isomerism of mesaconic and citraconic acids. (CH3)(C02H) 
C=CH(C 02 H), is of the same class ; the first acid corresponds to 
fumaric acid and the second to maleic acid. Further examples of the 
class are : 


Crotonio and isoCrotonio acids . 
Angelic and Tiglic acids . 

Oleic and Elaidic acids . . . 

Erucic and Brassidic acids 
The two a-Chlorocrotonic acids . 
„ „ j8-Chlorocrotonic acids . 

„ „ Tolane dichlorides . 

„ „ „ dibromides . 

„ „ o-I>initrostiIbenes 

Cinnamic and Allocinnamic acids 
The two a-Bromocinnamic acids 
„ „ jS-Bromocinnamio acids 

„ „ Coumaric acids . . . 


CH 3 CH : CHCOgH. 

CHs-CH : C(CH3)C02H. 

CsH^^CH: 

CsHi^CH : 

CHs-CH : < 

CHg-CCl : CH-C0;H, 

CeHaCCl : CClCflHs. 

CeHsCBr : CBrCcHs. 

CcHs-CH : CHCO 3 H. 

CeHs-CH : CBrCOsH. 

CgHs-CBr : CHCOgH. 
H 0 [ 2 ]C 6 H 4 [ 1 ]CH ; CH-COgH, etc. 


Isomeric phenomena of this kind Michael designates as alio- 
isomerism, without suggestion as to its cause. When a body passes 
into a more stable modification upon the application of heat, Michael 
prefixes alio ” to tlie name of the more stable forili ; thus, fumaric 
acid is allomaleic acid (Ber, 19, 1384). 

Fumaric and maleic acids are placed at the head of this class of 
isomeric phenomena not only because they have been most thoroughly 
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investigated, but chiefly because the two optically inactive dihydroxy- 
tartaric acids bear to them an intimate genetic relation (p. 40). Kekul4 
and Ansohiitz showed that fumaric acid was converted into racemic 
acid, and maleic acid into mcsotartaric acid by potassium permangan- 
ate. This conversion harmonizes entirely with the van ’t Hoff-Le Bel 
conception of these four acids-; indeed, it might have been predicted. 
These relations will be more fully elaborated in the discussion on the 
acids. 

Baeyer considers that the isomerism of the saturated or carhocyclie compounds 
bears a definite relation to the stereoisomerism of the ethylene derivatives, as will 
be more fully explained when the hexahydroxyphthalic acids (Vol. II) are 
described. The same author maintains that the simple ring-union of carbon atoms 
viewed from a stereochemical standpoint has the same signification as the double 
union in open chains. Therefore, stereoisomerism in the carbon compounds 
with double union would appear merely as a special case of isomerism in simple 
ring-unions. Baumann applied this idea to saturated heterocyclic compounds — 
to the polymeric thioaldehydes (ff.v.). 

Baeyer suggested the introduction of a common symbol for all geometrical 
isomers, such as the Greek letter r. “ The addition of an index will assist 
the ready expression of the kind of isomerism. In the case of compounds which 
contain absolute asymmetric carbon atoms, the signs -f — can be employed. 
Thus the expressions 

^ deasiro-Tartaric acid = r -f -f- ) 

Zee w -Tartaric acid = T I Tartaric acid 

we^oTartaric acid = T -1 j 

can be understood without special explanation.” In the case of relative asym- 
metry in unsaturated compounds and saturated rin^s, Baeyer proposes to use the 
terms cis and trans. Maleic acid = ^ or briefly c-ts-ethylenedicarboxylic 

acid, while fumaric acid = trana qj, ira?w-ethylenedicarboxylic acid. 

Further considerations on the space-configuration of the ethylene 
and polymethylene derivatives lead to a broadening of the scope and 
to the correction of the law, that an asymmetric carbon atom must 
be present in every optically active compound (see above, p. 38). 
Optical activity can occur even in the absence of an asymmetric carbon 
atom in the ordinary sense, if the atoms are attached to a carbon skeleton 
in such a way in space, that there is no plane of symmetry present — ^the 
object and its mirror-image do not correspond. This is found, for 
instance, in hexahydrohexahydroxybenzene, which exists in two enan- 
tiomorphic optically active forms, as d- and Z- inositol : 



H 


OH 



d- anU Z- Inositol. 


The same considerations apply to the allene compounds, Qab : C : Ccd. 
In virtue of the tetrahedral configuration of the groups attached to 
a carbon atom, the radicals a, b and o, d must be arranged in two 
planes perpendicular to each other. The following diagrams repre- 
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sent this asymmetry, the full lines being assumed to lie in the plane 
of the paper and the dotted lines in a plane at right angles to this. 


.0—6 

6 — C — ch 

C 

6 

11 /^ 


.C‘ 

c. 


The conditions are not altered if one or both of the ethylene link- 
ages is replaced by a cyclic grouping. An example of this is the 
resolution of 4 -methylc 2 /cilohexylideneacetic acid {Marckwald, Ber. 39, 
1171 : Ann. 371, 180). 


CHg-,. 

H-’" \cHs-CH/^ \cOjH 



/CHj— ,CH, 


For stereochemical considerations of spiran compounds (in which one 
atom is simultaneously a member of two different rings), see Ber. 45, 
2114 : 47, 2573. 

The particularly ready formation of carbocyclic and heterocyclic 
compounds when five or six carbon atoms take part in the ring forma- 
tion, is also a result of the position of the atoms in space. This aspect 
of stereochemistry will be considered in the introduction to the carbo- 
cyclic compounds, and there also to the heterocyclic bodies, as well as 
in the 'discussion of the cyclic carboxylic esters, or lactones, the cyclic 
acid amides or lactams, the anhydrides of dibasic acids, etc. 

Hypotheses Relating to Multiple Carbon Bonds. — ^The mul- 
tiple carbon bonds are so important in stereochemical considerations, 
that there has been a large amount of research into the nature of this 
union as well as attempts to represent it. All investigations in this 
direction demonstrate how difficult it is at present to understand so 
obscure a force as chemical attraction or affinity from a mechanical 
point of view. Despite the demand and necessity that may exist for 
the introduction of hypotheses dealing with the mechanics of multiple 
linkage the views so far presented are in many essentials contradictory, 
and not one has won general recognition for itself. 8ee Baeyor (Ber. 
18, 2277 : 23, 1274) ; Wunderlich (Configuration organischer Mole- 
cule, Leipzig, 1886); Lossen (Ber. 20, 3306); Wislicenuj^ (Ber. 21, 
581) ; F. Meyer (Ber. 21, 265 Anm. : 23, 581, 618) ; F. Meyer und 
Biecke (Ber. 21, 946) ; Auwers (Entwicklung der Stereochemie, Heidel- 
berg, 1890), pp. 22-25 ; Naumann (Ber. 23, 477) ; Bruhl (Ann. 211, 
162, 371) ; Deslisle (Ann. 269, 97) ; Skraup (Monatsh. 12, 146) ; 
J. Thiele (Ann. 306, 87 : 319, 129) ; Erlenmeyer, jun. (Ann. 316, 43 ; 
J. pr. Chem. [2] 62, 145) ; Vorlaender (Ann. 320, 66) ; Hinrichaen 
(Ann. 336, 168). 


Stereochemistry of Nitrogen 

Isomeric phenomena occur among nitrogen containing compounds 
of the same constitution, which cannot be referred to an asymmetric 
carbon atom, and compel the attribution of asymmetric properties 
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to the nitrogen atom. If the organic ammonium salts are represented, 
after Werner, by the formula [^N^]x where the radicals a, 6, c, d 

are co-ordinatively attached to the central nitrogen atom and the 
anion X attached by an ionic linkage, the ammonium compounds 
can be compared with the compounds containing an asymmetric car- 
bon atom The theory of an asymmetric nitrogen atom 

was first substantiated by the resolution by Pope and Peachy in 
1899 (J.C.S, 75, 1127) of methylallylphenylbenzylammonium iodide 
C 6 H 5 *CH 2 (CH 3 )(C 3 H 5 )(C 6 H 5 )NI. Other optically active quaternary 
ammonium iodides have been obtained subsequently (c/. E. Wedekind, 
Zur Stereochemie des fiinfwertigen Stickstoffs, 2. Aufl. Leipzig, 1907). 
The resolution of a purely aliphatic ammonium compound has not 
yet been satisfactorily accomplished (J.C.S. 101, 519 : Ber. 45, 2940 : 
Ann. 428, 253). 

Meisenheimer has resolved methylethylaniline oxide, CeHgNMeEtrO 
and other amine oxides into their optical components (Ber. 41, 3966 : 
Ann. 385, 117 : 397, 273 : 399, 371) (Resolution of purely aliphatic 
amine oxides, see Ann. 428, 262). This optical activity is readily 
understandable as due to tetrahedral asymmetry if the oxygen is 
regarded as attached to the nitrogen by a co-ordinate linkage, as in 
the formula RR'R"N — >0 (see p. 31). 

The actual spatial arrangement of the groups round a trivalent 
nitrogen atom is not known ; all attempts to resolve compounds con- 
taining trivalent nitrogen, derivatives of ammonia, hydrazine and 
hydroxylamine, have been unsuccessful (Ber. 57, 1744). Evidence 
obtained by the study of compounds containing a double linked 
nitrogen atom such as oximes {Hantzsch and Werner, Ber. 23, 11), 
hydroxamic acids {Werner) and diazo compounds {Hantzsch) leads to 
the view that the three valencies do not lie in one plane. The reso- 
lution of the oxime of 4-C2^clIohexanonecarboxylic acid by Mills and 
Bain in 1910 (J.C.S. 97, 1866) can only be explained by the assumption 
of a non-planar arrangement for these bonds. 


yCHg—CHav yOH 

COgH/ vcHg— CHj/ 

i-t-yf/oHexanonecarboxylic acid oxime. 


Stereochemistry of Phosphorus. — Ber. 44, 356 : 45, 2933. 
Stereochemistry of Arsenic. — J.C.S. 119 , 426 : 127 , 2479 ; Ber. 58, 2000. 
Stereochemistry of Sulphur . — Thionium salts, J.C.S. 77, 1072, 1174: 
sulphinic esters, J.C.S. 127 , 2552 : sulphooddes, Ber. 44, 756 ; J.C.S. 1926 , 
2079 : 1927 , 1798 ; sulphilimines, J.C.S. 1927 , 188. Many of the above com- 
pounds, which exhibit tetrahedral type of symmetry, involve a scmipolar (co- 
ordinate) double bond affecting the sulphur atom. 

Stereochemistry of Selenium. — C. 1903, I. 22, 144. 

Stereochemistry of Tellurium. — J.C.S. 117 , 86, 889: 119 , 105, 687. 
1929 , 560. See also dimethyltelluronium iodide (p. 178). 

Stereochemistry of Tin. — C. 1900, II. 34. 

Stereochemistry of Silicon.— C. 1908, I. 1688 : 1909, I. 360 : 1910, I. 
2083. 
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INTRAMOLECULAR ATOMIC REARRANGEMENTS 


Many investigations have showji that certain inodes of linking, 
apparently possiWe from a valence standpoini-, cannot, in fact, occur, 
or when they do take place are possible only under certain definite 
conditions. In reactions, for example, in which two or three hydroxyl 
groups should unite with the same carbon atom, a loss of water almost 
invariably occurs and oxygen becomes doubly united with carbon, e.g , : 



On the other hand, the ethers derivable from these unstable 
alcohols ” are stable : 

yOAHs /0 -CoH3 

CHsC^OCgHs and HC^O-CgHs 

In other cases there is a cleavage of a halogen hydride, water or 
ammonia, with the production of an unsaturated body, or an anhydride 
of a dibasic acid, or a cyclic ester (Zactone), or a cyclic amide (lactam). 
In these reactions two molecules result from one molecule, in which 
atom-groups occur in unstable linkage-relations, an organic molecule 
and a simple inorganic body. 

This type of decomposition of a labile molecule is similar to the 
intramolecular atomic rearrangements which occur where unstable 
atomic groupings pass at the moment of their formation into stable 
forms without the alteration of the size of the molecule. The hydrogen 
atom, especially, is inclined to wander, but groups, such as the alkyl, 
phenyl, and hydroxyl behave similarly. To-day, the number of 
examples of this phenomenon is remarkably large, of which a few 
only need be cited. A free hydroxyl group becomes added in most 
cases to a carbon atom in double union with its neighbouring carbon 
atom. When intramolecular atomic rearrangements occur the hydro- 
gen of the hydroxyl attaches itself to the adjacent carbon atom, and 
oxygen of hydroxyl unites doubly with carbon (Erknmeyer’s rule, 
Ber, 13, 309 : 25, 1781). 

CHBr 

II > 

CHa 

CH3 , 

I 

CBr > 

II 

CH2 


/CHOH\ 

CHO 

(11 ) - 

— >■ 1 

\CH, / 

CH3 

Vinyl alcohol. 

Aldehyde. 

/f’\ 

CHa 

I C OH j — 

j 

y 0=0 

Vll / 

1 

\CH, / 

CHa 

5 -Allyl alcohol. 

Acetone. 


However, the ethers obtained from vinyl alcohol {q,v,) are stable : 
OH 2 =OHO* 02 H 5 and CH 2 =:?C( 0 *C 2 H 6 )"— -CH 3 are known. 

A further, very widely represented class of intramolecular migra- 
tions is the change of a compound with separated double bonds into 
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an isomer containing a conjugated system. //y-Unsaturated acids, 
for example, change into the a/J-unsaturated compounds. 

CHaiCH CHa-C: O > CIVCH : CH-C : 0 


Vinyluci'tic add. 

CHa : C— CO 

CHs-Co/ 
Itaconic anhydride. 


OH 

Crotoiuc acid. 

CHa-C CO\ 

II >0 
CH— CO/ 
Citraconic anhydride. 


Allylbenzenes are isomerized under the action of alkalis into the 
isomeric propenylbenzenes (see Vol. II). 




>C-CH2-CH : CHg 

ch/ 


CH^ >C*CH : CH-CHg 

\ch=ch/ 


Transformations of this type are particularly common among the 
terpene derivatives (Vol. II). 

That these changes are due to the transformation of a labile com- 
pound into a more stable isomer is shown by the determination of 
the heats of combustion. 

In some cases, the migration of an alkyl group instead of a hydrogen 
atom is observed. Examples are : 

The esters of hydrothiocyanic acid, under the influence of heat, 
rearrange themselves into the isomeric mustard oils, sulphur unites 
doubly with carbon and the alcohol radical that had previously been 
in union with the sulphur wanders to nitrogen : 

CaHfi— S— CsN ^ S^C^N-CsHj 

Ally] thiocyanate. Allyl mustard oil. 

^5oNitriles or carbylamines, when heated, pass into nitriles ; the 
alcohol radical previously in union with nitrogen, wanders to carbon ; 

CeH5*-N=C > CeHg— C^lSr. 

Phenylcarhylamine. Benzonitrile. 

(Vol. II.) (Vol, II,) 

Trisubstituted acetaldehydes are partially isomerized by the action 
of concentrated sulphuric acid into disubstituted ketones (Compt. 
rend. 182, 67). 

BaC’CHO RgCH-CO-R. 

0-Allylacetoacetic ester is changed by distillation in the presence 
of ammonium chloride into the O-alkyl derivative. 

CH5-C(0C3H5) : CH*COOEt CH3-CO-CH(C8HB)-COOEt. 

Among the characteristic transformations of the aromatic series 
are the isomerizations of amines and phenols substituted on the N- 
and 0-atoms into their nuclear substituted isomerides (Vol. II). 

CeH5*NH*0H >• 

Phenylhydroxylamine. p-Aminophenol. 

Eydrazohenzene. Beuzidiue. 

Phenyl allyl ether. o-AUylphenol. 

AU the transformations hitherto considered consist in a change 
from ‘a relatively labile atomic conformation to a more stable isomer. 
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The following reactions depend upon the conversion of a stable sub- 
stance, by loss of water, halogen acid, nitrogen, etc., into a compound 
unstable from the valency standpoint, which spontaneously changes 
into a stable form. 


/N 

CcHs-CO-N/ 11 ^ CcH5-CO-N<] - 

\N 

Benzazide. 

CHg-CO-NHBr ^ [CH 3 -CO-N<] — 

Acetbroinoamide. 

(CH3)3C(0H)-C(0H)(CH3)2 )-[(CH3)3C-C(CH3)3]. 

Pinacone. | j 

0 

1 

(CH3)3C-CH(0H)-CH, [(CH3),C-C-CH3] — 

Pinacolyl alcohol. A 


-> O^Hg'N : C ; O 
Phenyl isocyanate. 

> CHgNiCrO 
Methyl ^>focyanate. 

-~>(CH3)3C-C0-CH3 

Pinacoliu. 


■> (CH3)3C : C(CH3)3 
Tetrametliylethylen e. 


To this type of reaction belong in all probability the benzilic acid 
transformation (Vol. II), the Beckmann inversion of the ketoximes and 
other reactions. 


Tautomerism, Desmotropy, Allelotropy, Pseudomerism, 
Ring-chain tautomerism 


{Of. W. Wislicenus, Ahrens Sammlung, 2, 188 (1898) : Henrich, 
Theorien der organischen Chemie, Braunschweig, 1924, Vieweg.) 

The phenomena referred to under the names tautomerism and 
desmotropy include some of the most interesting intramolecular 
changes. 

Baeyer in 1882 (Bey. 15, 2093 : 16, 2193) obtained from isatin 
by the action of acetic anhydride an acetyl derivative, which must 
have the constitution (I). By the action of methyl iodide on the 
silver salt of isatin he obtained a methyl ether which should be repre- 
sented by the formula .(II) : 


COCH3 

(I) 

This led him to expect the occurrence of 
may be represented by (III) and (IV) : 



(ii) 

two forms of isatin which 



(III) (IV) 

All attempts to prepare these two forms of isatin by the removal 
of substituents failed. The same isatin was always obtained. 

The number of compounds to which must be attributed, from a 
consideration of their derivatives, two structural formulae increased 
rapidly from this time (Ber. 16, 1704, 2188 : 17, 317, 2387, 2873, 
2903 : 18, 1528), Compounds containing the following groups, in 
particular, show this phenomenon : 

— CO-NH ^ — C(OH) : N— --CO-CHg > C(OH) : CH— * 

^CH3>N03 ^ — CH : NO-OH. 
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Baeyer recognized that the origin of tliis was the abnormal mobility 
of a hydrogen atom. 

The classical example of tantomerism is acetoacetic ester. The 
formula CHa-CO-CHa'COOEt must be ascribed to the compound on 
the basis of its decomposition to acetone, the formation of (7-mono- 
and di-alkyl derivatives by the action of alkyl halides on its sodium 
derivatives, and its behaviour towards the ketone reagents phenyl - 
hydrazine, hydroxylamine, etc. On the other baud, a series of reac- 
tions such as the formation of 0-acetyl derivative by the action of 
acetyl chloride in pyridine solution leads to the recognition of the 
^-hydroxycrotonic ester formula CH 3 -C(OH) : CH-COOEt. This ester, 
therefore, presents a typical example of a compound which reacts in 
two forms, and to which cannot be ascribed a definite constitutional 
formula. 

In explanation of these phenomena, Laar {cf. ButUfow, Ann. 189, 
77 : van H Hojfj Ansichten fiber die organische Chemie, 2, 263 and 
ZincJcef Ber. 17 , 3030) suggests that such compounds consist of a 
mixture of structural isomers, in which a hydrogen atom oscillates 
between two equilibrium positions, and the whole complex acquires 
mobility therefrom. This conception of Laar, by which it is impossible 
to assign any definite constitution to the compound, is not of general 
application. Cases were soon met with in which both forms could be 
isolated (Claisenj Arm. 291 j 25 : WislicenuStAxm. 291, 147). The true 
cause of the phenomenon was put forward independently by Claisen 
and Wislicenus as an equilibrium between the two possible forms. 

~C(OH) : CH— :;^zn± --CO-CHs— 

—N ; C(OH)-- ~~NH-CO— 

The phenomenon will here be referred to by the name tauto- 
merism, suggested by von Laar, which may be more accurately 
defined as follows {K, H. Meyer, Ann. 398, 64). 

Tautomerism . — Compounds are designated tautomeric when they 
form two series of derivatives, derived from two isomeric formulae 
which differ from each other by the position of a hydrogen atom and 
one or more double bonds. 

Desmotropy and pseudomerism are subdivisions of tautomerism. 

Desmotropy. — Compounds are designated desmotropic when the 
two forms can be separately isolated, or at any rate separately detected. 

Pseudomerism, — ^When only one form of a tautomeric compound 
is known, pseudomerism is spoken of. The other form {pseudo4orm) 
cannot be isolated and every test for its existence is unsuccessful. 
Here, one form yields by addition or substitution the derivatives of 
both forms. 

Desmotropic isomers are stable only in the solid state. In the 
liquid or gaseous form, or in solution, they change to an equilibrium 
mixture of the two, and form a so-called allelotropic mixture. 

Early references to various typos of tautouieric phenomena : P. Jacobson, 
Ber, 20 , 1732, footnote; 21 , 2(j2S, footnote: L. Kmrr, Aim. 303 , 133* 
Hantzsch, Ber. 20 , 2802 : 21 , 1754 : Forster, Ber. 21 , 1857 ; Michael, Bor. 27 , 
2128, footnote ; *J. pr. Chem. [2] 45 , 581, footnote : 46, 208. 

The most important class of substances showing tautomerism con- 

VOL, I. E 
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sists of compounds containing the grouping — CO*CH*CO — which 
readily changes to the grouping — C(OH) : C‘CO — , and the latter 
equally readhy to the former. 

If the usual name denotes the acid form, then that of the 
j ^^eudo-acid is prefixed by the word pseudo-^ as, for example, 

CH2*C(0H)=CH — CO'O is called tetronic acid, and 
CHaCO—CHa— COO 

is pseudo-tetromc acid. 

The system of nomenclature proposed by Hantzsch for pseudomeric 
substances (Ber. 38, 1000) appears to be most suited for its purpose. 
If the accustomed name refers to the weaker acid or neutral form, 
then the name of the real acid is characterized by the prefix aci-. 

Chisen was the first to show that, in the above example of the 
two tribenzoyl methanes, only compounds having the aci~ constitu- 
tion form salts direct ; the paeudo-ioim yields no salts, but gradually 
changes when in contact with bases, into the salt of the ad-form, e.g . : 
CeHs-CHa-NOa CoHj-CH : NOOH 

Phenylnltroniethane. art-Phenylnitroinothttne. 

Claisen designates the acidic e^o^form the a-compound and the 
neutral keto-iorm the d-body, e.g, : 

COCcHs 

1 

a-Tribenzoylmethane C 6 H 5 C(OH) =C — COCgHs 
COCoHs 

I 

j3-Tribenzoylmethane CgHjCO — CH — COCftHs. 

This reaction proceeds with a measurable velocity, affording 
thereby one of the criteria of a keto-enol tautomeric substance. 

The following methods have been used successfully in the estimation of the 
proportions of enol and keto forms in a mixture. 

1. Colorimetric estimation by means of ferric chloride (Ann. 291, 179: 
Ber. 44, 2726, 2772). 

2. Titration of the enol form with bromine (Ann. 380, 216) or thiocyanogon 
(Ber. 57, 928, 934). 

3. Titration of the enol with iodide-iodate (Ann. 335, 1). 

4. Estimation of the enol as copper salt (Ber. 54, 902). 

6. Physical methods : 

{a) Determination of the molecular refraction (J. pr. Chcm. [2], 60, 
119 : Ber. 38, 1668 : 44, 3514 : Ann. 415, 169), 

(6) Determination of the molecular magnetic rotation (W. H. Perkin, 
senior). 

(c) By the absorption spectra (Ber. 43, 3049 : 44, 1771). 

(d) Electrical conductivity (Ber. 33, 2912 : 39, 2089, 2265, 3149). 
Systematic investigation has shown that the equilibrium reached in a keto- 

enol tautomeric mixture is dependent upon : 

1. Temperature {Wislicenus, Ann. 291, 179) 

2. Constitution of the compound. The following table, gives the percentage 
of enol in various compounds (c/. also Ber. 45, 2843.: 55, 2470). 

Compound. Enol %. Compound. 

CHsfCOOEt), 0 CsHs-CO-CHs-COOEt . 

CH(COOEt)s 0-2 EtOCO-CO-CHj-COOKt 

CH,-C!0-CH,-COOEt ... 1-4 CH,-CO-CH.-CO-CH, . 

CH5<30-CHMe-C00Et . . 3-1 CH,-CO.CH(COOEt)8 • 


Erui^I ‘*0. 
29-2 
88 
76 
04 
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3. The nature of the solvent. The following table gives the enol percentage 
in about 3-5 per cent, solution. 


Solvent. 

Temp. 

Acetoacetic 

Ester. 

1 Benzoylacetic 
j Ester. 

I 

Acetyl - 
acetone. 

Water 


0-4 

0-8 

19 

Glacial acetic acid . . . . 1 

20 ^ 

5-7 

14 i 

74 

Chloroform 

20 *^ 

8-2 

i.^-:] 1 

79 

Ethyl alcohol i 

yo 

12-7 

26 i 

84 

Benzene 

i 20 ^ 

18 

31 i 

85 

Hexane 

1 20 '" 

48 

; 69 i 

92 


A relation exists between the solubility of the two desmotropic forms and 
their equilibrium (van ’t Hoff-Dimroth). The concentration of the two forms 
at equilibrium in a solution is equal to the ratio of their solubilities, multiplied 
by a constant G, which is a characteristic for each pair of tautomeric substances, 
and is independent of the solvent. 

GEnol , 

CKeto SkbIo 

As the equilibrium between two tautomeric substances is directly depen<lent 
upon the rapidity of transformation of ono form into the other, the above rela- 
tionship brings out a close connection between speed of isomerization and 
solubility (Ann. 377, 527 : 380, 229 : 399, 91 : Ber. 47, 826). 

It has already been mentioned that the salts of tautomeric com- 
pounds are always derived from the enol form. When these salts 
are treated with alkyl or acyl halides, a mixture of derivatives of 
both forms is produced, that of the keto form predominating, : 

CH 3 -C(ONa) : CH COOEt + Mel CHa-CO-CHMe COOEt -f Nal. 

Michael (J. pr. Chem. [2] 37, 473) explains this reaction by the assump- 
tion that in the reaction between the salt and the alkyl halide, two 
independent reactions take place simultaneously. One of these con- 
sists in a simple exchange, whereby the entering group occupies the 
same position as the metal atom it has displaced. The other consists 
in a previous addition of the alkyl halide to the sodium derivative, 
followed by splitting off of sodium halide, the entering alkyl group 
under these conditions taking up a position different from that of the 
metallic atom. For further consideration of this mechanism, see 
under acetoacetic ester and malonic ester. Michael’s view has recently 
been supported by Nef. (c/. lecture by Wislioenus, Z. angew. Chem. 
1921, 257). 

A number of other reactions of desmotropic compounds, such as 
their coupling with aromatic diazo compounds (Ber. 40, 2404, 4460 : 
41, 4012), their condensation with aldehydes and with p-nitroso- 
dimethylaniline are to be explained in a similar manner. Investiga- 
tions on the separate desmotropic compounds have shown that in 
these reactions the enol form alone reacts. The products are, however, 
derivatives of the keto form (Ann. 398, 49, 66). 

In a number of cases the transition from keto to enol form is not 
brought about merely by the migration of a hydrogen atom, but the 
opening or closing of a ring is also involved. The phenomenon is 
then described as ring-chain tautomerism. 
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An example of this given by Dimroth consists in the isomerization 
of the anilide of diazomalonic ester (I) to hydroxyphenyltriazole- 
carboxylic ester (II) 


CO 


/ 


NH 


MeOCO 


i/N 
■< II 
\n 


(0 


CaHs 

i 

C(OH)N 




-N 


(H) 


More recently the isomerization of the compounds (III) to the 
ring systems (IV) have been investigated by English workers. 


E\ yCO— CO2H 
(HI) 


B- 


Rk /CtOHjCOaH 

r/^ch-co„h 

(IV) 


(See J.C.S. 121, 1765 ; 123, 327, 1683, 2866, etc.) 

In all the cases which have been considered, the interchangeable 
isomers have belonged to two different classes of compounds with quite 
different chemical characteristics. There exist, however, substances 
which according to their mode of preparation should give rise to two 
forms belonging to the same class, but which have turned out to be 
identical with one another, as, for example, diazoamino-compounds, 
amidines, formazyl derivatives of the general type — 


/.NX 


NHX 


B<f and b / 

\3SrHY ^NY 


where R represents N in diazoamino bodies, CH in the amidines, and 
N : CH»N in the formazyl derivatives. This explains the absence of 
certain isomerism phenomena in pyrrole, and such azoles as pyrazole 
and triazole (see VoL III), and also in the ortho-di-derivatives of ben- 
zene (Vol. Ill, the Constitution of Benzene), etc. Attempts have been 
made to explain these phenomena by assuming oscillations of valences 
{Knorr, Ann. 279, 188) *, this is further complicated, in the case of 
pyrrole and the azoles, by the wandering of a H atom. For the 
phenomenon itself Briihl suggests the name Phasotropism (Ber. 27, 
2396), whilst V. Pechmann puts forward the term virtual tautmerism 
(Ber. 28, 2362). 

Chromoisomerism, Polychromy, Pantochromy. — Hantzsch 
designated by the term chromoisomerism the property first observed 
in the cases of pyridine, quinoline and phenylacridine, of forming 
with acids or alkyl halides, salts of different colour, which are in 
equilibrium with each other, and which are frequently mutually inter- 
convertible. When more than two differently coloured isomers occur, 
the phenomenon is referred to as polychromy or pantochromy. In 
addition to the compounds already mentioned, this type of isomerism 
also occurs among the dinitroparaffins, the nitro- and ^sonitroso- 
ketones (violuric acid), the nitroUc acids (ethylnitrohc acid) and other 
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compounds. In many cases the explanation can be found in a varia- 
tion of linkage, such as the following in the isonitrosoketones : 

— C(:NOH)-CO— — C(*NO) : C(OH)— . 

In these cases the phenomenon is simply due to tautoraerism. 

This explanation is insufficient in the case of polychromic com- 
pounds. In them, Hantzsch attributes the colour variations to the 
presence and differing activity of the subsidiary valencies (c/. Ber. 42, 
68, 966 ; 43, 82 : 44, 1783, 3290 : 50, 1204^ 1719 ; 52, 1544). 

Halochromy. — ^The term hahchromy (Baeyer) refers to the prop- 
erty of certain organic substances, themselves colourless or faintly 
coloured, to combine with acids or heavy metal salts with the forma- 
tion of highly coloured salts, without any appreciable structural 
change occurring. 

The classical example of this is triphenylcarbinol, a colourless 
compound which dissolves in concentrated sulphuric acid with a 
golden yellow colour. According to Baeyer’s view, this is due to the 
development by the central carbon atom of an ionized linkage, a so- 
called carhonium linkage, which he represented by a wavy line (Ber. 
38, 670 : 39, 2977). 

(C6H5)3C-0H (CeHfilsC— O-SO sH or [(CeH 5 ) 8 C]+ [O-SOsH]- 

Triphenylcarbinol Triphenylcarbinyl sulphate 

Colourless. Coloured,. 

More recent views (C. 1917, II. 357 : Wizinger, Z. angew. Chem. 
1927, 40, 939) attribute the development of halochromy to the weak 
attachment (partial valency) of the acid to the triphenylcarbinol or 
triphenylchloromethane as a molecular compound {q.v.). Through 
this unsymmetrical addition, a redistribution of valency takes place, 
leading to the development of a single strongly unsaturated central 
atom, denoted by the arrow, which acts as a strong chromophore. 

(CeH5)3C*Cl + A >• (CoH5)3C-C1 ... a 

The numerous highly coloured addition compounds of unsaturated 
ketones with halogen acids and heavy metal chlorides belong to the 
same class (c/. molecular compounds, p. 26) (c/. also Stobbe, Ann. 
370, 93, and the section on colour and constitution of organic 
compounds). 


PHYSICAL PROPERTIES OF THE CARBON COMPOUNDS 

The physical, as well as the chemical, properties of the carbon 
compounds are largely conditioned by their chemical constitution. 
A relationship between constitution and properties has been estab- 
lished for certain properties. The following physical properties are 
of importance for external characterization of a carbon compound : 

1. Crystalline form. 

2. Specific gravity. 

3. Melting point. 

4. Boiling point. 

5. Solubility. 
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The following properties are of importance in the determination 
of the constitution of carbon compounds. 

6. Optical properties ; 

{a) Colour (Absorption of light). 

(b) Refraction. 

(c) Dielectric constant. 

(d) Optical rotatory power. 

(e) Magnetic rotatory power. 

7. Electrical conductivity. 

8. Parachor. 

1. CRYSTALLINE FORM OF CARBON COMPOUNDS 

The crystalline form of a carbon derivative is one of its most im- 
portant distinctions, whereby a body may be recognized most definitely 
and differentiated from other substances {cf. P, Qroth, Chemische 
Kristallographie, Bd. Ill, Leipzig, 1910) ; so that the preparation of 
organic substances in the form of crystals and their examination has 
been of the greatest value in organic chemistry. The more com- 
plex the constitution of a substance, the less the symmetry of its 
crystals (Ber. 27, R. 843). The crysiallme form of isomeric bodies are 
always different. Many substances may assume two or more forms ; 
they are dimorphous^ polymorphous, but each is characterized very 
definitely by particular conditions of formation and existence. 

When it is possible for a compound to crystallize from the same solvent in 
different forms, only one can separate within definite ranges of temperature. 
The limit between these zones, the transition temperatursy is theoretically expressed 
by the point of intersection of the solubility curves of the two crystalline forms. 
It is only the one or the other form that can appear under normal conditions 
above or below this temperature. From a solution supersaturated as regards 
the two forms, it is possible by the introduction of one or the other form, to 
obtain each of the two kinds of crystals, and, indeed, both together, but only 
so long as the supersaturation continues. After that, one of the two forms 
will gradually dissolve and that one will remain which is the more stable at the 
temperature of experiment. The temperature of transformation varies for each 
solvent, and when impurities are present in the substances a greater or less 
variation in the temperature will occur, according to the degree of impurity. 

The existence and stability of a definite modification of a polymorphic sub- 
stance depends to a great extent on the temperature, of which the influence, how- 
ever, is not always the same. In the case of perchlorethane CjCle, rhombic, tri- 
clinic, and regular crystal forms are successively assumed during a gradual rise in 
temperature, whilst on cooling, the same series is passed through in reversed order. 
The change is said, therefore, to be reversible, and polymorphic substances of 
this kind are called enantiotropic {Lehmann). With other bodies, however, 
one modification may be labile and the other stable, so that the first form 
changes into the second, and not vice versa. As an example, ^;-nitrophonol 
CeH4(0H)N02 may be taken. On solidification from the molten state, or 
from a hot solution, it crystallizes in the colourless labile form. This, on standing, 
turns into the stable yellowish-red modification, which is quite different in its 
cleavage and optical properties from the first. It can also be obtained by crystal- 
lizing from a cold solution. Such substances, which undergo a change in one 
direction only, are called monotropic. In many cases, however, a rigid grouping 
of the numerous polymorphic organic bodies in one or other of the two groups is 
not always easy. For the assumptions necessary for the explanation of the 
phenomenon, see Zinche (Ann. 182, 244) B.nd Lehmann 'Molekularphysik, Leipzig, 
1888-89) ; Graham-Otto (Lehrbuch der Chemie, Vol. I, Part 3, p. 22, 1898). 

At the present time little is known about the inner connection between the 
crystalline form and chemical constitution of carbon compounds, but it has 
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been found, for example, that the slightest variation in chemical constitution 
does affect the amount of rotation exhibited by optically active compounds. Many 
such substances possess a hemihedral form, and the two optically active modi- 
fications of a carbon compound, although they exhibit the same geometrical 
constants, are distinguished by peculiar left and right types {etiantiomorphous 
forms) ; they are not superposable. The difference between two such com- 
pounds, in which the atoms are similarly united, is only due, according to the 
hypothesis of an asymmetric carbon atom (p. 37), to the difference in arrangement 
of the atoms within the molecule. From this it follows that this variation in 
arrangement finds expression in the crystalline form (comp. Ber. 29, 1692). 

Laurent, Nicklds, de la Provostaye, Pasteur, Hjortdahl (see F. N. Hdw. 3, 
855) investigated the influence that chemical relations of organic bodies exerted 
upon the geometrical properties of their crystals. This problem, however, first 
appeared in the forefront of crystallographic study after P. Groth introduced 
the idea of morphotrop^ (Pogg* Ann. 141, 31). By this term was understood the 
phenomenon of regular alteration of crystalline form produced by the entrance 
of a new atom or group in place of hydrogen. Groth, Hintze, Bodewig, Arzruni, 
and others frequently called attention to such morphotropic relations particularly 
with the aromatic bodies (comp. Physikal. Chemie der Krystalle von Andreas 
Arzruni, 1893). 

The view put forward by Bravais (1848), and later developed by Wiener, 
Sohncke and particularly by Schonfliess, that the structure of crystals can be 
based upon a regular space-lattice has meanwhile received experimental con- 
firmation, Pfeiffer, from the standpoint of the co-ordination theory, has arrived 
at the conclusion that there exists in crystals an absolutely regular arrangement 
of atoms or groups (Naturwissenschaften, 1920, 8, 984). 

For the elucidation of the fine structure of crystals, we are indebted to the 
methods of X-ray spectroscopy introduced and perfected by M. von Laue, W. H. 
and W. L. Bragg and P. Debye (c/. M. v. Laue, lecture, Ber. 50, 8 : Z. Krystallog. 
52, 68 : Physikal. Z. 18, 291). The investigation of the crystal structure of 
diamond and graphite (Physikal. Z. 18, 291), which according to Debye represent 
the fundamental types for aliphatic and aromatic compounds respectively, is of 
the greatest importance for organic chemistry. For the use of X-ray spectro- 
scopy in the determination of constitutional problems, see Ber. 61, 612. See 
p. 33 for references to the use of X-rays in the study of the configuration of 
carbon chains. 


2. SPECIFIC GRAVITY OR DENSITY 

By this term is understood the relation of the absolute weight of 
a substance to the weight of an equal volume of a standard body. 
Conventional units of comparison are water for solids and liquids, 
and air or hydrogen for gaseous bodies (see p. 13). 

Demity of Gaseous Bodies, — ^For these, as we have already seen, the 
relation of the specific gravity (gas density) to the chemical composi- 
tion is very simple. Since, according to Avogadro’s law, an equal 
number of molecules are present in equal volumes, the gas densities 
stand in the same ratio as the molecular weights. Being referred to 
hydrogen as unit, the gas densities are one-half the molecular weights. 
Therefore, the molecular volume, Le. the quotient of the molecular 
weight and specific gravity, is a constant quantity for all gases (at 
like pressure and temperature). Practical methods for repeated gas 
density measurements, see PoUitzer, Z. angew. Chem. 37, 459. 

Density of Liquid and Solid Carbon Derivatives, — ^In the liquid and 
solid states the molecules are considerably nearer each other than 
when in the gaseous condition. The size of the molecules and their 
distance from each other, which increases in different degrees with 
rise of temperature, are unknown, so that the theoretical bases for 
deducing the specific gravity are lacking. However, some regularities 
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have been established empirically, which, by comparison with the 
specific or molecular volumes, give the ratio of molecular weight to 
specific gravity. 

Kopp (Ann, 64, 212 : 92, 1 : 94, 237, etc.) considered that the 
molecular volume was a purely additive property obtained from the 
separate atomic volumes, but Lossen and his collaborators and other 
workers (Ann. 214, 81, 138 : 221, 61 : 224, 56 : 225, 249, 316 : 
243, 1) have not confirmed this. More recent investigations (Kauf- 
maim, Z. Elektrochem. 25, 343) have failed to find a simple relation 
between molecular volume and constitution : there appears to be a 
diminution of molecular volume of 2*56 per double linkage in un- 
saturated compounds or cyclic compounds (Chem. News, 116, 97), 

Herz (Z. physik. Chem. 101, 64) finds a relation between the 
molecular volume and molecular refraction at the boiling point of 
simple aliphatic compounds, the former being five times the latter. 


Schroeder determined the specific volumes of a number of solids (Ber. 10, 
848, 1871 : 12, 567, 1613 : 14, 21, 1607, etc.). 

In determining the specific gravity of liquid com- 
pounds, a small bottle — a pyknometer — is used, of which 
the narrow neck carries an engraved mark. More com- 
plicated apparatus, such as that designed by Briihl, 
based on Sprengel’s form, is employed where greater 
accuracy is sought (Ann. 203, 4) (Fig. 10). Descriptions 
of modified pyknometers will be found in Ladenburg’s 
HandwCrterbuch, 3, 238. A convenient form by 
Ostwald is described in J. pr. Chem. 16, 396. To 
obtain comparable results, it is recommended to make 
all determinations at a temperature of 20® 0., and refer 
these to water at 4® and a vacuum. If m represents 
the weight of substance, v that of an equal volume of 
water at 20®, then the specific gravity at 20° referred 
to water at 4® and a vacuum (with an accuracy of four 
decimals), may be ascertained by the following eciuation 
(Ann. 203, 8) : 

w.0-99707 , 

d'^ h 0-0012. 

V 

To find the specific volumes at the boiling tempera- 
ture, the specific gravity at some definite temperature, 
the coefficient of expansion and the boiling point must 
be ascertained ; with these data the specific gravity at 
the boiimg point is calculated, and by dividing the molecular weight by this, 
there results the specific or molecular volume. Kopp’s dilatometer (Ann. 94, 
257 : Thorpe, J.C.S. 37 , 141 ; Weger, Ann. 221, 64), is employed in obtaining the 
expansion of liquids. For a method of obtaining the direct specific gravity at 
^^^say (Ber. 12, 1024), Schiff (Ann. 220, 78: Ber. 14, 
*.76^, Schall (Ber. 17, 2201), Neubeck (2. physik. Chem. 1, 652), 

Kanonn^ow, as well as Kopp and his followers, employed the “ true density ” 
in his calculations, not the figure as found directly. This he took as being the 
reciprocal of Lorenz’s refraction constant, since, according to the Clausius and 
Mosotti theory, it constitutes the fraction of the total volume of a body which is 
actually occupied by the molecules themselves (C. 1899, H. 858 : 1901, 1. 1190). 



. 3. MELTING POINT 

Every pure compound, if at all fusible or volatile, exhibits a 
definite melting temperature. It is customary to determine this for 
the Characterization of the substance, and as a test of its purity. The 
melting point of a pure compound is not changed by recrystaUizirtion. 
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The slightest impurities frequently lower the melting point very con- 
siderably, and when foreign substances are present in larger amounts 
the melting point is irregular and not well defined — i.e. there is not 
a definite melting point. If two different substances have the same 
melting point, a mixture of them will show a considerably lowered 
melting point. The converse of this is of importance when establish- 
ing the identity of two bodies — ^the mixture must have the same 
melting point as each of the separate substances. Pressure influences 
the melting point to a very slight degree. 

In some crystalline carbon compounds a double melting point is 
observed. When heated, the substance first melts to a doubly refract- 
ing, turbid crystalline liquid ’’ (Lj), which becomes clear and isotropic 
at a higher temperature (Lo, the “ clearing point ”). On cooling, the 
reverse order of changes may be observed : 

b 

Solid crystals ^ “ Crystalline liquid ” ^ Amorphous liquid. 

The phenomenon apparently depends on chemical constitution, and is 
observed mainly in aromatic compounds, chiefly acids, acid esters, 
ketones, and phenolic ethers containing an azo- or azoxy- group. 
It is also shown by many cholesterol derivatives. (See Vortdnder, 
Kristallinisch fliissige Substanzen, Stuttgart, 1928 : Theory of liquid 
crystals, see Physik. Zeitschr. 9 , 708 : 10 , 32, 230 : 12 , 61, 837). 

Determination of the Meltinfj Point, — The most accurate method would be to 
immerse the thermometer in the molten substance ; this, liowever, would require 
large quantities of material [Landolt, Bar. 22, R. 038). 

Ordinarily, a small quantity of the finely pulverized material is introduced 
into a capillary tube closed at one end, which is attached to a thermometer, for 
instance, by a thin platinum wire, in such a way that the thermometer and capillary 
tube are on the same level. Alternatively, the substances may be pressed between 
two cover glasses (C. 1900, 1. 241). A beaker containing sulphuric acid or liquid 
paraffin is used to furnish the heat, which is kept uniform throughout the liquid 
by agitation wdth a glass stirrer. A long-necked flask, containing sulphuric 
acid, is sometimes employed, in which a test tube is inserted or fust'd : in the 
latter case it is necessary that the flask should be provided with a side-iubulure 
(Fig. 11) (Ber. 10 , 1800 ; 19 , 1971 : Am. Chern. J. 5, 337 ; C. 1900, II. 409). 
For other and more sensitive melting-point apparatuses, .see lionboi, Methoden 
der orgauischen Ghemie, 1921, Bd. I, 727 ficqq. 

When the mercuiy thread of the thermometer extends far above the surface 
of the bath, it is necessary, in accurate determinations, to introduce a correction, 
by adding the value n(T — i) 0-000154 to the observed point of fusion, where n 
is the length of the mercury column projecting beyond the bath expressed in 
degrees of the thermometer, T is the observed temperature, and t the tempera- 
ture registered in the middle of the projecting portion of the mercury column ; 
0-000154 is the apparent coefficient of expansion of mercury in glass (Bor. 22, 
3072 : Literature and Tables). After the melting point has been approximately 
determined with an ordinary thermometer a more accurate determination may bo 
made by introducing a shorter thermometer, divided into fifths, with a scale 
carrying a limited number of degrees (about 50'^). 

The lack of agreement b^peen the melting points of the same compound as 
determined by diSerent workers, is often sufficient to prevent identification. This 
is not so much due to the thermometers as to the manner in which the deter- 
mination is made. By rapid heating the mercury of the thermometer will not 
have time to assume the fusion temperature. In the region of the melting point 
the heat must be moderated so that during the course of the fusion the ther- 
mometer rises very slowly. Far more concordant figures might be obtained if 
a general use of short-scale thermoinetox*s w'ore adopted and the time agreed 
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upon for the mercury of the thermometer to rise through one degree of the scale 
during the observation. 

Determination of low melting points, using an air thermometer y see Ber. 26 , 
1052 : using a thermocouple, see Bor. 33, 637. 
Apparatus for melting points below — 100°, so© 
Ber. 50, 156. 

Determination of high melting points, see Ber. 
28 , 1629: 60 , 811: J. pr. Chem. 116 , 291 : at 
red heat, Ber. 27 , 3129. 

Melting point of coloured compounds, Ber. 8, 
687 : 20 , 3290. 

Regularities in Melting Points. — (1) In the case 
of isomers it has been observed that the member 
possessing the most symmetrical structure gener- 
ally shows the highest melting point ; for instance, 
among the aromatic series, para-compounds melt 
at a higher temperature than ortho- or wefa -com- 
pounds. (2) Of the alkyl esters of the carboxylic 
acids those with the methyl residue have a higher 
meltmg point than that of the next homologues 
(see oxalic esters). (3) In homologous series with 
like linkages the melting point alternately rises and 
falls (see saturated normal aliphatic mono- and 
dicarboxylie acids, Ber. 29 , R. 411 ; C. 1900, I. 
749). The members, having an imeveii number 
of carbon atoms, have the lower melting points 
{Baeyer, Ber. 10 , 1286). This is also true of acid 
amides having from 6 to 14 carbon atoms (Ber. 27 , 
R. 561), and for the normal primary diamines 
(C. 1900, II. 1063 : 1901, I. 610, etc. : Z. physik. 
Chem. 50 , 43). (4) In the case of the benzene 
nitro-compounds and their derivatives — the azoxy-, 
azo, hydrazo-, and amino- bodies — as well as the 
corresponding diphenyl compounds, it has been 
observed that as oxygen is withdrawn the melting 
point rises until the azo-derivatives are reached, 
when it descends to the amino-bodies ((?. Schultz, 
Ann. 207 , 362). To all these regularities among 
melting points there exist numerous exceptions [Qraham-Otto, Lehrbuch dor 
Chemie, Vol. I, part 3 (1898), p. 505 : Franchimont, C. 1897, II. 256). For 
the melting points of mixtures, see Ber. 29 , R. 75. 


4. BOILING POINT; DISTILLATION 

The boiling points of carbon derivatives, which are volatile without 
decomposition, are as important for the purpose of characterization as 
the melting points. In case of the latter the influence of pressure is 
so slight that it can be neglected, but the former vary very markedly 
when small changes in pressure occur. Hence in stating a boiling 
point accurately it is necessary to add the pressure at which it was 
observed. When the quantity of material is ample the boiling point 
is determined by distillation. For the determination of the boiling 
points of very small amounts of liquids, see Ber. 24, 2251, 944 : 19, 
795 : 14, 88 : Monatsh. 38, 219. 

Distillation under Ordinary Pressure. — ^For this purpose a special flask is 
employed, the long neck of which is provided with a side tub© pointing downwards 
at an angle. The neck of the flask is closed with a stopper, bearing a thermometer. 
It must not be forgotten that very frequently the vapours of organic substances 
attack ordinary corks or those of rubber, therefore the exit tube should be placed 
a considerable distance from the end of the neck ; or the neck may be narrowed 
at the upper end and the thermometer held in position by meajis of a piece of 
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india-rubber tubing passed outside it. The mercury bulb of the thermometer 
should be slightly below the level of the exit tube in the neck of the flask. The 
latter should be at least one-half filled with the liquid to be distilled. 

If the thermometer is not wholly immersed in the vapour, the exposed part 
of the scale will not be heated to the same temperature as that exposed to the 
vapour, hence the recorded temperature will be less than the true one. The neces- 
sary correction is the same as that which has already been given for the melting 
point. By using a shorter thermometer with a scale not exceeding 50°, which 
can be wholly surrounded by the vapour, the correction becomes unnecessary. 

In general, when the boiling point “ under ordinary pressure ” is recorded, 
it is understood to mean at 760 mm. of mercury. If the barometric column does 
not indicate this amount during the distillation, a second correction is necessi- 
tated (Ber. 20 , 709 ; Landolt-Boem stein, Tabellen, 5th edition, 1923, p. 177). 
To avoid this it is possible to adjust the pressure in the apparatus to the normal. 



for which purpose the regulators of Buntv (Ann. 168 , 139) and Lothar Meyer 
(Ann. 165 , 303) are suitable. 

Distillation under Reduced Attention has already been directed 

to the great variation in boiling points with variation in temperature. Many 
carbon derivatives whose decomposition temperature, at the ordinary pressure, 
is lower than that of their boiling points, can be boiled under reduced pressure 
at temperatures below the point at which they break down. Distillation under 
reduced pressure is often the only means of purifying liquids which decompose 
when boiled at the ordinary pressure, and which cannot be crystallized. This 
method is of primary importance in scientific research in the laborator5% and is 
largely used in technical operations. 

Distillation under reduced pressure of easily solidifying bodies has been 
facilitated by the introduction of flasks to which receivers are fused or ground 
in (Fig. 12). The thermometer is introduced into a thin-walled tube drawn out 


* Compare Anschutz and Reitter, Die Destination unter vermindertem Druck 
im Laboratorium, 2nd ed., 1895, Bonn. The tables in this book record the 
boiling points of over 400 inorganic and organic substances under reduced 
pressure. Qeorg TF. Kahlhaum, Siedetemperatur und Druck, Leipzig, 1885. 
Dampfspannkraftsmessungen, Basel, 1 893. Meyer Wildenmnn, Die Siedetemper- 
aturen der KSrper sind eine Funktion ihrer chemischen Natur (Ber. 23, 1254, 
1468). Tf. Nernst and A, Hesse, Siede- und Schmelzpunkte, Braunschweig, 
1893, Lechenherg, Theorie der gewinnung und Trennung der atherischon Ole 
durch Destination, Leipzig, 1910. 
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into a capillary, the other end of which is closed with rubber tubing and a clip. 
For most purposes a two-necked flask (so-called Claisen flask) is used. To prevent 
bumping, air, or, in the case of easily oxidized substances, an inert gas, is drawn 
through the capillary. 

For distillation at very low pressures, a Gaede pump (improved by Yohuvr^ 
Ber. 52, 804) backed by a water pump may be used. This rapidly reduces the 
pressure to 0-01 to 0-001 mm. See also Anschiitz, Ber. 59, 1791. 

A still simpler method of attaining very low pressures consists in the employ- 
ment of liquid air. A vessel, containing very finely divided pure blood-charcoal, 
or coconut charcoal, is interposed between the apparatus illustrated in Fig. 12 
and the air pump. On cooling it with liquid air the small amount of gas left in 
the apparatus condenses in the charcoal, and the pressure falls to a fraction 
of a millimetre. If the apparatus is filled beforehand with COg, the charcoal 
can be omitted (Ber. 38, 4149). 

For distillation under any desired pressure, the apparatus of Staedel (Ann. 
195, 218: Ber. 13, 839), and Schumann (Ber. 18, 2085), may be used. For 
mercury thermometers registering temperatures to 550®, see Ber. 26, 1815 ; to 
700®, Ber. 27, 470. 

Fractional Liquids having difierent boiling points can bo 

separated from mixtures by fractional distillation — an operation that is per- 
formed in almost every distillation. Portions boiling between definite tempera- 
ture intervals (from 1-10°, etc.) are collected separately and subjected to repeated 
distillation, those portions boiling alike being united. To attain a more rapid 
separation of the rising vapours, these should be passed through a vertical tube, 
in which the vapours of the higher boiling compound condense and flow back, 
as in the apparatus employed in the rectification of spirit or benzene. To this 
end there is placed on the boiling flask a so-called /mcifonafing column {Wurtz)» 
Excellent modifications of this have been described by Linnemann, Le Bel, 
Hempel, Young, and others. For the action of these “heads,” see Ann. 224, 
259 : Ber. 18, R. 101 : Ann. 247, 3 : Ber. 28, R. 352, 938 : 29, R. 187 : 43, 
419: Chera. Ztg. 37 , 1 441 . The action of these fractionating columns is increased 
if enclosed by a highly evacuated jacket (Ber. 39, 893, footnote). 

Relation of Boiling Point to Constitution.* — (1) Generally the boiling point 
of members of a homologous series rises with the increasing number of carbon 
atoms. (2) Among isomeric compounds of equal carbon content, that possessing 
the more normal structure boils at a higher temperature. The accumulation of 
methyl groups depresses the boiling point (Chem. News, 100, 293). It is note- 
worthy that the lowest boiling isomers possess the greatest specific volume (Ber. 
15, 2571). (3) XJnsaturated compounds boil at a higher temperature than those 
which are saturated. (4) The substitution of a hydrogen atom by a hydroxyl 
group raises the boiling point about 100°. 

The connection existing between the boiling points and chemical constitution 
of the compounds will he discussed later in the .several homologous groups. 

5. SOLUBILITY 

The hydrocarbons and their halogen substitution products are 
either insoluble, or only very slightly soluble, in water. They dissolve, 
however, very readily in alcohol and in ether, in which most other 
carbon derivatives are also soluble.f 

Ether, but slightly miscible with water, is employed to extract many substances 
from their aqueous solutions, separating funnels being used for this purpose. 


* On the connection between the boiling point and the chemical constitution 
of a substance, as known at present, see Graham ’Otto, Lehrbuch der Chemie, 
Vol I, part 3, p. 535 (1898) ; also Menschuikin, C. 1897, II. 1067. 

t For the regularities among the solubilities of isomeric carbon derivatives, 
consult Carnelley, Phil. Mag. [6] 13, 180 ; Carnelley and Thomson, J.C.S. 53, 801. 

For apparatus suitable for determining solubility, see F. Meyer, Ber. 8, 998, 
and Kdhler, Z, anal. Chem. 18, 239; Ber. 30, 1752. 

Solubilities of organic substances, see LandoluB^rmtein, Physik.-chem. 
Tabollen, 5. Aufl. 1923 ; Seidell, Solubihties of Inorg, and Org. Substances, 1920 : 
supplement, 1928 (New York). 
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The more oxygen a compound contains, the more readily soluble is it in water ; 
especially is this true when several of the oxygen atoms are present as hydroxyl 
groups.* 

The first members of homologous series of alcohols, aldehydes, ketones, and 
acids are soluble in water, but as the carbon content increases, the hydrocarbon 
character, in relation to solubility, becomes more and more evident, and the 
compounds become more and more insoluble in water. 

In addition to water, alcohol, and ether, other liquids are employed as 
solvents, such as carbon disulphide, chloroform, carbon tetrachloride, methylal, 
acetone, glacial acetic acid, ethyl acetate, benzene, toluene, xylene, aniline, 
nitrobenzene, phenol, etc. Light petroleum spirit, derived from American 
petroleum, is especially valuable ; it is composed of lower paraffins, and is often 
used to separate compounds from solvents with wdiich it is miscible, because 
very many organic substances are insoluble or dissolve with difficulty in it. 

The solubility of a compound is dependent upon the temperature, and 
is constant for a definite temperature. This means is frequently employed for 
purposes of identification. 


6. OPTICAL PROPERTIES 

(a) Colour. — The majority of organic compounds are colourless. 
There are, however, a large number of substances, particularly belong- 
ing to the aromatic series, which possess more or less intense colours, 
and some of which are of very great technical importance as colouring 
matters. Investigation has shown that there is a correlation between 
colour and constitution, and that the former depends upon the presence 
of certain groups in the molecules.f These groups, which are respon- 
sible for the colour, are designated as chromophoric groups (0. N, Wittt 
Ber. 9, 522). The most important chromophoric groups are the 
foUowing : >C : C<, >C : 0, >C : S, >C:NH, -CHiN-, •N(:0) : 

•N : N*, ‘N : 0, and -NOg. All clmomophoric groups are unsaturated : 
the development of colour is probably associated with the presence 
of free partial valencies in such niolecules. In this sense, the colour 
of organic compounds can be said to be due to the presence of “ co- 
ordinately unsaturated ” C, N or 0 atoms. ( Wermr : see later Pfeiffer, 
Dilthey,) The introduction of a single chromophore group is unable, 
with certain exceptions such as -N : 0 (Independent chromophores, 
Kauffmann) to lead to the development of colour. In general, com- 
pounds with a single chromophoric group merely develop an absorp- 
tion in the ultra-violet (Hartley). Aliphatic aldehydes and ketones, 
for example, show an absorption band between 2800 yy and 2700 pfi. 
With the introduction of several similar or dissimilar chromophoric 
grpups, the absorption is moved along to the visible part of the 
spectrum and the compound becomes coloured. The juxtaposition 
of chromophoric groups in the molecule, with the development of a 
system of conjugated double bonds, intensifies the unsaturated nature 
of the compound, and at the same time its colour (Ann. 384, 45), e.g. : 

CHa-CO-GHg-CO'CHa CHa-CO-CO-CHa 

CoIoutIpss. Coloured (Y'ollow). 

One of the most important combinations of chromophoric groups, 

* Of. also StaudingeVy Anleitmig zui* organischen qualifcativeii Analyse (Springer, 
1923 ). 

t H. Leyy Die Beziehung zwischen Farbe und Konstitution organischer Verbin- 
diingen, Leipzig, 1911 : H enrich, Theorien der organischen Chemie, Braunschweig, 
1924 . 



62 


ORGANIC CHEMISTRY 


which is responsible for many technical colouring matters, occurs in 
0- and p-benzoquinones. 


CH 

HCf/\c : O 

Jc:0 


HCW 


CH 


C:0 



o-Benzoquinono. 


p-Benzoquinonn. 


The colour of a compound containing a chromophoric group (such 
compounds are sometimes described as chromogens) is markedly 
intensified by the introduction of certain substituents such as hydroxyl 
or amino groups. These groups, which of themselves have no chromo- 
phoric properties, are termed auxochromes (c/. Chem. Ztg. 34, 1016). 
Opinions as to the mechanism of auxochromic action are divided 
(c/. Kmffmann, Die Valenzlehre, Stuttgart, 1911). The colouring 
matters of actual technical importance almost all belong to the 
aromatic series, and contain in addition to a chromophore, one or 
more auxochromic groups, which by virtue of their capacity for form- 
ing salts facilitate their fixation to animal or vegetable fibres. 

The quinhydrones exhibit remarkable colours. These are com- 
pounds formed by the union of a quinone with its dihydrogenated 
reduction product, a dihydric phenol. Quinhydrones invariably 
display a more marked colour than their related quinones. For 
example, the simplest quinhydrone, constituted by a molecule of 
(yellow) benzoquinone and a molecule of (colourless) hydroquinone, 
forms greenish-black crystals, with a metallic lustre. Quinones yield 
similar intensively coloured addition products with monohydric 
phenols, aromatic amines and hydrocarbons (Ann. 368, 277 : 404, 1). 
These compounds are more or less completely dissociated into their 
components in solution, and are to be regarded as molecular com- 
pounds, in which the second molecule is linked to the oxygen atom 
of the quinone by a co-ordinate link (Ann. 368, 287 : 404, 1 : Ber. 
46, 1843). Willstatter in the course of his investigations of Wurster’s 
red (see Vol. II) has shown that the meriquinoid system of the quin- 
hydrones (a benzenoid + a quinonoid nucleus) exists in many colour- 
ing matters (Ber. 41, 1465). The more or less coloured addition 
compounds of aromatic hydrocarbons, amines and phenols with picric 
acid, tetranitromethane and similar substances belong to this group. 
The halochromy of unsaturated ketones, i.e. their capacity to combine 
with acids and salts with the formation of deeply coloured labile, 
salt-like addition products should also be mentioned here ief P 
Pfeiffer, Ann. 376, 285 : 383, 92 : 404, 1 : 412, 53). The quinones, 
as a special class of unsaturated ketones, show the same property. 
The similarity of the various types of addition compound is demon- 
strated by the following formulae : 


C=0 CeHgOH 

OcH 

C-O . -CeHsOH 

O 

II 


CfiHs-OH ; CHv 

>C = 0 HX 
CeH.-CH ; CH/ 


R— N=0- CfiHe. 
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As an explanation of the intense colour of these molecular com- 
pounds, it may be considered that through the partial saturation of 
an oxygen valency by the addendum, free valencies are formed on 
the carbon atom of the carbonyl group, or nitrogen atom of the nitro 
group, and thereby develop in these atoms the character of a strong 
chroihophoric group (Ann. 376, 292 : 383, 92 ; 404, 1). The com- 
pounds are thereby represented similarly to the intensively coloured 
triarylmethyls, ArgC-- (Ann. 371, 1) and the metallic derivatives 
of the ketones, the so-called metal ketyls, RgC-OM (Ber. 46, 2840). 

Compounds of the type of triphenylcarbinol, (CeH 5 ) 3 C*OH, show 
particularly well-marked halochromy. It is probable that here, too, 
the development of colour is due to the formation of free partial 
valencies (Ann. 383, 121 : cf. Ber. 38, 570 : 39, 2977, and under 
halochromy, p. 53). 

According to Dilthey (J. pr. Chem. 109, 237) the development of 
an ionic link is of great importance as regards the colour of an organic 
compound. Phenyltolylnaphthylchloromethane is colourless, and dis- 
solves in cold benzene to form a colourless solution. On warming 
its solution in tetrachloroethane, acetic anhydride, etc., an intense 
violet colour is produced, due to the dissociation of the chlorine and 
the formation of an unsaturated central atom (chromophore) as 
follows : 


(CeH5)(C7H,)(C,oH,)CCl :^=> [(CeH6)(C,H7)(CioH,)C]+ [Cl]- 
Colourless. Coloured. 

The regularities in the colours of the salts of the di- and triphenyl- 
methane dyestuffs, the indigoid colouring matters, etc., can be viewed 
from the same standpoint : ‘‘ co-ordinatively unsaturated ’’ nitrogen 
atoms can be regarded as the cause of the deep colour, and the same 
holds for the oxazine, thiazine and azine colouring matters (J. pr. 
Chem. 109, 298 : Z. angew. Chem. 1926, 546 : 1927, 939). 

For the practical study of the absorption by compounds containing ehromo- 
phores, the method of graphic representation introduced by Hartley and 
developed by Baly, Bielecki, Henry, Weigert and others is of value. Ordinates 
are the thickness of the layer in millimetres, or for practical reasons, the logarithm 
of the thickness, for a solution of suitable concentration, the abscissae the 
frequencies (or sometimes wave-lengths). 

The following absorption curve of azobenzene is taken from Ber. 43 , 1189 : 
The curve shows that red azobenzene shows two well-marked absorption maxima : 
the strongest at a, frequency 3200, and clearly shown by a N/IOOOO solution, 
the weaker at 6, frequency 2200, and only shown by stronger solutions. Similar 
absorption curves are useful in showing constitutional differences, especially if 
one measures the absorption quantitatively as done by Bielecki and Henry 
(Ber. 45 , 2819 : 46 , 1304, 2596, 3627, 3650 : see also the numerous absorption 
curves in LayidoU-Bonwtein, Physikal.-chem. Tabellen, Erganzungsbd. 1927,437). 

The theory of light absorption has been developed by Lambert. According 
to him it can be represented by the following equation ; 

I Jo.e-Kd 

where Iq is the intensity of the incident light, and I the intensity of the emergent 
light, d the thickness, K a constant for the compound concerned, and e the basis 
of natural logarithms (2*71828...). The equation can be rewritten : 

= K.d or log ^ = k.d 

(where k = K/2‘3020 to convert to decimal logarithms). 
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Frequency 



The expression log = k.d is described as tho extinction. In the case of 
solutions the concentration is introduced 


Extinction = c = 


log ^ k.c.d. 


From this formula, Beer's law is deducible, which says that for equal absorption 
(c equal) the concentration is inversely to the thickness of the absorbing layer : 

Cl : C2 ; : iL : 

This law is the basis of colorimetry. 


Fluorescence. — The fluorescence of organic compounds is deter* 
mined by the presence of various fluorophoric groups in the molecule 
(B, Meyer, Ber. 31, 610 : 0. 1900, II. 308 : Chem. Ztg. 29, 1027 : 
Ann. 344, 30 ; Ber. 41, 2988, 4396 : Z. physik. Chem. 86, 30 : H. 
Kauffnuinn, Die Beziehiing zwischen Fluorescenz und chemischer 
Konstitution, Stuttgart, 1906 : Ann. 393, 1 : Ber. 54, 2492 : 55, 3911). 

(b) Refraction.*^ — ^The carbon compounds (like aU transparent 
substances) possess the power of refracting light to a varying degree. 
The refractive index {n) for homogeneous light passing from me&um 

* F. Eismlohr, Spektrochemie organischer Verbindungen, Stuttgart, 1912, 
ir. A. Roth and F. Eisenlohr, Refraktometrisches Hilfsbuch, Leipzig, 1911. 
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1 into medium 2, represents the ratio of the velocities of propagation 

Vx and ^^2 t)oth media ; ti = — . For single refracting media, in 

^2 

which similar optical behaviour is observed in all directions (a con- 
dition which is seldom found in crystals), n is independent of the 
direction of the incident light, so that if i and r are the incident and 
V siix i 

refractive angles n = ~ — , a constant for light of a definite 

sin r ® 

wave-length. 

In the determination of refractive indices, in order to obtain 
readily reproducible results, monochromatic light of known wave- 
length is used. The wave-lengths usually employed are sodium light 
(D line) and the three principal hydrogen lines Ha (red), H /3 (green) 
and (violet). The refractive index varies with temperature, and 
this must also be recorded : for example, indicates the refractive 

index for sodium light at 20° C. The values so determined are affected 
by dispersion, and it is not at present possible to calculate a refrac- 
tive index to eliminate the dispersion effect by any dispersion formula. 

The determination of refractive index can be carried out very 
rapidly, with a small quantity of liquid, by the use of the Abbe or 
Pulfrich refractometers, or a Zeiss refractometer (Z. physik. Chem. 
18 , 294 : Ber. 24 , 286). 

Specific Refractive Power. — ^The refractive index {n) varies with the 
temperature, consequently also with the specific gravity of the liquid. 

Their relation to each other is approximately expressed by the 
equation : 

n — 1 71® — 1 1 

— T— — const. or = const.* 

d w® + 2 ci 

(Gladstone’s formula). (Lorenz and Lorontz’s formula), 

n-formula. 7i®-lorimila. 

where d is the sp. gr. of the liquid, determined at the same tempera- 
ture as the refractive index. The constant remains practically 
unchanged for any temperature. 

Molecvlar Refractive Power or Molecular Refraction is the specific 
refractive power of a substance multiplied by its molecular weight 
It is represented by [i2(?] or [Rz], accordmg to whether Gladstone’s 
or the ?^®-formula is adopted : 

It is immaterial which of the two formulae is employed in the 
examination of stoichiometrical questions, so long as liquid substances 
are referred to. 

The Gladstone formula gives values which fall with rise in tem- 
perature, whereas with the Lorenz-Lorentz formula, values tend to 
rise. At the present day the is used almost exclusively. 

The molecular refraction of a liquid carbon compound is equal to 
the sum of the atomic refractions r, r\ : 

[R] = ar + br' + cr", 

* Graham-Otto, Austuhrliches Lehrbuch der Chemie, Bd. I, 3 Abt., p. 567 
(1898) : H. A. Lorentz, The Theory of Electrons, Leipzig, 1909 : Euchm, 
Onindriss der physikalischexi Chemie, Leipzig, 1922. 

VOL. I. F 
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in which a, 6, c, represent the number of elementary atoms in the 
compound. The atomic refractions of the elements are deduced from 
the molecular refractions of the compounds obtained empirically, in 
the same manner as the atomic volumes are obtained from the mole- 
cular volumes. Only the univalent elements have a constant atomic 
refraction ; that of the polyvalent elements, e.g, oxygen, sulphur, 
carbon, is influenced by their manner of union. 

This is seen in the rise in the molecular refraction by a constant quantity, 
amounting to 1*733 in the ease of the /i^-formula, for each double bond* A 
treble bond possesses the value of approximately 2*398 : these values are 
referred to as “ increments,^^ 

The following table gives the atomic refractions for various atoms calculated 
from numerous observations by Eisenlohr (Z. physik. Chem. 75, 685 : 83, 429) : 




H«- 

D. 



Carbon (single bond) .... 

C 

2*413 

2-418 

2*439 

2*466 

Hydrogen 

H 

1*092 

MOO 

1*115 

1*122 

Oxygen (carbonyl) .... 

0" 

2*189 

2*211 

2*247 

2-267 

Oxygen (ether) 

0< 

1*639 

1-643 

1*649 

1*662 

Oxygen (hydroxyl) 

O' 

1*522 

1-525 

1*531 

1*541 

Chlorine 

Cl 

6*933 

5-967 

6*043 

6*101 

Bromine 

Br 

8*803 

8-865 

8*999 

9*152 

Iodine 

I 

13*757 

13-900 

14*224 

14*251 

Double bond 


1*683 

1*733 

1*824 

1*893 

Triple bond 


2*328 

2-398 

2*506 

2*538 


The atomic refractions of sulphur and nitrogen vary enormously according 
to the mode of linkage of these elements (Z. physik. Chem. 79, 129, 481 ; 
Ann. Chim. et Phys, [8] 25, 529 : J.C.S. 101, 1259). Chlorine shows a higher 
refractivity in acid chlorides than in alkyl chlorides (Ber. 45, 2781). 

The molecular refraction calculated from the observed density and 
refractive index can be compared with that calculated by addition 
from the various atomic refractions given in the above table. By 
this method important evidence as to the mode of linkage, of the 
atoms in an organic compound can be obtained. Thus, for example, 
the molecular refraction of benzene which is 5-2 {3 X 1-733) units 
higher than that calculated for lends support to the existence 

of three double bonds in the benzene nucleus. 

In many tautomeric (desmotropic) compounds (see p. 48) the 
determination of the molecular refraction enables a decision to be 
arrived at as to whether the enol- or keto-form is being dealt with, 
or the proportions of each when they exist together (J. pr. Chem* 
[2], 50, 119 : Ber. 38, 1868 : 44, 3514). 

More recent investigations of Briihl (Ber. 40, 878, 1173: 41,3712) 
and of V. Auwers and Eisenlohr (J. pr. Chem. [2] 82, 65 : 84, 1, 37 : 
Ann. 387» 165, etc.) have shown that even more subtle structural 
differences in the molecule influence the molecular refraction. For 
example, compounds with systems of conjugated double bonds (p, 28) 
almost invariably show a higher molecular refraction than that cal- 
culated from the above table, even when allowance has been made 
for the existence of the double bonds in the calculation. This excess 
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in the molecular refraction over that calculated is designated by 
Briihl the exaltation. This value, unlike the increment due to isolated 
double bonds, is not a constant quantity, but increases with increase 
in the molecular weight of the compound. To obtain comparable 
values for the exaltation, a device of v. Auwers and Eisenlohr is used, 
the observed exaltation being divided by the molecular weight and 
multiplied by 100. The value so found is designated the specific 
exaltation and is denoted by the symbol ESr, the actually observed 
exaltation being denoted by EMr (Ber. 43, 806). 

Another value frequently used in attacking constitutional problems 
is the molecular dispersion. This is the difference between the mole- 
cular refractions for light of two different wave-lengths. In practice 
hydrogen light is usually used and the lines Ha and Hy used. The 
molecular dispersion is then given by the formula 

TT? 1 - rp 1 

[i2i]Hy ^2 na* + 2/ d ‘ 

Here also the observed values can be compared with the calculated. 
If the observed value exceeds the calculated, the term dispersion 
exaltation is used, and where less than calculated the term depression. 
For comparative purposes, the actually observed dispersion is not 
usually used, but the observed dispersion expressed as a percentage 
of the calculated (Ber. 43, 806). 

The development of exaltation is connected intimately with the 
constitution of the compound concerned as shown by the investiga- 
tions in particular of v. Auwers and Eisenlohr (Ber. 43, 806, 827 : 
J. pr. Chem. [2] 82, 66 : 84, 1 : Ann. 387, 165 : 409, 149 : 410, 287 : 
413, 253 : 415, 98, 169). 

If both refraction and dispersion show exaltations, the compound 
has either 

{a) a semicyclic double bond, 

{h) a c 2 /cZopropane or cycZobutane ring, 

(c) an undisturbed conjugated double bond. 

At times, however, the findings are disturbed by the accumulation 
of substituent groups. 

Ring closure of olefinic compounds (dienes and trienes) to ring 
compounds is always associated with a diminution of the specific 
exaltation (Ann. 415, 98). 

(c) Dielectric Constant. — ^The electrostatic force by which two electrified 
bodies affect one another varies “with the nature of the insulating dielectric 
medium ” which separates' them. Taking air as unity, the measurement made 
with another substance \mder similar circumstances gives the dielectric constant 
of that medium. This value, usually indicated by e, has been taken for a large 
number of carbon compounds ; * for example 


s £ 

Gases and vapours, about . . 1*0 Fatty acids, about . . . 2-6-7 *0 

Liquid hydrocarbons . . . 2 -0-2*5 Fatty acid esters .... 5-9 

Carbon disulphide .... 2*6 Fatty alcohols .... 16-35 

Ethyl ether 4*5 Water 80 


* On the method of measurement for chemical purposes, seeiV"eni«^,Z,physik, 
Chem, 14, 622 ; 24, 21 : Wied. Ann, 57, 215 : 60, 600 : Drude, Z. physik. 
Chem. 23, 267. 
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The electromagnetic theory of light is based on the fundamental principle 
that light and electromagnetic waves are of the same nature, differing from one 
another only in length. The refractive index for an infinitely l^g wave can 
be closely connected to the dielectric constant, by the relation Ve = na* The 
determination of the dielectric constant thus supplies directly a value for the 
refractive index free from dispersion, analogous to the Lorenz formula (p. 1)5 ). 

M . ^ - 7-4 • ■"/ = const.* 

6 -f 2 d 

The values obtained in investigations so far carried out have not led in 
general to a good correspondence with those derived by optical methods, whilst 
the optical molecular refraction measurements show an additive character (at 
least for compoimds of similar constitution), the values obtained by electrical 
methods are influenced by insignificant differences in constitution of each sub- 
stance (C. 1 9 1 1 , 1. 953). in this ease there is no possibility of calculating “ atomic 
refractions,*’ but rather to trace and disclose differences in constitution by elec- 
trical means, for which purpose it is of great assistance. Under certain circum- 
stances the attendant phenomenon of anonmloiis electrical absorption is to be 
observed, i.e, the partial change of electrical into heat energy. Almost all the 
non-conducting carbon compounds which give rise to this absorption contain 
the hydroxyl group. On this observation is based a method of detecting and 
demonstrating the mutual change of keto- and enol- forms {DrudCf Ber. 30, 940 ; 
Z. physik. Chem. 23, 308, 318). Further progress in this investigation will 
doubtless yield important results. 

The vapours of many groups of aliphatic and specially aromatic bodies 
absorb Tesla currents at ordinary pressure and change them into light waves. 
Such substances, for example, are the primary aromatic amines, and the simple 
aliphatic aldehydes and ketones. In the latter case the keto- group seems to be 
the vehicle of the luminescence, at any rate neither the vapours of paraldehyde 
nor of acetaldehyde become illuminated (H. Kauffmann, Ber. 35, 473). 


(d) Optical Rotatory Power .f Rotation of the Plane of Polariza- 
lion by Liquid or Dissolved Carbon Compounds. — Biot, in 1815, observed 
that many naturally occurring bodies such as the sugars, the terpenes, 
and camphors, were capable of rotating the plane of polarized light. 
He also showed, in 1817, how the vapours of turpentine also deviated 
the plane of polarization, and concluded that this power was a property 
of chemical molecules. Such bodies are termed optically active com- 
pounds. 

Specific Rotatory Power [a]. — ^The angle of rotation a is proportional 
to the length I of the rotating column (usually expressed in deci- 
metres) ; hence the expression ^ is a constant quantity. To compare 

substances of difierent density, in which very unequal masses may 
be contained in this column, they must be referred to a like density, 
and hence the rotation must be divided by the sp. gr. of the sub- 
stance at a definite temperature. The expression 



is called the specific rotatory power and is designated by [aln when 
the rotation is referred to the yeUow sodium line D. For solid, 


*I^ndoU midJahn, Z. physik. Chem. 10, 289. See also Qraham>Otto, Lehrb. 
der Chemie, I. part 3, p. 660, 1888. 

t Lan^ltf Das optische Brehungsverm gen organischer Substanzen und 
dw practische Andwendung derselben, 2nd edition, Braunschweig, 1898. Walden, 
Ueber das Brehungsvermagen optiach aktiver KOrper, Ber. 38, 346. 
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active substances, in an indifferent solvent, the equation employed is 
100a , , 100a 






M 


u 


where p represents the quantity of substance in 100 parts by weight 
of the solution, c the weight of substance in 100 o.c., and d represents 
the specific gravity of the latter. 


This specific rotatory power is constant for every substance at a definite 
temperature ; it varies, however, with the latter, and, in the case of solutions, 
with the nature and quantity of the solvent. So much is this the case, that 
under various conditions the angle of rotation for one and the same substance 
can become zero or even change in sign. Therefore, in the statement of the 
specific rotatory power of dissolved substances the temperature and percentage 
strength of the solution are always given as well as the nature of the solvent. 
In many cases the addition of substances such as salts, etc., causes a change 
in the rotation. Such active bodies, including tartaric acid, malic acid, mandelio 
acid, and others, which contain an alcoholic hydroxyl group, are powerfully 
influenced by the addition of alkali borates, molybdates, tungstates, and uranates. 
The phenomenon depends apparently on the formation of complex combinations 
(Ber. 38, 3874, etc.), and can sometimes be used to increase the rotation of active 
substances, of which the rotatory power would otherwise be too small to be 
measured alone, either on account of specific value being insignificant or because 
the solution employed is too weak. (See Landolt^ loc, cit. p. 220 : WaldeUf 
Ber. 30, 2889.) 


Mutarotation is the term used to denote the phenomenon first 
observed by Dubrunfaut in 1846 of an alteration of the initially 
observed rotation of a compound. The rapidity with which a solution 
reaches its constant end- value is markedly influenced by the H- and 
OH-ion concentration of the solution. The phenomenon depends 
upon an isomeric change taking place in the solute. 

Numerous investigations have been made in studying the relation 
between constitution and the magnitude of the optical rotatory power 
(Walderii Lecture, Ber. 38, 355 : Bupe, Ann. 327 to Ann, 409). 
The action on polarized light appears to be conditioned by the same 
constitutional influences as those affecting the molecular refraction. 

In the case of compounds containing several asymmetric carbon 
atoms, particularly the sugars, the investigations of C. S. Hudson 
have produced methods by which the contribution of the various 
individual asymmetric atoms can be calculated, and from this the 
specific rotatory power of compounds for which it is unknown, can 
be prophesied (J.A.C.S. 32, 338 : 33, 405 : 39, 462 (phenylhydrazides) : 
40, 813 : 41, 1141 (amides of sugar acids). 

Molecular rotatory power is the product of the specific rotatory 
X)ower [a] and the molecular weight M, for convenience to avoid 
very large figures, (Jivided by 100. It is represented by [Ml or Jf[<x] 

Mor 

The most convenient apparatus for the measurement of optical rotation are 
described in the monograph of Landolt previously referred to (footnote, p. 68) 
or in Houhen^ Arbeitsmethoden, Bd. I, p. 848 (1921). Apparatus for the use of 
small quantities of liquid, see Monatsh. 29 , 333 ; Ber. 44 , 129. 

In 1848 Pasteur demonstrated that in optically active substances, such as 
tartaric acid and its salts, the rotatory power is intimately connected with the 
crystalline form, and is usually connected with the presence of hemihedral faces. 
Pasteur considered the asymmetric structure of the molecules of optically active 
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carbon compounds to be the cause of their remarkable action upon polarized 
light. 

According to the theory of van ’t Hoff and Le Bel, the activity of the carbon 
compounds is dependent upon the presence of asymmetric carbon atoms or on the 
asymmetric arrangement of atoms attached to a carbon skeleton in space (p. 38). 

Most optically active carbon compounds contain one or more asymmetric 
carbon atoms : compounds are, however, known whose optical activity is 
due to asymmetric nitrogen or other atoms. However, there are many com- 
pounds containing such atoms, which, when they exist as liquids, or when 
in solution, have no effect upon polarized light. This is true when two molecules 
of opposite but equal rotatory power unite to form a molecule of a physical, 
polymeric compound, e.g, inactive lactic acid, inactive malic acid, inactive 
asparagine, inactive aspartic acid, racemic acid, etc. ; also, when the half of a 
moleetde neutralizes the rotation produced by the other half, as in we^otartaric 
acid. 

It has also been shown that in the conversion of optically active bodies into 
their derivatives the activity continues so long as the latter contain asymmetric 
carbon atoms ; when the asymmetry disappears, the derivatives become inactive. 
The two active tartaric acids yield two active malic acids ; active asparagine 
yields active aspartic acid, active malic acid, etc., whilst the symmetrical succinic 
acid that is obtained by further reduction is inactive. 

By the transposition of two substituents on an asymmetric carbon atom it 
is theoretically possible to reverse the optical activity of a substance, and this 
has been carried out practically in the case of wopropylmalonamic acid, the 
d-acid being converted into its enantiomorph by a series of reactions by which 
the COOH and CONH2 groups were interchanged (Ber. 47, 3181). 

If different groups containing asymmetric carbon atoms are introduced into 
a molecule, their optical activities are cumulative and the resultant rotation is 
the sum of the individual rotations (Guye^ Compt. rend. 119 , 953 : 120 , 632 ; 
121 , 827 : 122 , 932 : Walden, Z. physik. Chem. 17 , 721 : c/. however, Rosanoff, 
Z. physik. Chem. 56, 565). 

By changes in one of the substituent groups on an asymmetric carbon atom, 
as for example by introduction of an ethylenic linkage or ring-formation or 
change of an alkyl group (Compt. rend. 136 , 1222 : 140 , 1205 : J.C.S. 99 , 218 ; 
105 , 2226 ; Ann. 402 , 149) or by alkylation or acylation of NH- or OH- 
groups (Ber. 34 , 2420 ; J.C.S. 87 , 864) the rotatory power is frequently greatly 
altered. A general relation between the magnitude of the rotation and the nature 
of the groups attached to an asymmetric carbon atom has not yet been evolved. 

Walden Inversion*^ — ^In certain cases it is possible by a series of 
reactions to change one optically active substance into its mirror 
image. For instance, ethyl (— )-malate f yields with PCI 5 ethyl 
(-l-)-chlorosuccinate : (+)-ehlorosuccinic acid with silver oxide yields 
(+)-inalic acid. By a similar series of reactions, ethyl (+)-nialate 
can be made to yield (— )-malic acid. If, however, the replacement 
of the halogen is carried out by potassium hydroxide instead of silver 
oxide, reversal of rotation occurs and (-|“)-chlorosuccmic acid yields 
(— )-malic acid. These relationships are expressed in the following 
diagram : 

AgaO 

(— )-Malic acid -< ( — )-Chlorosuccmic acid 

PCI5 If KOH KOH If PCI, 

(+)-Chlorosuccinic acid > (4-)-Malic acid 

This transformation was first discovered and invefstigated by 
Walden (Ber. 29, 132 : 32, 1833, 1855) and is therefore known as 

♦ P. WcMm, Optische XJmkehrerseheinungen (Waldensche ITmkehrung) 
Vioweg, Braunschweig, 1919, 

fThe signs (-f) and (— ) denote the actual direction of optical rotation of 
the compound. 
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the Walden Inversion, Other examples of the transformation of 
optical antipodes have been investigated more recently, such as the 
conversion of optically active a-aminoacids into the a-halogen fatty 
acids by E. Fischer and his co-workers (Ber. 45 , 2447 : see also 
McKenzie, Clough et al., J.C.S. 93 , 811 : 97 , 121 : 103 , 687 : Frank- 
land and Garner, J.C.S. 105 , 1101). 

It must be understood that a mere alteration of the direction of 
rotation as a result of a chemical reaction is in no sense evidence 
that a Walden inversion has occurred, and it cannot therefore be 
decided, without further information, at which stage in the above 
cycle the actual inversion occurs.* 

The stereochemical significance of the Walden inversion is that 
two groups attached to the asymmetric carbon atom have exchanged 
places. We can assume, for example, that the inversion occurs in 
the reaction between potassium hydroxide and chlorosuccinic acid, 
whereby the entering OH group does not occupy the same position 
as the halogen atom it has displaced. This can be represented by 
projection formulse as follows : 

COOH COOH 

I KOH I 

H—C— Cl ^ HO— C— H 

I I 

CHs-COOH CH^-COOH 

There occurs, therefore, in the Walden inversion an anomalous 
substitution and it has been attempted to explain it by the assump- 
tion that there is a primary addition product of the reacting substances, 
which then breaks down to yield the final products (Ann. 381 , 123 : 
386 , 65, 374) : the occurrence of this reaction is, however, irregular, 
and cannot be influenced experimentally. Emil Fischer summarizes 
the Walden inversion as follows : “ If substitution occurs at an 
asymmetric carbon atom, we do not know to which stereochemical 
series the product will belong ” (c/. also Walden, Lecture, Ber. 58 , 237). 

Asymmetric compounds synthesized from inactive compounds are 
inactive. This is because the two optical antipodes have the same 
energy content and are each equally likely to be formed in a chemical 
reaction. A so-called ''asymmetric synthesis,'' i.e. the formation of 
an optically active substance from an inactive without intermediate 
formation of a racemic compound has been carried out, but hitherto 
only with the assistance of another active compound or an enzyme. 
For example, an active mandelonitrile is obtained from benzaldehyde 
and hydrogen cyanide under the catalytic action of quinine or quini- 
dine (Biochem. Z. 46 , 7 : see also Ber, 37 , 1368 : 41 , 752 : Z. physik. 
Ghem. 73 , 25 : J.C.S. 95 , 544). As regards the formation of active 
substances in living organisms, there is at present no explanation of 
the initial production of an optically active substance in plants (c/, 
Ber. 42 , 141 : Biochem. Z, 52 , 439 : Ber. 53 , 119). 

Racemic Bodies. — ^The typical substance, racemic acid, has given its name to 
all similar inactive mixtures of the two optical antipodes. The racemic sub- 
stance differs from its components also in that it forms crystals which do not 
give rise to enantiomorphic modifications. The density of the racemic body is 


* Explanation of this cycle, see Ber. 61 , 509. 
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generally, but not invariably, greater and its solubility less than the corresponding 
active substances, similarly there is no general rule for the relative position of 
the melting point. 

When the crystalline form of an inactive substance cannot be observed with 
accuracy, as often happens, and when at the same time, the melting point lies 
lower than that of either of the optically active components, then doubt may 
arise whether it is a true racemate or a mixture of equal quantities of the optical 
antipodes. A variety of tests can bo applied. The melting point may be taken 
after a small quantity of one of the active components has been added to the 
inactive substance. The composition may be determined, as well as the optical 
behaviour, of a saturated solution of the inactive body as compared with that 
of a mixture of the inactive and one active substance. If the addition of the 
active body causes a lowering of the melting point of the inactive substance, 
a change in the concentration and in the optical activity of the saturated solution, 
then the substance is a racemic one ; if, on the other hand, the melting point 
rises, and the concentration and inactivity of the solution are unaltered, then 
the inactive body is a mixture. 

The formation of a racemic substance is dependent on the temperature. 
Above or below its trayisition temperature the body may be a racemic body or 
an enantiomorphic mixture. The results of the above experiments hold good, 
then, only for the particular temperature at which they are carried out, and a 
series of experiments over a wide range of temperature is necessary to obtain 
a complete insight into the matter. 

These practical tests are, in part, the direct result of the considerations on 
heterogeneous equilibria as put forward in Gibb*s phase rule (vayi H Hoff^ Ber. 31 , 
528 : Ladeyihurg, Ber. 32, 1822 : Roozehoomf Z. physik. Chem. 28, 494, etc. 
Also Ber. 33, 1082). 

Pseudo-racemic mixed crystals, although inactive, possess the form of the 
active modifications, without, however, the hemihedric faces (J.C.S. 71, 889: 
75, 42). 

Besohtion of Inactive Carbon Compounds into their Optically Active 

Components 

The synthesis of optically active carbon compounds is easily 
realized by direct methods, because it is possible to separate the 
dexiro- and ?a3?;o-rotatory components in an inactive molecule. The 
following methods, 1, 2, and 5, were employed by Pasteur (1848) 
in his study of the racemates and racemic acid. This classic investi- 
gation supplies the firm experimental basis for the theory of stereo- 
chemistry or the space chemistry of carbon (p. 36). 

Method 1, based upon resolution by crystallization . — The substance 
itself, or its derivatives with optically inactive compounds, is crystal- 
lized at varying temperatures and from various solvents. In the 
case under consideration it is possible to separate two substances 
showing enantiomorphous hemihedrism by actually picking out 
Ihosc crystals exhibiting the particular forms. Thus, from a solu- 
tion of sodium ammonium racemate below 28"^ homihedral crystals 
of sodium ammonium dextro- and Zcez;a-tartrates can be obtained 
(Ber. 19, 2148). 

Method 2, dependent upon the formation of compounds with optically 
active substances.— 'Fa&ieuv succeeded in separating d- and Z-tartaric 
acids through their quinicine and cinchonine salts. This was because 
these, being no longer enantiomorphous, were distinguished by their 
varying solubility, and so could be very easily separated from each 
other. 

Ladenburg first used the latter method to resolve inactive bases 
by forming salts of the latter with an active acid. It was thus that 
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he decomposed synthetic inactive coniine (a-7i-propylpiperidine) by 
means of d-tartario acid into its active components, and completed 
the synthesis of the first optically active vegetable alkaloid — coniine — 
which occurs in hemlock [q^h). 

Camphorsulphonic acid and chloro- and bromocamphorsulphonic 
acids are of great value for this purpose. 

The resolution of symmetrical dimethylsuccinic acid by the use 
of active triethylenediaminecobalti-compounds is worthy of mention 
(Ber. 46, 3229). 

The resolution of racemic substances is not always immediately 
effected by their combination with optically active compounds : 
sometimes the optically active substance combines with the racemic 
substance to form a semi-racemic compound which only decomposes 
into the two active components at a particular temperature {Laden- 
burg, Ber. 31, 1969 : 32, 50). 

Method 3, based on the formation of esters or amides between racemic 
and optically active substances. — Racemic mandelic acid can be 
partially turned into the Z-menthol ester, whereby the residue con- 
sists of an excess of Z-mandelic acid. If Z-quinic acid be heated with 
rac, a-phenylethylamine, the dextro-rotatory acid, which does not take 
part in the amide formations, remains behind (Ber. 38, 801). 

Method 4. — Enzymes, su'ch as maltase or emulsin, decompose 
racemic glucosides by hydrolysing one component {E, Fischer^ Ber. 
28, 1429). 

Method 5. — On introducing some suitable fungus such as PenicilUum 
glxmcum into an aqueous solution of an inactive mixture, capable of 
resolution, one modification of the mixture will be destroyed during 
the life-process of the fungus ; thus racemic acid yields Z-tartaric 
acid, inactive amyl alcohol yields d-amyl alcohol, dZ-methylpropyl- 
carbinol yields Z-methylpropylcarbinol, dZ-propylene glycol yields 
Z-propylene glycol, etc. 

One fungus may leave an optical modification untouched which 
another may destroy. PenicilUum glaucum or Bacterium termo wiU 
leave cZ-mandelic acid from the synthetic inactive racemic acid, 
whilst Saccharomyces elUpsoideus or Schizomycetes leave the Z-acid un- 
touched. For the literature of the resolution of racemic compounds, 
see Landolt, Optisches Drehungsvermogen, etc., 2nd edition, p. 86, 
1898. 

Carbon compounds, in which an asymmetric atom is not present, 
cannot be decomposed by these methods (Ann. 239, 164 : Ber. 18, 
1394). 

Similar methods enable the resolution of racemic compounds con- 
taining asymmetric nitrogen, phosphorus, sulphur, etc., atoms to be 
efiected. 

Conversion of Optically Active Substances into their Optically Inactive 

Modifications 

Whilst soluble salts of optically inactive, resolvable carbon com- 
pounds may be resolved by crystallization under proper conditions 
of temperature, many others reunite to form a salt of the inactive 
body, especially if the latter dissolves with difficulty. Solutions of 
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calcium Imvo- and c^cx^ro-tartrates when mixed yield a precipitate of 
calcium dl^I-tartrate, which dissolves with difficulty. The free, optically 
active modifications unite, as a rule, very easily when mixed in solu- 
tion, to form the inactive decomposable modification, e.g. and 
^-tartaric acid yield racemic acid. The esters of these acids behave 
in a similar manner : Z- and d-tartaric methyl esters unite directly 
and in solution to form racemic methyl ester (Ber. 18, 1397). Also, 
in energetic reactions, or when heated, the active varieties rapidly 
pass into the inactive forms, e.g, dl-tartaric at 175° yields racemic 
acid, and at 165° mesotartaric acid. At 180° cZ- and Z-mandelic acids 
pass into inactive mandelic acid. Some optically active halogen 
substitution products of carboxylic acids undergo auto-raoemization, 
even at ordinary temperatures (Ber. 31, 1416). 

Compounds containing the grouping are particularly easily 

racemized under the action of alkaline reagents, the phenomenon being referred 
to the tendency of compounds of this typo to pass into a tautomeric form (Ann. 
373, 92 : Ber. 47, 843). 

A corresponding behaviour is observed in the decomposition of proteins, when 
heated with bariuna hydroxide, into inactive leucine, tyrosine, and glutamine, 
whil^t at a lower temperature hydrochloric acid produces the active modifications 
(Ber. 18, 388). For an experimental explanation of the transformation of 
optically active substances into their inactive modifications, compare A. Werner 
in E. Meyer’s Jahrbuch der Chemie 1, 130. 

Rotatory Dispersion. — ^The variation of the specific rotation with the 
wave-length of the light used is designated rotatory dispersion, and in general tho 
rotation increases with decrease in the wave-length (Normal rotatory dispersion). 
If the determinations are carried out with blue and red light, the value [a]hiu8 
— [a]red is descHbed as the specific rotatory dispersion, and the quotient [a]biue/[a]rwi 
as the dispersion coefficient, Biot recognized in 1860 that the rotatory dispersion 
is a speo&c property of a substance, and is closely related to its constitution 
(see Walden, Lecture, Ber. 38, 345 : Rupe, Ann. 409, 334). 

(e) Magnetic Rotatory Power.* — Faraday, in 1846, discovered that trans- 
parent, isotropic, optically inactive bodies were capable of rotating tho piano 
of polarized light when a column of the substance was brought into the magnetic 
field, as, for example, when it was surrounded by an electric current. Tho 
power of rotation only continued as long as these influences were active, and 
was reversed when the positions of the magnetic poles wore reversed ; this 
distinguished magnetic rotatory power from the rotatory power of optically 
active carbon compounds. 

Specific magnetic rotatory power is the degree of rotation that tho plane of 
polarization of a ray of light undergoes when it passes through a layer of liquid 
of definite thickness, exposed to the influence of a magnet. Tho unit of com- 
parison is the rotation produced by a layer of water of the same temperature 
and thickness when exposed to tho same magnetic field. 

Molecular Magnetic Rotatory Bower, — ^This is the degree of rotation produced 
by columns of liquids chosen of such a length that similar cross-sections will each 
contain a molecular weight of the substance. The unit in this case can also be 
the molecular rotatory power of water. 

W. H. Perkin, Senior, has investigated minutely the connection between the 
magnetic rotatory power and the constitution of carbon derivatives. Numerical 
relations between the increase of rotation and change of composition have been 
established for many groups of aliphatic and aromatic compounds (C. 1900, I. 
797 ; 1902, I. 621 : J.C.S. 105, 81). Deviations from the theoretical values 
are encountered particffiarly in the reactive benzene substitution compounds 
(see Table, J. pr. Chem. [2] 67, 334). 


* Graham-Otto, Lehrbuch der Chemie, Vol. I. part 3, p. 793, 1898. 
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7. ELECTRIC CONDUCTIVITY 

Substances which are capable of conducting electricity arrange 
themselves into two groups : conductors of the first class, or those 
which conduct electricity without undergoing any change, and con- 
ductors of the second class, known as electrolytes, in which con- 
duction is only possible through the agency of the ions in which 
the solutes separate when dissolved. The greater the conductivity 
of a substance the less is the resistance to the passage of the current ; 
in other words, the resistance is inversely proportional to the conduc- 
tivity. The unit of measurement of resistance is the ohm — ^the resist- 
ance of a column of mercury 1-06 metres long, and 1 sq. mm. in cross- 
section, at 0® C.* 

Ostwald’s investigations have demonstrated that the conductivity 
of electrolytes is intimately related to chemical affinity, and forms a 
direct measure of the chemical affinity of acids and bases. Therefore, 
the determination of the conductivity of electrolytes (in aqueous 
solution), to which all organic acids and their salts belong, is of great 
interest and importance for all carbon derivatives. 

Kohlrausch (Wiod. Ann. 6, 1) has suggested a very simple and accurate 
moaiiH of determining the conductivity of electrolytes, which has been extensively 
applied by Ostwald (J. pr. Chem. 32, 300, and 33, 352 ; Z. physik. Chem. 2, 
/)f>l ). (See also C. 1 900, 1. 577.) It is dependent on the application of alternating 
currents, produced by an induction coil, so that the disturbing influence of 
polarization is avoided. 

The conductivity of electrolytes is not referred to the percentage 
content of their aqueous solutions, but (as the conductivity is deter- 
mined by the equivalent ions) to solutions containing a gram-mole- 
cule, or a gram-equivalent of substance in one litre. This value is 
the molecular (or equivalent) conductivity of the substance (Z. physik. 
Chem. 2, 567). 

The strong acids have the greatest molecular conductivity, and 
are followed by the fixed alkalis and alkali salts. Most organic acids, 
on the contrary (e,g, acetic acid), are poor conductors in a free con- 
dition, whilst their alkali salts approach those of the strong acids in 
conductivity. The molecular conductivity increases by about 2 per 
cent, per degree rise of temperature. It also increases with increasing 
dilution, and in the case of the poor conductors it is far more rapid 
than with the good conductors ; in both instances it ultimately 
approaches a maximum (limiting) value. With good conductors this 
is attained at a dilution of about 1000 litres to the gram-molecule ; 
whilst with those poor in conducting power it is only reached when 
the dilution is indefinitely large. In fact, in such cases the con- 
ductivity is practically indeterminable. 

An interesting observation in connection with the alkali salts of 
all acids is the variable’ increase of the molecular conductivity with 

* F. Kohlrausch and Holborn, in their book, “ Das Leitungsvermogen der 
Eloktrolyte,” adopt as unit a solution of which a column 1 cm. long, and 1 cm.® 
in section has a resistance of 1 ohm. In this case the conductivity becomes 
10,600 times as great as the above. Also, they employ the gram-equivalent in 
place of the gram-molecule, and the cubic centimetre in place of the litre. 
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increasing dilution. This is true both in the case of the strong and the 
weak acids (most organic acids belong to the latter class), and it varies 
according to their basicity. With sodium salts of monobasic acids, 
this increase equals from 10-13 units, by dilution from 32 to 1024 
litres for the equivalent ; for the salts of dibasic acids from 20-25 
units, for those of the tribasic 28-31, for those of the tetrabasie about 
40, and those of the pentabasio about 50 units. 

Thus it may be seen that the increase in conductivity of acids, in 
the form of their sodium salts, offers a means of determining the basi- 
city and, consequently, the molecular magnitude of acids {OstwaU, Z. 
physik. Chem. 1, 74, 97 : 2, 901 : WaUen, ibid., 1, 630 : 2, 49). 

If a certain quantity of an acid be neutralized with iV/32 sodium 
hydroxide solution, and the conductivity of the neutral salt be measured 
before and after dilution to 32 times its volume, the difference of the 
conductivities divided by 10 gives the basicity of the acid. 

Molecular conductivity has acquired still greater importance by its 
application to the measurement of the dissociation of the electrolytes ; 
it is at the same time the measure of the reactivity or chemical affinity, 
first, of acids, then bases, and, finally, of salts. 

Arrhenius’s electrolytic dissociation theory maintains that in 
aqueous solution the electrolytes are more or less separated into their 
ions ; this would give a simple explanation for the variations of solu- 
tions from the general laws of osmotic pressure, the depression of the 
freezing point, etc, (see p. 15). The dissociation is also manifest in 
the molecular conductivity, for the latter is directly proportional to 
the degree of dissociation, the number of free ions and the speed of 
migration of the free ions. 


Molecular conductivity increases with dilution and dissociation. When the 
latter is complete, it attains its maximum (Ao^,). The degree of dissociation (a) 
(or the fraction of the electrolyte split up into ions) for any dilution is found 
from the ratio of the molecular conductivity at this dilution (A) to the maximum 
conductivity (for infinite dilution) : 

A 


a = 


A.,- 


The latter (A^,) cannot be directly measured in the case of free organic acids, 
because most of them are poor conductors. But it can be obtained from t/ho 
molecular conductivity of their sodium salts, by deducting from their maximum 
values ionic mobility of the sodium-ions (49*2), and adding those of the hydrogen- 
ions (352). 

Since the molecular conductivity depends upon the dissociation of the 
electrolytes into their ions, the efiect of dilution must follow the same laws as 
those prevailing in the dissociation of gases. This influence of dilution or volume 
(v) upon the molecular conductivity, or the degree of dissociation (a) is, there- 
fore, expressed in the equation : 


t^(l — g) 


= K, 


which represents Ostwald's dilution Ufa, (Z. physik, Chem. 2, 36, 270). This law 
has been fully confirmed by the perfect agreement of the calculated and observed 
values {van H Hoff, Z. physik. Chem. 2, 777). In the case of strong electrolytes, 
such as strong acids and bases, and most salts, the equation of Rudolphi is pref- 

erable to that of Ostwald, even though it is empirical : ^ « K. 


v{l - a)2 

The value, K, is the same at all dilutions for every monobasic acid ; hence it is 
a characteristic value for each acid, and is the measure of its chemical affinity. 
The determiaation of these chemical disaociation constants by Ostwald for more 
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than 240 acids, h€is proved that they are closely related to the structure and con- 
stitution of the bodies (Z. physik, Chem. 3, 170, 241, 369). Literature: see 
Walden (Z. physik. Chem, 8, 833). Aftinity values of stereoisomeric compounds : 
Hanizsch and Miolatti (Ber. 25, R. 844). 

Determimtiom of disfiormtion comtanta : Conrad, Hecht and Bruckner, Z. 
physik. Chem. 3, 450 : 4, 273, 631 : 5, 289 : Lellmann, Ber. 22, 2101 ; Ann. 
260, 269 : 263, 286 : 270, 204,- 208 : 274, 121, 141, 156 : Nernst, R. Meyer’s 
Jahrbuch 2, 31 : Jonca et aL, Am. Chem. J. 44, 159 : 50, 1. 


8. PARACHOR 


The parachor is a constant for a compound given by the formula 





where M is the molecular weight of a substance, D and d the densities 
of the liquid and vapour and y the surface tension. The concept 
was introduced by Sugden (J.G.S. 1924, 125, 1185, and subsequent 
papers : see Sugden, The Parachor and Valency, London, 1930) and 
differs from the ordinary molecular volume in containing a term 
involving tlie surface tension, which is related to the internal pressure 
of the liquid, and thus makes an allowance for the effect of the internal 
pressure on the molecular volume. 

The parachor is a very strictly additive property : the parachor 
of a compound can be calculated from the parachors of the component 
atoms, together with definite increments for certain constitutional 
properties such as multiple bonds, rings, etc. The value for these 
constants is given in the following table : 


0 

4*8 

Triple bond 

= 46-6 


H 

= 17-1 

Double bond 

=: 23-2 


N 

12*5 

3 membered 

ring = 
ring = 
ring = 

lC-7 

0 

= 20-0 

4 membered 

11-6 

P 

37-7 

5 membered 

8-5 

8 

¥ 

== 48-2 
= 25-7 

6 membered 

ring « 

6-1 

Cl 

= 54-3 

O 2 in esters 

= 60-0 


Hr 

= 68*0 




I 

= 91-0 





An example is given of the calculation of the parachor of benzene 
(Kekuld foi’Jtnula) from the above values : 

Ce 6 X 4-8 = 28-8 
He == 6 X 17-1 = 102-6 
3 Double bonds = 3 X 23-2 69-0 

6 Mombered ring ~ 6-1 


Total [P] = 207-1 
[P] found experimentally ~ 206-2. 

When compounds containing a double bond are studied, they are 
found to fall sharply into two classes. In the majority, the parachor 
determined experimentally agrees well with that calculated from the 
above figures, allowing an increment of 23*2 for the double bond. 
A number of compounds, however, instead of this increment, show 
a decrease of about 1-6 units (Sugden, op> cit,, p. 116). It would 
appear that such compounds, which include nitro compounds, sul- 
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phoxides, sulphonates, etc., must contain a double bond of a different 
nature from that, say, in ethylene. On the electronic theory of 
valency (p. 29) this type of link is represented as a co-ordinate or 
semipolar double link, where two atoms are linked by two electrons, 
both of which are contributed by one atom. The electronic repre- 
sentation of the nitro-group as containing two orthodox double bonds 
(I) and as containing one ordinary double bond, and one semipolar 
one (II) is given in the formula below. 


‘o: 

? N 

:o*. 

A 

o o 

;o: 

^ N 

:o'. 

— or 

+ /6 
-^<0 


(I) 


(II) 



( X dectron contributed by N-atom, * * electron contributed by other atom.) 

In. (I) the nitrogen is represented as linked to the two oxygen 
atoms by two ordinary double bonds, each consisting of four elec- 
trons, the nitrogen thereby acquiring a share in ten electrons, while 
the oxygen atoms complete their octets. In (II) one of the N — 0 
bonds is formed by two electrons only, both contributed by the 
nitrogen, which thereby maintains its (more-stable) octet, while the 
oxygen octets are simultaneously completed. On the ordinary formula 
containing two double bonds, the parachor of the nitro group should 
be given by N + 20 + 2 = 98*9, while experimentally it is f^nd to 
be about 73 (Sugden, p. 119), which agrees well with N + 20 -1- — 1’6 
( =. 74), 

The value of the determination of the parachor for the elucidation 
of the structure of organic compounds is very great, and in some 
cases of ring-chain tautomerism (see p. 52 : also Sugden, p. 47) 
the constitution of the stable form of a tautomeric compound can 
be deduced by the investigation of its parachor. 

As regards the physical significance of the parachor, a quotation 
from Hiickel is translated here : “ The function formulated upon 
purely experimental grounds by MacLeod and called the parachor 
by Sugden is, as to its physical interpretation, quite unexplained, so 
that it is not known what is really meant by it. Nevertheless, the 
rules obtained as the result of experiment make it possible to decide 
questions of constitution.*’ 

HEAT OF COMBUSTION OF CARBON COMPOUNDS*^ 

” The quantity of heat evolved in any chemical change is a measure of the 
total work, both physical and chemical, expended.” The determination of the 
quantity of heat developed in complete combustion is alone adapted for the 
determination of the energy content of carbon compounds. 

* BertheloU Thermochimie, 2 vols., Faris, 1897. Blanks Grundriss der allg, 
Thermochemie, 1893. Hans Jahn, Lie Grundsatze der Thermochemie und ihre 
Bedeutung fur die theoretische Chemie, 2. Aujft. 1892, Ostwald^ Grundriss der 
allg, Chemie, 1889. A, W. Both, Bestimmung der Verbrennungswarme und 
eiganzendo thermochemische Messungen, Abderhalden*s Haudbuch der biologis- 
cheu Arbeitsmethoden, 1927. 
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The heat of combustion of a carbon compound by the method of Berthelot 
is dotormined by combustion with oxygen at a pressure of 25 atmospheres in a 
calorimetric bomb, lined internally with platinum or enamel. Ignition is 
effected by moans of an electric spark, or by the incandescent products of combus- 
tion formed by a thin iron wire heated electrically. 

Favre and Silbermann, Thomsen, Stohmann and Berthelot are responsible 
for the elaboration of methods for the determination of heats of combustion. 

E. Fischer and F. Wrede have recently brought the method to an extraordinary 
degree of accuracy (Z. physik. Chem. 69 , 218). Of. also W. A. Roth, Ann. 
373, 249 : 407, 112, 

On the basis of the Hoss-Berthelot principle : “ The difference of the heats of 
combustion of two chemically equivalent systems is equal to the heat develop- 
ment which corresponds to the passage of the one system into the other ” : it is 
possible, knowing the heat of combustion of a carbon compound, to calculate its 
heat of formation. The heat of combustion of the compound is deducted from 
the sum of the heats of combustion of its elements. 

The heat of combustion of methane equals 211*9 CaL 

,» „ diamond-carbon is 94*3 Cah, and 

„ „ hydrogen equals 67*5 Cal. 

As the complete combustion of methane proceeds according to the equation : 

CH4 -f 20a = COa + 2HaO, 

then the heat of formation of this hydrocarbon, at constant pressure, would 
be 17*9 Cal : 

94*3 + (2 X 67-5) - 211*9 = 17*9. 

Stohmann (Z. physik. Chem. 6, 334 : 10 , 410) has published a collection of 
the determinations of heats of combustion made between 1852 and 1892. 

The regularities in heats of combustion observed are as follows. In a homo- 
logous series, the heat of combustion is increased practically constantly by 
154 Cal. for each additional CHa group (J.A.C.S. 32, 268). The heat of com- 
bustion is, however, not a purely additive property, and isomeric substances do 
not all possess the same heat of combustion. For instance, the primary alcohols 
possess a higher heat of combustion than the isomeric secondary and tertiary 
compounds. Stereoisomeric substances have different heats of combustion ; 
thus fumaric acid has a heat of combustion 6 Cal. less than maleic acid, and other 
pairs of stereoisomeric acids show similar differences (Ber. 46, 260). The stable 
tratis-iovms of such acids have in general, not only a lower heat of combustion 
than the labile cM-forms, but also a lower dissociation constant. 

The passage of a double bond into two single bonds, or of a triple bond into 
three singles is associated with a marked loss of energy (Compt. rend. 157, 895), 
Compo\uuls with a system of conjugated double bonds show throughout a defi- 
nitely lower heat, of combustion than their isomers with independent double 
bonds (Ann. 373, 207 ; 385, 102). The former are more stable compounds 
than the latter, through a more even valency distribution ‘in the sense of Thiele’s 
theory (p. 28). This explains the tendency of compounds with separated double 
bonds to pass into their isomers with a conjugated system. 

The comparison of the heats of combustion of aromatic substances with 
their hydrogenated derivatives is interesting in this connection. The difference 
between benzene derivatives and their dihydro compounds (c. 64 Cal.) is markedly 
greater than that between the dihydro and tetrahydro (c. 50 Cal.) or the tetra- 
hydro- and hexahydro-compounds (c. 45 Cal.) (Ann. 407 , 145). The breaking 
of the first double linkage in benzene demands a much larger amount of energy 
than the breaking of subsequent double bonds : this can be referred to the 
even valency distribution in benzene, and is responsible for its stability. 

The difference in the stability of the cyclopropane, cyc?obutane and cyclo- , 
pentane rings (see Carbocyclic compounds, Vol. II) which was referred by Baeyer 
to the variation in the strains of the various rings is also expressed in their 
varying heats of combustion (J. pr. Chem. [2], 45 ,. 475 : Ber. 46 , 309 : C. 1913, 

I. 2026). As an example of the value of the heat of combustion in structural 
problemis, the case of camphoric acid may be cited : the heat of combustion of 
camphoric acid would appear to exclude the presence of a cyclopropane or cycle- 
butane ring, and to demand the presence of a cyciopentane or cyclohexane ring. 
It should be noted that the differences between the heats of combustion of 
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unsaturated acids and their dimeric polymerization products (e.g. acrylic acid* 
and q/c^butanedicarboxylic acid or cinnamic acid and the tmxillic acids) is very 
slight (Z. physik. Chem* 48, 345). 

The investigations of A. v. Weinberg (Ber. 52, 1501) and Fajans (Bor. 53, 
643) have gone more deeply into the nature of heat of combustion. Using the 
terminology of the latter, if 

sc is the heat of formation of a carbon-hydrogen link, 

2/ the heat of formation of a single carbon-carbon bond, 

V the heat of formation of liquid water from 1 gin. atom of atomic hydrogen 
and molecular oxygen, 

« the heat of formation of gaseous COg from 1 gm, atom of monatomic 
carbon vapour and molecular oxygen, 

the heat of combustion of a substance, e.g. of propane, CaHg, can be represented 
by an equation 

— 8a; — 2y + -h 3^ = 526*7 OaL per Mol. 

The value v can be calculated as 74-4 by making use of the heat of dissocia- 
tion of hydrogen : similarly, z can be calculated as 381 Cal, by reference to the 
heat of sublimation of carbon. Employing these values, 

£C denotes the absorption of 117 Gal, in the formation of a C — bond, 
y denotes the absorption of 137-5 Gal. in the formation of a single C — C 
bond. 

These determinations show that the energy content of a C — C link in an 
aliphatic compound and in diamond (c. 140 Cal.) are very similar, and not very 
different from that of a C — link (117 Cal.) ; on this basis, diamond may be 
regarded as the basic substance of the aliphatic compounds. 


ACTION OF HEAT, LIGHT, AND ELECTRICITY UPON 
CARBON COMPOUNDS 


1. ACTION OF HEAT 


Substances which react most energetically upon each other do not 
do so at very low temperatures (Rami Pictet, Arch. d. Scienc. phys. 
et nat,, Geneva, 1893), even when subjected to the greatest pressure, 
and when their molecules are in most intimate contact. A definite 
temperature is essential for the occurrence of chemical action. The 
energy of a reaction, the time within which it proceeds, is largely 
dependent on the temperature of the reacting substances, therefore 
the determination of the most favourable temperature for the reaction 
is important. It must be remembered that the heat developed in 
chemical changes frequently increases the initial reaction-temperature 
rapidly to the point of decomposition. In such cases the violence 
of the reaction must be moderated by cooling or by the use of in- 
different diluents, in which the substances acting upon each other 
must be dissolved before the reaction occurs. 

The action of chlorine upon toluene (q.v.) shows particularly well 
how much the kind and nature of the action is dependent upon the 
temperature. At the ordinary temperature the chlorine substitutes 
the hydrogen of the benzene nucleus, whilst at the boiling tempera- 
ture it is the hydrogen of the methyl group which is replaced ; 


Ordiaary temp. 


At 110'* 


CgHiCl-CHa 

CeHa-CHgCl. 


Numerous analogous observations are known. 

In general, carbon compounds are much less stable under the 
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influence of heat than the inorganic bodies. When the qualitative 
examination of organic bodies was discussed, mention was made of 
the fact that many carbon compounds were decomposed under the 
influence of heat with the separation of carbon. 

Other compounds, when heated at the ordinary temperature, re- 
arrange themselves without alteration of their molecular magnitude, 
whilst some polymerize. Compounds,, volatilizing imdecomposed at 
ordinary pressure, may become decomposed when their vapours are 
conducted through tubes heated to redness, or by contact with metallic 
wires rendered incandescent by the electric current (C. 1901, IL 1042) ; 
as a rule, new bodies are then formed accompanied by partial 
carbonization. The splitting-off of hydrogen, the halogens, haloid 
acids, water, and ammonia leads to a more intimate union of the 
already combined carbon atoms, and carbon atoms which previously 
were not united with one another not infrequently combine to yield 
carbocyclic and heterocyclic bodies : pyro-condensations result (Ber. 
11 , 1214). 

In the special part of this volume, such results from heat action 
will be so frequently encountered that it becomes unnecessary to 
present examples at this time (cf, ethyl alcohol and chloroform). 

It may suthce to mention coal tar, which contains the liquid 
bodies formed by the decomposition of coal under the influence 
of heat. This material is of the greatest importance both in the 
development of scientific, theoretical organic chemistry, as weU as 
for technical chemistry (coal-tar industry). It is mainly composed 
of carbo- and heterocyclic compounds, stable under the influence 
of heat : 


CoH« 

Benzene. 

C4H4S CsHgN 

Thiophene. Pyridine. 


C„Hs 

Naplithalene. Anthracene, Phenanthrene, 

C,3H,N 

Quinoline and t'^'oQuiuolinii. Acridine. 


See also pyrogenic acetylene-condensations, B. Meyer^ Ber. 46 to 53. 


2. ACTION OF LIGHT 

Light exerts a great influence upon carbon compounds. The well- 
known reactions of this kind in the field of inorganic chemistry have 
corresponding cases in the province of organic chemistry. 

Light is able to bring about the decomposition, the rearrangement, 
and the synthesis of carbon bodies. Just as the haloid salts of silver 
are decomposed with separation of silver, so, too, the alkyl iodides 
separate iodine under the influence of light. Hence their colourless 
solutions gradually become yellow and finally dark brown in .colour. 
Ethyl mercuric iodide breaks down into mercurous iodide and butane. 
Experience shows that many other carbon derivatives decompose 
more or less rapidly when they are exposed to sunlight, hence they 
must be preserved in the dark or in vessels of brown-coloured glass, 
wkich absorbs the chemically active rays of sunlight. It is technically 
important that an organic dye should resist the influence of light ; 
most of them are not fast colours, but are bleached by light. 

VOL. I. G 
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Of the decomposition-reactions produced by sunlight mention may be made of 
the change undergone by succinic acid, when mixed with uranium oxide ; it loses 
carbon dioxide, and propionic acid results (Ann. 133, 253) : 

COaH-CHa-CHa-COaH = 00^ + CHa-CHa-COaH. 

Solutions of tartaric acid and citric add, when mixed with uranium oxide, 
are similarly decomposed by sunlight (Ann. 278, 373). 

An aqueous solution of acetone is partially hydrolized by sunlight into acetic 
acid and methane (Ber. 36, 1582). 

Mercury oxalate is decomposed by light into COg and mercury ; if ammonium 
chloride be present, calomel is formed. A similar reaction is the following : 

2HgCl2 + C20,(NH4)2 = HgaCla + 200^ + 2NH4CI. 

Sunlight often acts as a polymerizing agent. Solid anthracene, in the form 
of a vapour or solution, is polymerized by sunlight or the light of a carbon or 
mercury arc lamp into dianthracene, a change which is completely reversed in the 
dark (Z. physik. Chem. 53, 385). For similar cases of plbototropy see Ber. 37, 
2236. 

Finely divided cinyiarnic acid changes in sunlight to the dimeric truxillic acid, 
which returns to the simpler form under the influence of boat ; cinnamylidcne 
malonie acid behaves in the same way (Z. physik. Chem. 48, 345). 

For the polymerization of benzaldehyde see Ber. 36, 1573. 

Geometric isomers (alloisomers or stereoisomers) are frequently changed into 
their stable forms by sunlight ; for instance, maleic acid into fumaric acid 
(Ber. 36, 4207), aZZocinnamic acid into cinnamic acid ; a?i<'t-oximes into syn- 
oximes (Ber. 36, 4268 : 37, 180). 

The combination of carbon moywxide and chlorine, forming carbonyl chloride 
or phosgene {Davy), is analogous to the complete union of hydrogen and chlorine, 
forming hydrogen chloride, and of benzene and chlorine or bromine to form 
hexa-chloro- or hexabromo-benzene, in sunlight : 

Ha -{- Cla « 2HC1 ; CO + Clg = COCla ; + 3Cla * CsHeCle. 

The action of chlorine upon methane (p. 93), formaldehyde (Ber. 29, R, 88), 
and oiiher carbon derivatives which can be substituted, is much influenced by 
sunlight. 

The experiments conducted by Klinger show that the chemical action of sun- 
light is susceptible of more extended application than it has yet found, and that 
compounds can be produced by it, which could only be prepared in the ordinary 
chemical way by most powerful or highly specialized means. He found that 
ethereal solutions of benzoquinone, benzil, and phenanthraquinone are reduced, 
with the formation of aldehyde. Further, that acetaldehyde, ^aovaleraldchyde, 
and benzaldehyde xmite, under the influence of sunlight, with phenanthraquinone, 
in accordance with the equation (Ann. 249, 137) : 

GeH^'CO CeHi-C'O'COR ‘ 

1 1 4- RCHO « 1 11 

CeH^-CO C«H4-C0H. 

tsoValeraldehyde and benzaldehyde also unite directly with benzoquinone, 
but in a still more striking manner, in that a nucleus-synthesis (p. 97) results* 
With benzaldehyde the reaction proceeds as follows : — 

+ CeHs-COH = CeH5*CO-CeH3(OH)2 

Benzo- Benz- Bihydroxybenzophenone, 

quinone. aldehyde. 

Sunlight reduces a carbonyl group in alcoholic solution, and at the same time 
the alcohol becomes oxidized to aldehyde, as, for instance, benzophenone and 
acetophenone yield the corresponding pmacones ; quinone oxidizes glycerol to 
glycerose, erythritol to erythrose, mannitol to mannitose, dulcitol to dulcitose, 
dextrose to dextrosone, whilst in each case the quinone changes to quinhy drone. 

Aromatic nitro-bodies readily give up their oxygen to alcoholic or aldehydic 
groups under the influence of sunlight : nitrobenzene and alcohol give aniline and 
quinaldine ; nitrobenzene and benzaldehyde yield a mixture of benzoic acid, 
nitrosobenzene, /i-phenylhydroxylamine and products of further interaction ; 
o-nitrobenzaldehyd© changes completely into o-nitrosobenzoic acid ; o-nitro- 
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benzal aniline gives o-nitrosobenzanilide, and so on {Ommician and SUber, Ber. 
37, 3425 : 38, 1170, 3813). 

o-Nitrobenzylidene acefcophoiione in ethereal solution is changed by sunlight 
to indigo and benzoic acid {Engle*' and Dorantf Ber. 28, 2497) : 

yCOCH : CH-CcHs yCOv /COv 

' \NH/ 2CCH5CO2H 

Tlie study of these reactions is specially important in the interpretation of the 
chemical changes occurring in plants. 

3. ACTION OF ELECTRICITY 

Some of the reactions induced by the aid of electricity possess 
great value for synthetic organic chemistry. The only method which 
will cause the union of free hydrogen with free carbon, consists in 
the action of the electric discharge upon the two elements. Berthelot 
showed that carbon and hydrogen combined to form acetylene on the 



Fig. 14. 


passage of the electric spark between carbon points in an atmosphere 
of hydrogen : 20 + Hg = CH^CH. Small quantities of methane 
CH 4 , and ethane CsHg were also present, as was found later (0. 1901, 
II. 576). Fig. 14 represents the apparatus in which this important 
synthesis was carried out (Ann. chim. phys. [4] 13, 143 : Ber, 23, 1638 : 
0. 1897, I. 24). 

Acetylene and nitrogen (Ann. 150, 60) as well as cyanogen and hydrogen, unite 
to yield hydrocyanic acid under the influence of electric discharges (Compt. rend. 
76, 1132); and carbon monoxide and hydrogen form methane (Brodie, Ann. 
169, 270). 

CH CN 

III + ISTa = 2HNC ; | + Hg == 2HNC ; CO + SHg == CH^ + H^O. 

CH CN 

An important application of the heat derived from electricity is the prepara- 
tion of the carbides in the electric furnace (Moissan),* where temperatures of 
about 3000° can easily be reached. Calcium and aluminium carbides are of the 
greatest significance to organic chemistry, because water liberates from them 
acetylene and methane respectively (comp. p. 86), 

Other thermal reactions can also be effected, such as passing the vapours of 
carbon compounds over a metallic spiral heated to incandescence by an electric 
current (C. 1901, II. 1042 : see also Ber. 18, 3350). 


Maiasarif Le four iSlectrique, Paris, 1897. 
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Kolbe decomposed the aqueous solutions of the potassium salts of monobasic 
carboxylic acids, especially potassium acetate, by the electric cmTent, and thus 
prepared dimethyl or ethane. The following equation represents the eloctrolysis 
of potassium acetate : 

7 “ 4 “ 

CH^icO^iK HOH KOH H 

i + ■ = 1 + + +1 

CHa.CO^'K HOH CH^ COg KOH H 

Kekul6 applied this reaction to the saturated dicarboxylic acids, e,g. succinic 
acid, and later be and Aarland extended it to the unsaturated dicarboxylic acids : 
fumaric acid, maleic acid, mesaconic acid, citraconic acid, and itaconic acid 
(Ann. 131,79 ; J. pr. Chem. [2] 6, 256 ; 7 , 142 : comp. 0. 1900, 1. 1057 : II. 171), 
with the production of the unsaturated hydrocarbons, ethylene, acetylene, and 
allylene. Kolbe and Moore obtained ethylene dicyanide from cyanacetie acid 
(Ber. 4 , 619). Crum Brown and J. Walker included the potassium salts of the 
acid esters of the dicarboxylic acids among these reactions, and obtained the 
neutral esters of dibasic acids, e.g, potassium ethyl malonate yielded succinic 
diethyl ester (Ann. 261 , 107 ; Ber. 24 , B. 36 : Ann, 274 , 41 : Ber. 26 , R. 369, 
380). In the electrolysis of an alcoholic solution of sodium malonic diethyl 
ester Mulliken obtained ethanetetracarboxylic ester (Ber. 28 , B. 450). 

V. Miller and Hans Hofer showed that by electrolysis of potassium acetate 
and potassium ethyl succinate, butyric ester is formed (Ber. 28 , 2429). Mulliken 
obtained ethanetetracarboxylic ester by electrolysis of an alcoholic solution of 
sodium malonic diethyl ester (Ber. 28 , E. 450). 

Hamonet obtained the diamyl ether of butane-diol by the electrolysis of the 
amyl ether of potassium )5'hydroxypropionate (C. 1901,^1. 613). From the salts 
of ketocaxboxylic acids, either alone or mixed with acetates, Hofer obtained by 
electrolysis ketones and diketones : pyroracemic acid yields diacetyl ; lasvulinic 
acid gives octane-dw-dione, pyroracemic acid and acetic acid yield acetone 
(Ber. 33 , 650). 

Hydrogen, generated by electrolysis, is a valuable means for reducing organic 
substances, as its action can be varied according to the liquid, current, voltage, 
cathode material, etc., employed for the particular requirements of the experi- 
ment. Aromatic nitro -bodies can be changed into their various reduction prod- 
ucts — /S-phenylhydroxylamines, aminophenol, azoxy- azo- or hydrazo -bodies, or 
into anilines (Ber. 28 , 2349 ; 29 , 1390 : 38 , 3076). Many substances which 
are difficult to reduce by chemical methods, such as carboxyl groups in ketones, 
carboxylic acids and their esters, lactams, dicarboxylic acid imides, and others, 
can easily be reduced to CHOH or OHg groups in sulphuric acid solutions with 
cathodes possessing a high overvoltage (Cd, Hg, Pb) {Tafel, Ber. 33 , 2209; 
37 , 3187, etc. : Ann. 348 , 199). 

Similarly, oxygen at the anode can be used for the electrolytic oxidation of 
organic compounds (Helv. Chim. Acta. 4, 928, 1000 : 5, CO, 166 : 2. Elektrochem. 
27, 487). 


THE DIRECT COMBINATION OF CARBON WITH OTHER 

ELEMENTS 

Before dealiiig with the systematic classification of the carbon 
compoimds, some remarks may he made, by way of introduction, on 
the direct combination of carbon with other elements. Carbon and 
its various allotropic modifications are described in text-books on 
inorganic chemistry, but its affinity to other elements may well be 
discussed here also, since from the substances formed by direct union 
with other elements the innumerable compounds in organic chemistry 
are derived. 

With one exception the combining power of carbon becomes 
operative only at high temperatures. In the finely-divided form of 
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soot, carbon will combine with fluorine, to form tetrajauoromethane 
or carbon tetrafluoride 

C -f- 2Fg = CF4. 

Combination with hydrogen or chlorine can only be brought about 
under the influence of the electric arc, when carbon and hydrogen unite 
to form acetylene, the most reactive of all hydrocarbons, together with 
a little methane (p. 91) : 

20 + Hjs = C2H2, 0 -I- 2H2 = CH4 ; 

and chlorine and carbon combine to form hexachlorethane and per- 
chlorobenzene : 

20 + 3OI2 = CfiU ; 60 + 3OI2 = OeOlfi. 

Oxygen unites with carbon, producing carbon monoxide and carbon 
dioxide or carbonic acid gas : 

0 + 0 = 00; 0 + 02 = OO 2 , 

Which of these two substances is formed depends on the tern- 
perature of reaction. At very high temperatures only carbon mon- 
oxide is formed, the dioxide being produced below this. The affinity 
of carbon for oxygen is so great that at sufficiently high temperatures 
the most stable oxides give up their oxygen, so that carbon becomes 
the most important reducing agent for technical purposes. 

Sulphur combines with carbon at high temperatures in only one 
proportion forming carbon disulphide — ^the sulphur analogue of the 
anhydride of carbonic acid : 

C + S2 = CS2. 

The formation of C4S in this reaction is not definitely proved 
(Z. angew. Chem. 40, 1136). 

It is not yet decided whether a direct union of carbon and nitrogen 
takes place in the arc with formation of cyanogen (Compt. rend. 151 , 
1057, 1328). 

Carbon, nitrogen, and hydrogen combine together when a mixture 
of nitrogen and hydrogen is passed between carbon poles of an electric 
arc, forming hydrocyanic acid, a reaction which possibly depends on 
the primary formation of acetylene : 

C + N + H = HNC, 

or 2C + 2H =»C2Ha and C2H2 + No = 2HNC. 

Similarly, carbon, nitrogen, and potassium or sodium, combine at 
high temperatures to form potassium or sodium cyanide. This re- 
action may also depend on the primary formation of potassium or 
sodium acetylide, followed by subsequent union with nitrogen. Or 
a metallic nitride may first be formed which then combines with 
carbon to produce the cyanide. 

At very high temperatures carbon exhibits the capacity of com- 
bining directly with many elements of a metallic character to form 
carbides. Even in the early days the formation of iron carbide was 
proved to take place by the action of carbon on molten iron. 

However, pure iron carbide is not known, but it appears that 
carbon combines with iron in various proportions. This is supported 



86 


ORGANIC CHEMISTRY 


by the generation of a mixture of hydrocarbons when such a speci- 
men of iron is dissolved in acids. 

Carbon unites with the metals of the alkaline earths, calcium, 
strontium, and barium, in only one proportion. Such a carbide can 
be considered as being a metal-acetylene compound, which generates 
the gas on contact with water. It is prepared by the reduction of 
the oxide of the metal by carbon in the electric furnace : 

3C + CaO CaCa -f CO. 


Aluminium carbide, similarly prepared, gives off methane in contact 
with water : 


3C -f 4Al = CsAh. 


BorylUuin f-arbide also yields methane ; manganese carbide generates equal 
volumes of methane and hydrogen ; the carbides of cerium, lanthanum, yttrium, 
samarium, CaM give acetylene and methane ; uranium carbide, CjjU^ yields 
methane, hydrogen, and ethylene ; whilst the last-named carbides also yield 
large amounts of liquid and solid hydrocarbons (Compt. rend. 122, 1462, etc,). 
Magnesium forms two carbides, MgCa and MgaCg. With water the first yields 
acetylene, the second allylene (Z. physik. Chem. 73, 513). 

Whilst the carbides of the enumerated metals give off hydrocarbons when 
treated with acids or water, the carbides of boron, silicon, titanium, zirconium, 
vanadium, tungsten and chromium are extraordinarily stable and unusually hard ; 
so much so that silicon carbide is employed, under the name of carborundum, in 
boring and polishing. The last three carbides are so far useless in the building 
up of carbon compounds. 


The most important substances which have been formed by the 
direct union of carbon with other elements are : 


Acetylene 

. CaHa 

Calcium carbide .... 

. CaCa 

Methane 

. CH4 

Aluminium carbide . . . 

. CsAh 

Carbon monoxide 

. CO 

Carbon dioxide .... 

. COa 

Carbon disulphide 

. CSa 

Hydrocyanic acid 

. HNC 

Potassium cyanide . . . 

. KNC 


These bodies are examples of widely different classes of organic 
compounds ; methane and aluminium carbide are found at the head 
of the paraffin or acyclic saturated hydrocarbons, whilst acetylene and 
calcium carbide occupy a similar position among the unsaturated 
acyclic hydrocarbons possessing a triple bond between two carbon 
atoms. Carbon monoxide, hydrocyanic acid and potassium cyanide 
will be described with formic acid derivatives : carbon dioxide and 
disulphide as derivatives of carbonic acid before the paraffin di- 
carboxylic acids. 

Of all these simple compounds of carbon, the most important is 
carbon dioxide, which forms the basis for the formation of the carbo- 
hydrates and fats during the process of assimilation in the vegetable 
organism ; and also of the proteins when nitrogen is taken up. 

Since chemists have not yet succeeded in imitating in the labora- 
tory the synthetic methods of plants, a large and increasing number 
of methods have been provided for linking together simple organic 
molecules for the construction of substances of complicated composi- 
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tion* These methods depend partly on double decomposition, similar 
to the interaction of inorganic salts, but mainly on the property of 
one '' Tinsaturated ” molecule (p. 27) to unite with another ; on re- 
actions brought about by the agency of metals, especially Na, Mg, 
Al, Zn, Cu, or suitable compounds of them ; on the influence of 
acids ; and finally on rise of temperature, on sunlight or on electricity 
(pp. 80^84). 

CLASSIFICATION OF THE CARBON COMPOUNDS 

The chemical union of the carbon atoms and the resulting 
character of the groups is the basis of the division of the 
carbon compounds into two principal classes : the fatty or aliphatic 
substances (from d^eKpag^ fat) — the chain or acyclic carbon deri- 
vatives or the methane derivatives, and the cyclic compounds of 
carbon. 

The name of the first class is borrowed from the fats and fatty 
acids comprising it, which were the first derivatives to be studied 
accurately. They may be termed the marsh gas or methane deriva- 
tives, inasmuch as they all can be derived ultimately from methane, 
CH 4 . They are further classified into saturated and unsaturated com- 
pounds. In the first of these, called also paraffins, the directly united 
quadrivalent carbon atoms are linked to each other by a single bond, 
so that the number of affinities still remaining to be satisfied in a 
chain of n carbon atoms is 2n + 2 (p. 33). Their general formula 
is, therefore, expressed in the form Cn^ 2 n +29 where X represents the 
affinities of the elements or groups directly combined with carbon. 
The unsaturated compounds result from the saturated by the loss of 
an even number of affinities in union with carbon. According to the 
number of affinities yet capable of saturation, the series are distin- 
guished as C«X 2 n, CnX 2 „- 2 , etc. 

The methane derivatives contain open carbon chains, the cyclic 
derivatives contain closed carbon chains, or rings. When carbon 
atoms alone constitute the ring, the resulting bodies are designated 
carbocyclio compounds. 

Especially important among these cyclic compounds are those in 
which the ring contains six carbon atoms with six free valencies. From 
these are derived substances which Kekuld named the aromatic com- 
pounds or benzene derivatives. 

The importance of this group has gained for it a special position 
in the chemistry of carbon derivatives. Compared with the aliphatic 
compounds, they show such great differences in chemical behaviour 
that they were formerly regarded as a second and distinct class of 
organic bodies. 

With the advances in organic chemistry, numerous compounds were 
being constantly discovered which contained carbon atoms united in 
a closed ring, but which approached the fatty bodies more closely 
than the aromatic derivatives in chemical behaviour. In the so-called 
hydroaromatic compounds the more pairs of hydrogen atoms which are 
attached to the benzene nucleus in them, the nearer they resemble, in 
chemical character, the aliphatic derivatives. Even more closely allied 
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to the latter are those substances which contain a ring consisting of 
three, four, or five carbon atoms — 

the trimethylene or c^/cfopropane derivatives, 
tetrameihyUne or c?/cZobutane derivatives, 
pentamethylene or c?/ci!opentane derivatives. 

These constitute the passage from the aliphatic bodies to the 
hydro-aromatic compounds or c?/c?ohexane derivatives, with which the 
aromatic derivatives are so closely connected. 

There are many carbon compounds containing “rings,” in the 
formation of which not only carbon atoms, but also oxygen, sulphur, 
and nitrogen atoms take part. 

Such bodies have been termed heterocyclic compounds (from hegog, 
foreign). These derivatives will mainly be discussed at the conclusion 
of the remarks on the open chain bodies, from which they are derived 
by loss of water, hydrogen sulphide, or ammonia, and into which they 
can again be changed. A large class of heterocyclic bodies, the 
thiophen, furan, and pyrrole groups : the parent substances of the 
plant alkaloids, pyridine, quinoline, t^oqmnoline, etc. — ^like the aro- 
matic bodies, possess very stable rings. In the case of many hetero- 
cyclic bodies the open chain compounds, from which they may 
theoretically be deduced, do not actually exist. Therefore such 
heterocyclic compounds will be more conveniently discussed after 
the carbo- or isocycUc derivatives. Thus, the chemistry of the com- 
pounds of carbon may be divided into : 

I. Fatty Compounds : Aliphatic compounds, methane derivatives, 
chain or acyclic carbon derivatives. 

II. CarbocycUc Compounds. 

III. Heterocyclic Compounds. 

THE NOMENCLATURE OF THE CARBON COMPOUNDS 

The steadily increasing number of carbon derivatives has shown the necessity 
that deifinite principles should determine their designation. The absence r)f 
such general and international rules (where they were possible) has led to great 
confusion in the nomenclature. 

Compounds originating from plants and animals received names that indicated 
their origin, and often at the same time their characteristic chemical properties : 
urea, uric acid, tartar, tartaric acid, formic, oxalic, malic, citric, salicylic acids, 
etc. With a large class of bodies, e.g. the bases, glucosides, bitter principles, 
fats, etc,, it was customary to employ the ending “ ine ” : coniine, nicotine, 
^anidine, creatine, betaine, salicine, amygdaline, glycerine, stearine, etc., and 
in the terminations al, ol, an, en, yl, ylene, ylidene, the effort was made to show 
the similarity of certain compounds, without, however, proceeding in a systematic 
way. 

The more thoroughly the constitution of bodies became known, the greater 
was the desire to indicate by names the manner in which the atoms were united. 
This was especially true in the ease of isomeric pompounds. The manner in which 
this was done, however, was left to the choice of the individual, and thus it 
happened that often one and the same derivative received different names, which 
possessed fundamentally equivalent meanings. 

Of the early suggestions on nomenclature, that of Kolbe (Ann. 113, 307) on 
carbinol deserves special consideration. As is known, Kolbe referred the names 
of the monohydroxy saturated alcohols back to the name carbinol. In order to 
make this principle more general, it becomes necessary to ascertain the ** carbinol 
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or “ carbiiiols ” for eadi class of compounds — that is, to find those bodies from 
which the homologues might be derived, just as the monohydroxy saturated 
alcohols might be deduced from methyl alcohol or carbinoL Without attempting 
at this time to determine the limits of the “ carbinol nomenclature,” it will suffice 
to remark that in the case of the paraffin diearboxylic acids all the normal homo- 
logues are the “ carbinols,” e.g. malonic acid, succinic acid, normal glutaric acid, 
adipic acid, etc. Indeed, names such as monomethylmalonic acid, ethylmethyl- 
malonic acid, symmetric and unsymmetric dimethylsuecinic acid, etc., are so 
readily understood that they are preferred by many chemists. 

In order to minimize as far as possible the arbitrary nomenclature of organic 
compounds, a meeting was convened in Geneva, in 1892, of the chemists of nearly 
all the civilized countries, for the purpose of agreeing on a method of indicating 
the constitution of carbon compounds in a consistent and clear manner. The new 
“ official ” names adopted by the Geneva Convention will, in the case of certain 
important series of compounds, be observed in the present text ; they will be 
enclosed in brackets — e.< 7 . [ethene] for ethylene, [ethine] for acetylene, etc. The 
designations of the simpler bodies — the names justified from an historical stand- 
point and deduced from important reactions^ — will not be wholly eliminated. 
Thus, the names ethyl hydride, dimethyl or methylmethane will be used for 
ethane, depending upon what relations are especially to be emphasized. 

The new nomenclature proceeds from, or begins with, the hydrocarbons. The 
name of the hydrocarbon serves as the root for the names of those substances 
which contain their carbon atoms arranged in a similar manner. The different 
classes of bodies are distinguished by the addition of suffixes to the names of the 
hydrocarbons : alcohols end in ol, aldehydes in af, ketones in one, and the acids 
in acid — e,g. [ethanol] = ethyl alcohol, [ethanal] = acetaldehyde, [propanone] 
= acetone, [propanal] = propionic aldehyde, [ethane-acid] = acetic acid. These 
examples will siffiice. The more detailed consideration will be given to the various 
classes of bodies which are discussed. The principles of this nomenclature 
have already been found difficult of application, especially in attempting 
to indicate in name a compound having a mixed character — e»g. the body 
COH — CHa — CHOH — CO — COgH, which would be pentanolalone-acid. The 
accumulation of suffixes, each of which possesses a meaning peculiar to itself, 
has “ conduit rapidement k des termes bizarres, d’une complication facheuse 
et d’une prononciation difficile ” {Am6 Pictet). 

For the decisions of the International Congress of Geneva, convened 19th to 
22nd April, 1892, for the purpose of co-ordinating chemical nomenclature, see 
Tiemann (Ber. 26, 1595) ; Istrate’s proposals (C. 1898, I. 17). On the nomen- 
clature of ring-compounds, see Vol. II ; also M. M. Richter (Ber. 29, 586). 

In order to distinguish the more frequently occurring radicals of the same 
kind, such as the univalent hydrocarbon residues, both aliphatic and aromatic, 
the name alhyl has been accepted. In differentiating between the two classes 
alphyl refers to the aliphatic residues and aryl to the aromatic ; whilst aromatic 
residues possessing aliphatic characteristics are referred to as alpharyl. Car- 
boxylic acid residues, too, are referred to as acyl and differentiated into alphacyl 
and aracyl (C. 1899, I. 825). Schlossberger has suggested that the names of 
acid radicals should end in “ oyl ” similarly to benzoyl : thus acoyl, alphacoyl 
and aracoyl groups may be spoken of {Ann. 439, Anm. 3). 

A revised code of rules for the nomenclature of organic compounds was 
drawn up in 1931 by the International Union of Chemistry, and these are pub- 
lished in J.C.S. 1931, 1607. It is recommended that arable numerals be used 
throughout for the numbering of carbon chains, but in this edition the older 
custom of using Greek letters for numeration of open chains, and arable numerals 
for rings has been systematically followed, with the exception of sugar derivatives, 
where the use of arabio numerals has been customary for some time. 




L FATTY COMPOUNDS, ALIPHATIC SUB- 
STANCES OR METHANE DERIVATIVES, CHAIN 
OR ACYCLIC CARBON DERIVATIVES 

1. HYDROCARBONS 

The hydrocarbons may be regarded as the parent substances from 
which all other carbon compounds arise by the replacement of the 
hydrogen atoms by different elements or groups. 

We distinguish (1) saturated and (2) unsaturated hydrocarbom. The 
first contain only singly linked carbon atoms, whilst the unsaturated 
contain pairs of carbon atoms united doubly and trebly. The satu- 
rated series is usually referred to as the methane series or the paraffins 
(paraffin is derived from ^arum affinis in reference to their lack of 
reactivity). 

A. SATURATED HYDROCARBONS 
(Paraffins or Methane Hydrocarbons) 

Methods of Formation and Projperties of the Paraffins , — ^The 
saturated hydrocarbons are formed in the dry distillation of wood, 
peat, bituminous shale, brown coal, coal, particularly the boghead 
and cannel coal rich in hydrogen ; hence they are present in illuminat- 
ing gas and in the light oils of coal-tar. They occur already formed 
in petroleum, particularly in that from America, which consists almost 
exclusively of them, and contains most members from methane to the 
highest. It is difficult to isolate the individual hydrocarbons from 
such mixtures. Before advancing to the general methods used in the 
preparation of the paraffins — methods by which each separate member 
can be easily obtained in pure condition — ^it will be best to discuss 
the two important bodies, methame and ethane. 

(1) Methane, Methyl Hydride, Marsh Gas, CH^, is produced in the 
decay of organic substances ; it is, therefore, disengaged in swamps 
(marsh gas) and mines, in which, mixed with air, it forms fire-damp. 

In certain regions, like Baku in the Caucasus and the petroleum 
districts of America, it escapes, in great quantities, from the earth. 
It is also present, in appreciable amount, in illuminating gas. A 
borehole sunk to 247 metres deep near Hamburg in 1910 yielded gas 
containing 91 per cent, of methane. 

The synthesis of methane, the simplest hydrocarbon, from which 
all the fatty bodies may be derived, is particularly important. By 
the' synthesis of a carbon compound is understood its formation from 
the elements, or from such carbon derivatives which can be obtained 
from the elements. Under proper conditions hydrogen and carbon 
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may be directly combined, with the production of acetylene CH^CH 
(p. 83), together with only a small quantity of methane. The latter 
can be obtained (1) from carbon disulphide CS2 (which may also be 
made directly from its constituents) (a) if the vapours of this volatile 
substance, mixed with hydrogen sulphide gas, be passed over red-hot 
copper (Berthelot ) : 

0 -f 2S = CS 2 ; CS 2 + 2 H 2 S -t- 8 Cu = CH 4 -f 4 CU 2 S, 


Or (b) the carbon disulphide may be converted by chlorine into carbon 
tetra-chloride CCI4, and this reduced, by nascent hydrogen (sodium 
amalgam and water) : 

CS2 + 3CI2 = CQi + S^Cla ; CCI4 -f 8H = CH4 + 4 HC 1 . 

(2) Methane is also formed from carbon monoxide and hydrogen, 
if the mixture of gases be exposed in an induction tube to the action 
of electricity (p. 83), (Ann. 169, 270), or is led over freshly reduced 
nickel (Compt. rend. 134, 514): 

2 C 4 - Oa = 2CO CO -f- SHg = CH 4 + HgO. 

Methane is also obtained quantitatively from carbon monoxide 
and excess of water vapour, when the mixture is led over a nickel 
catalyst at 275° (Compt. rend. 1930, 191, 186): 

4CO -f 2HaO = 300^ + OH 4 . 

(3) Aluminium carbide is decomposed, in the cold, by water, forming methane 
and alu m inium hydroxide (Ber. 27, R. 620 : 29, R. 613) : 

C3AI4 + I2H2O « 3CH4 + 2 Ala(OH) 8 . 


(4) Methyl alcohol or wood-spirit, CHs'OH, can be converted into methane 
by first changing it to methyl iochde, and then reducing the latter with nascent 
hydrogen from moist zinc-copper, or with zinc dust in the presence of alcohol 
(Ber. 9, 1810), or with potassium hydride (C. 1902, 1. 708), or by preparing zinc 
methyl, Zn(CH 2 ) 2 » from methyl iodide, and decomposing it with water : 


OHg-OH 


> CH 3 I + 2H = CH 4 + HI 


Zinc methyl. 


HOH _ CH 4 
HOH - OH. 


+ Zn< 


OH 

OH 


(5) Instead of using zinc methyl, it is more convenient to decompose an 
ether solution of methyl magnesium iodide with water : 

CHgMgl + HjO - CH 4 + Mgl-OH. 


In the laboratory methane is made (6) by heating sodium acetate 
with soda-lime, of which the active ingredient is sodium hydroxide. 
The addition of the Kme is for the purpose of protecting the glass 
vessel from the corroding action of the molten sodium hydroxide : 

CHa-COaHa + NaOH -= CH 4 -f 

Properties . — ^Methane is a colourless gas possessing a slightly alli- 
aceous odour. Its critical temperature is — 82°, and its critical 
pressure 45*6 atm. At low t-emperatures it forms colourless needles, 
which melt at — 184°. The boiling point under atmospheric pressure 
is — 164°. It is slightly soluble in water, but more readily m alcohol. 
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It burns with a faintly luminous, yellowish flame, and forms explosive 
mixtures with air, oxygen, and chlorine : 

CH4 -f 20a ~ ^^2 4- 2H3O (steam). 

1 vol. 2 vols. 1 vol. 2 vols. 

It is decomposed into carbon and hydrogen by the continued 
passage of the electric' spark. 

Formaldehyde is obtained from methane by the action of ozonized 
oxygen at ordinary temperatures. (This reaction can be used for the 
estimation of methane in gaseous mixtures, Ber. 45, 3515.) The 
partial oxidation of methane by leading a mixture of methane and 
air over vanadium pentoxide at 300° also yields formaldehyde (C. 
1921, III. 1318). When mixed with two volumes of chlorine it 
explodes in direct sunlight, with separation of carbon, 

CH4 + 2CI2 = C + 4 HC 1 . 

In diffused sunlight chlorine substitution products are produced : 

CH4 + CI2 = HCl + CH3CI — ^Monochloromethane or methyl chloride. 
CH3CI + CI2 = HCl -f CHgCla — ^Dichloromethane or methylene chloride, 
CH2CI2 4 - CI2 == HCl -f CHCI3 — ^Triehloromethane or chloroform. 

CHCI3 + CI2 == HCl + CCI4 — ^Tetrachloromethane or carbon tetrachloride. 

Through methyl chloride methane may be converted into methyl 
alcohol, ethane, ethyl alcohol, and acetic acid. 

Fluorine reacts explosively at — - 187°. 

Ethane, Ethyl hydride, Dimethyl, CHg-CHs, was discovered in 1848 
by FranUand and Kolhe, 

It is formed by the following reactions : 

(1) From the unsaturated hydrocarbons, acetylene and ethylene, by 
the addition of hydrogen, whereby the double or triple link is broken 
down : 

C2H2 + 2H2 = CgHe 
C3H4+ Hg^CgHe. 

(2) From the corresponding alcohol, ethyl alcohol, by way of (a) 
ethyl iodide or (6) of zinc ethyl, just as methane was prepared from 
methyl alcohol : 

C^HgOH ^CaHfil + 2 H = CaH^-H + HI 


+ non = {FranUand). 

Or (c) magnesium ethyl bromide may be decomposed by water ; 
or (d) mercury ethyl by concentrated sulphuric acid : 

CgHsMgBr -h H2O = CaHe + MgBr-OH 
(C2H5)2Hg + H2SO4 == 2C2H5-H + HgSO* (Schorle7nm€r), 

(3) From Compounds derived from Methane , — ^These last three 
methods led to the assumption that ethane was ethyl hydride. The 
following reactions show how ethane can be formed from the union 
of two methyl residues, and hence led to the view that the hydro- 
carbon was dimethyl, (a) Sodium is allowed to act on methyl iodide 
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— the reaction is accelerated by the addition of one drop of acetonitrile 
(C. 1901, IL 24) — or (b) zinc methyl may be substituted for the metal : 

2CHaI -f 2 Na = CH* - CH^ + 2NaI 
2CH3I +‘(CH3)2Zn = 2CH3 ~ CH3 + Znlo. 

(4) By heating acetic anhydride with barium peroxide. Acetyl 
peroxide is the first product, which then breaks down into ethane 
and CO 2 {SchUtzenberger, 1868). 

2(CH3C0)20 + BaOg CgHe + (CH3C0-0)2Ba -f 2CO., 

From a theoretical point of view (5) the electrolysis of a con- 
centrated solution of potassium acetate (p. 84) (the method used by 
Kolbe (1848) by which he discovered ethane), is of great importance. 
The salt breaks down into its two electrochemical constituents— 
potassium, its electro-positive ion, appearing at the negative pole and 
separating hydrogen from water at that point, and the unstable electro- 
negative ion radical CHa-COg — , which decomposes at the positive 
pole into — CH3 and CO 2. Two methyl groups then unite to dimethyl, 
just as two hydrogen atoms combine to form a molecule of that element. 
+ - + 

K HOdI CH 3 " ' 

+ ; == + 2003 + 2KOH + | 

CH 3 CO 2 K HO:H CHs H 

It has been suggested that the Kolbe synthesis proceeds via the intermediate 
formation of acetyl peroxide, (CHgCO'O)^, which then breaks down into CjjHg 
and 2 CO 2 . The recent experiments of Walker (J.C.S. 1928, 2040) on the break- 
down of acetyl peroxide do not support this view. He was unable to obtain 
large yields of ethane by the thermal decomposition of acetyl peroxide, but 
always obtained a large amount of methane, which is not, in fact, produced by 
the electrolysis of potassium acetate. 

Both Kolbe and Frankland believed that ethyl hydride CgHg-H differed from 
dimethyl CHg-CHa- Such a difference was not possible in the light of the valence 
theory. By converting the hydrocarbon from (C 2 H 5 ) 3 Hg and that obtained in 
the electrolysis of potassium acetate into the same ethyl chloride Schorlernmer 
{186S) proved the identity of ethyl hydride CgHs-H and dimethyl CHg-CHg. 

HjSO, CU 

(CjHsl^Hg CaHs-H ^ C2H5CI. 

electric current CU 

2CH3-C02K— CHs-CHg CHaCHaCl. 

Properties, — Ethane is a colourless and odourless gas. Its critical 
temperature is + 34° and its critical pressure 50*2 atmospheres. It 
melts at — 172° and boils at — 84° under 760 mm. Its general 
behaviour resembles that of methane. 

Homologues of Methane and Ethane 

Nomenclature and Isomerism, — In consequence of the equivalence 
of the four valencies of carbon, no isomers are possible for the first 
three members of the series CrtH2/i+2 : 

CH4 CH3— CH3 CHs— CH2— CH3. 

Methane. Ethane. Propane, 

Two structural isomers exist for the fourth member, C4H10 : 

OH 

CH,— CHj— CHj— CHj aiul CH^Ch’ 

Normal Butane. 

zjfoButaue. 
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In the name trimethylmethane for ^6'obutane, isomeric with normal 
butane, it is indicated that this substance is derived from methane by 
the replacement of three hydrogen atoms by three methyl groups. 
For the fifth member, pentane, C5H12, three isomers are possible : 


CHa— CH3 
Nonuul rentanp. 


/CH3 
GH(. CH 3 
NCHa-CHg 
Dimethylethylniethane, 



Totramethylmethane. 


and 


The number of theoretically possible isomers now increases rapidly. 
Hexane, C(5Hi4, has 6 isomers ; heptane, 9 isomers ; octane, 

CflHia, 18 isonaers ; tridecane, C13H28J 802 isomers. On the calcu- 
lation of the number and nature of the isomeric paraffins, see Chem. 
Ztg. 1898, I. 395. 

Commencing with the fifth member, the names are formed from 
the Greek words representing numbers. 

Formation . — In pi*eparing the homologous paraffins, the homologues 
of ethyl alcohol CwHon+i-OH and the saturated fatty acids are 
employed. 


I. Formation from cemfourds containing the same number of 
carbon atoms 

(1) From the unsaturated hydrocarbons by the addition of hy- 
drogen (see Ethane). 

(2) By the reduction of alcohols, ketones, and carboxylic acids. 

(а) The alcohol, for example ethyl alcohol, is changed to the 
chloride, bromide, or iodide, which is then reduced with nascent 
hydrogen, by means of zinc and hydrochloric acid, or sodium amal- 
gam and alcohol. The iodide may alternatively be treated with 
aluminium chloride (Ber. 27, 2766). 

Thus, propane has been prepared from the two propyl iodides C 3 H 7 I by zinc 
and hydrochloric acid, as well aa from iwpropyl chloride by sodium-ammonium 
(C. 1905, II, 112). By heating the alkyl iodides with zinc and water in sealed 
tubes at mO-l 80"’, paraUins are obtained. 

(б) The saturated fatty acids, C„H2«+i-C02H, particularly the higher members 
of the series, may be reduced to the corresponding paraffins by beating them 
with coricentrated hydriodic acid and red phosphorus to 200-250® : 

Ci^Ha/COaH + 6 HI = CigHaa + Slg + 2 H 2 O. 

Steuric acid. Octadecane. 

(c) The ketones resulting from the distillation of the calcium salts of 

fatty acids, are reduced to paraffins when they are heated with hydriodic acid. 
It is more practical first to prepare the keto-chlorides by the action of phosphorus 
pentachloride upon the ketones, and then to reduce them. 

The last two reactions especially were applied (Ber. 15, 1687, 1711 ; 19, 2218) 
in the preparation of the normal hydrocarbons from nonane, (^^[^(CHalvCHg, to 
tetracosane, CH 8 (CH 2 )£ 2 CH 3 , 

Acetoacetic ester and its mono- and d.ialkyl substitution products yield 
paraffins on electrolytic reduction in sulphuric acid solution ; changes in the 
carbon skeleton may, however, take place during the reduction (Ber. 45, 437). 

(3) From Organometallic Coi'npounds . — ^The alcohol is changed by 
way of the alkyl iodide into a zinc or mercury alkyl, and the zinc 
alkyls are then decomposed by water (see Methane and Ethane), 
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and the mercury alkyls by acids (see Ethane). Also, the easily 
prepared magnesium halogen alkyls may be decomposed by water, 
thereby liberating the paraffin (C. 1901, I. 1000). 

II. Formation from compounds containing a greater number of 
carbon atoms 

(4) A mixture of the salts of fatty acids and an alkali hydroxide, 
or better, soda-lime, is subjected to dry distillation. 

* R*COONa -h NaOH = NagCOa + R-H. 

When the higher fatty acids are subjected to this treatment, the 
usual products are the ketones. Hydrocarbons are, however, produced 
when sodium methoxide is used in place of soda-lime (Ber. 22, 2133). 

The dibasic acids are similarly decomposed : 

< CO *Na 

+ 2NaOH = + 2 Na 2 C 03 . 

COg-Na 


III. Formation by joining two alkyl groups together 

(5) Method of Wurtz : this consists in the action of sodium (or 
reduced silver or copper) on the bromides or iodides of the alcohol 
radicals in ethereal solution (see Ethane). Thus with sodium : 

C 2 H 5 I yields C 2 H 5 *Cj 5 H 5 Diethyl or normal Butane. 

CHsCHjCHgl „ C 3 H 7 *C 8 H 7 Di-propyl or normal Hexane. 

GHjCHaCHgCHgl „ C 4 H 9 ‘C 4 H 9 Di-butyl or normal Octane. 

The addition of one or two drops of acetonitrile accelerates the reaction 
(C. 1901, 11. 24). This reaction proceeds especially easily with normal alkyl 
iodides of high molecular weights. Thus, Hell and Hdgele, by fusing myricyl 
iodide with sodium, obtained hexacontane, a compound having the 

longest normal carbon chain known up to the present time (Ber. 22, 502). By 
employing a mixture of the iodides of two primary alcohols, a mixture of hydro- 
carbons results, e.gr. a mixture of R*I and R'T gives with sodium a mixture 
of the hydrocarbons RR, RR', and R'R'. The iodides of optically active alcohols, 
e.gr, optically active amyl iodide, yield optically active paraffins. Magnesium 
acts similarly to sodium on the iodides of the higher alcoholic radicals (C. 1901, 
I. 999 : Ber. 36, 3083), for example : tertiary butyl bromide and magnesium 
give hexamethylethane (CH 8 ) 3 C*C(CHs) 3 , which is also formed by the interaction 
of pentamethylethyl bromide and methyl magnesium bromide (C. 1906, II. 748) ; 

C(CH 3 ) 3 'C(CH 3 ) 2 Br + CHaMgBr « (CH 3 ) 3 C-C(CH 3)3 + MgEr^. 

(6) Action of zinc alkyls on alkyl halides and ketone chlorides : 
thus, tertiary butyl io&de and zinc ethyl give trimethylethylmethane 
(Ber. 32, 1445 : 33, 1905) ; jS-dichloropropane is changed by zinc 
methyl into tetramethylmethane : 


ci^>co- 

Acetone. 


PCI* 


+ ZnC^l = + ZnCl, 


CH3 _ CH3. 


-CH3 


Acetone chloride. 


The alkyhnagnesium halides* also react with alkyl halides, but less 
readily than the zinc alkyls, with the formation of paraffins (Ber. 
37, 488). 


♦ R is a general abbreviation for an alkyl group, and means CHs, CgHs, G 3 H 7 , 
or, in general, a group C„H 3 n 4 .i. The abbreviations Me, Et are frequently used 
for the methyl and ethyl groups and Ac for the acetyl group, GHj-GO — . These 
abbreviations will be used in this book where convenient. 
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(7) By the electrolysis of the alkali salts of fatty acids (see Ethane). 
Alcohols may occur as subsidiary products : methyl alcohol from 
potassium acetate ; ethyl alcohol from sodium propionate. Also 
unsaturated hydrocarbons, as isobutylene, are produced from tri- 
methylacetio acid. 

Synthetic Methods . — ^The last group of reactions comprises syn- 
thetic methods for the building up of hydrocarbons. In the for- 
mation of methane from carbon disulphide and hydrogen sulphide 
it was explained what in general was understood by the synthesis 
of a carbon compound. Those reactions in which carbon atoms, not 
before combined with one another, become united, claim particular 
importance in the s 3 mthesis of the compounds of carbon (Lieben, 
Ann. 146, 200). Such reactions are the synthetic methods of organic 
chemistry in the more restricted sense, and may be called nuclear 
syntheses. 

The synthesis of a carbon compound from derivatives of known 
structure is one of the most important means employed for the 
recognition of its structure or constitution. 

Properties of the Paraffins . — ^The lowest members of the series up 
to butane and tetramethyl methane are gases at the ordinary tem- 
perature. The middle members are colourless liquids, with a faint 
but characteristic odour. The higher representatives, beginning with 
hexadecane, CieHa^, m.p. 18°, are crystalline solids. The highest 
members are only volatile without decomposition under reduced 
pressure. The boiling points rise with the molecular weights ; the 
difference for CHg is at first 30°, and with the higher members it 
varies from 25° to 13°. 

The boiling points of propane, of the two butanes, the three 
pentanes, and the fi.ve known hexanes are given in the following 
table. All the theoretically possible isomers are known ; 


Kame. 

CgHg Propane 

C^Hjo Butanes 

Normal Butane .... 
^^oButane (Trimethylmeth- 

ane) 

CjHja Pentanes 

Normal Pentane . . . 

i^oPentane (Dimethylethyl- 

methane) 

Tetramethylmethane . . 

C 4 H 14 Hexanes 

Normal Hexane . . . 

iaoHexane (Dimethylpropyl- 
methane) ..... 
Methyldiethylmefchane . 

Diwopropyl 

Trimethylethylmethane 


structural Formula. B.P 
CHg-CHg-CHg 

. at 760 mm. 
- 45° 

CHg-CHg-CHg-CHg 

+ 1 “ 

CH3*CH(CH3), 

- 11-5° 

CHsiCHjlg-CHs 

+ 3S® 

(CHg)2CH-C2H5 

C(CH3)4 

-h 30° 

+ 

CHaECHJ^CHg 

+ 71° 

(CH3)3CH-[CH,]3CH3 

CHaCHCCgHsla 

(CHalgCH-CHlCHs)^ 

(CH3)3C-C3H5 

+ 62° 

4 - 64 ° 

+ 58° 

-f 49° 


It is evident from this table that among isomers those with 
normal structure (p. 35) have the highest boiling points : generally 
the accumulation of methyl groups in the molecule lowers the boiling 
points. The same regularity will be again encountered in other 
homologous series. 
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The subjoined table contains the melting points, boiling points, 
and the specific gravities of the known normal paraffins : 


M.P. B.P. 


Heptane 

C,Hj, 


. 


f 98*4® 

Octane .... 

CsHis 

. 

. 


125*5® 

Nonane .... 

CsHm 

— - 

51® 

S 

149*5® 

Decaiie .... 

CjoHaa 

— 

32® 


173® 

Undecane 


— 

26*5® 

k 

194*,5® 

Dodecane . 

CjAs 

— - 

12 ® 

p< 

214® 

Tridecane . 

^13^28 


6 * 2 ® 

i 

234® 

Tetradecane 


+ 

5*5® 

S2 

252*5® 

Pentadecane 


+ 

10 ® 


270*5® 

Hexadecane 

Ci,H34 

+ 

18® 

1 

287*5® 

Heptadecane 

CjjHao 

+ 

22*5® 

P 

303° 

Octadecane . 


4- 

28® 


317® 

Nonadecane 

• CisHgo 

+ 

32® 


,330® 

Eieosane 

• ^20^42 

+ 

36*7° 

4 ; 

'205® 

Heneicosane 

• CgiH„ 

+ 

40*4° 

1 

215° 

Docosane 

• CggHgg 

+ 

44.40 


224*5® 

Trieosane 

■ CggHgg 

+ 

47*7® 

A 

234® 

Tetraeosano 

• CggHgg 

+ 

5M® 

i 

243® 

Heptacosane 

• Cg,Hg. 

+ 

59*5® 

s' 

270® 

Nonocosane 

• CggHgg 

+ 

62*7® 



Hentriacontane 

• CggHgg 

+ 

68 * 1 ® 


302® 

Dotriacontane . 

• CggHgg 

+ 

70*0® 

5 

310® 

Pentatriacontane . 

• CggH„ 

+ 

74*7® 


^331® 

Hexacontane . 

• CgoHgjg 

+ 

102 ® 

. 



Sp. Gr. 


0*7006 (O'*) 
0*7188 (O*^) 
0*7330 (O'") 
0*7456 (0®) 


0*7745 

0*773 

0*775 

0*775 

0*775 

0*775 

0*776 

0*776 

0*777 

0*777 

0*778 

0*778 

0*778 

0*778 

0*779 

0*780 

0*781 

0*781 


at their 
m,p. 


n-Heptane is formed during the distillation of the resin of Pinm Sabiniana 
and Finua J<‘Jfreyi (C. 1901, I. 1143). Methylethylpropylmethaney one of the 
isomers of n -heptane, is the simplest hydrocarbon containing an asymmetric 
C-atom (see p. 38). Its dextro-rotatory form, b.p. 91®, and [a]© = -f 9*6®, is 
prepared by the action of sodium on a mixture of ethyl iodide and d-amyl iodide 
(Ber. 37, 1046). 

A large number of isomeric octanes and nonanes have been prepared ( J.A.C.S. 
33, 520 : 34, 680), 

Of the isomers of ?i-oetane, heosamethylethane (CH 3 ) 3 C*C(CH 3 ) 3 , m.p, 104®, 
b»p. 107®, should be mentioned on account of its high vapour pressure, -and 
similarity to perchlorethane (p. 122 ) ; it results from the reaction of pontamethyl 
ethyl bromide and methyl magnesium bromide (C. 1906, XI. 748). 

Heptacosane and hentriacontane have been found in American tobacco 
(C. 1901, 11. 395). 

ti-Nonoco8a7ie has been obtained from cabbage fat (Biochein, J. 23, 168). 

The saturated hydrocarbons are insoluble in water, whilst the lower and 
intermediate members are readily soluble in alcohol and ether. The solubility 
in these last two solvents falls with increasing molecular weight : dimyricyl, 
CfioHi 22 » ni.p. 102 ®, is scarcely soluble in either of them. 

The specific gravities of the liquid and solid hydrocarbons increase with their 
molecular weights, but are always less than that of water. It is remarkable that 
in the case of the higher members the specific gravities at the point of fusion are 
almost the same. They rise from 0*773 for dodecane, CigHgo, to but 0*781 for 
pentatriacontane, C 35 H 72 ; consequently the molecular volumes are nearly 
proportional to the molecular -weights (Ber. 15, 1719 : Ann. 223, 268). 


The paraffins are not absorbed by bromine in the cold or sulphuric 
acid, being in this way readily distinguished and separated from the 
unsaturated hydrocarbons. They are very stable, and, in con- 
sequence, react with difficulty. Fuming nitric acid and even chromic 
acid are without much elBFect upon them in the cold ; when heated, 
however, they generally are oxidized directly to carbon dioxide and 
water, Recently, 7i-hexane and ?i-octane have been nitrated by 
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heating them with dilute nitric acid. The isomers are more easily 
attacked than are the normal paraffins. When acted on by chloi;ine 
or bromine they yield substitution products. 

When paraffins are nitrated or chlorinated, in general the hydrogen 
attached to a tertiary carbon atom is replaced rather than that 
attached ‘to a secondary, and the latter rather than that attached 
to a primary carbon atom. 

W^hen oxidized in a current of air at 100°, paraffin- wax yields a 
mixture of fatty acids and non-acidic compounds, from which the 
isolation of individual substances is nearly impossible. By the 
oxidation of pure ?i-triacontane, it has been shown that the first 
product is probably a secondary alcohol, which is then oxidized to 
a ketone, and this to the acids. Oxidation probably starts at the 
fourth carbon atom of the chain, and the product with the longest 
chain which was isolated was one containing 26 carbon atoms (Francis 
and Wood, J.C.S. 1927, 1897). 

Technical Production of the Saturated Hydrocarbons. — The 
hydrocarbons, readily obtainable on a commercial scale, are em- 
ployed in enormous quantities for illuminating and heating purposes, 
are also used as solvents for fats, oils, and resins, as lubricants for 
machinery, and as salves. 

The great abundance of mineral oil, petroleum; rock-oil, naphtha, 
is of the utmost importance to chemical industry. The oil is very 
widely distributed, but only occurs in certain districts in sufficiently 
large quantities to be usefully worked. It is especially abundant in 
Pennsylvania and Canada, although it is also found in the Crimea 
along the Black Sea, and at Baku on the shore of the Caspian, as well 
as in Hungary, Galicia, Roumania, and the Argentine Republic. 
Its occurrence in Germany, in Hanover, and in Alsace is limited. 
Since the year 1859 efforts have been put forth to work oil wells 
which have been known for many years, and also to make new borings. 
(See C. Engler and H. Hofer, Das Erdol, Hirzel, 1913.) 

In 1926 the world-production of crude oil was some 147 million 
tons : of this America produced 103, Russia 7*4, Galicia 0*8 and 
Roumania 2*3 millions. 

In a crude state it is a thick, oily liquid, of brownish colour, which 
appears green by reflected light. Its more volatile constituents are 
lost upon exposure to the air ; it then thickens and eventually passes 
into asphaltum. The greatest differences prevail in the various kinds 
of petroleum. It is very probable that petroleum has been produced 
by the decomposition of the fatty constituents of fossil animals. This 
took place under the influence of great pressure and the heat of the 
earth. The distillation of fish blubber under pressure has yielded 
products very similar to American petroleum (Engler, Ber. 26, 1449 : 
30, 2908 : 33, 7 : Ochsenius, Ber, 24, R. 594). 

By distillation with kieselguhr or aluminium chloride, cholesterol 
yields a similar mixture of hydrocarbons, which, like natural petro- 
leum, is optically active (Steinkopf, J. pr. Chem. 100, 65 : Zelinsky, 
Ber. 60, 1793). 

Mendelejeff first suggested that it was possible for petroleum to be 
formed by the action of water on the metallic carbides in the interior 
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of the earth, and Moissan subsequently came to the same conclusion 
during his investigations on the carbides (Ber. 29, R. 614). 

Apart from geological evidence the following facts contradict this 
view and favour an organic origin for petroleum : ( 1 ) a small nitrogen 
content (pyridine bases) in most specimens of petroleum ; ( 2 ) the 
optical activity of the higher fractions, which according to present 
knowledge could not be formed by such a synthesis, as this would 
lead to the formation of racemic (inactive) bodies only. 

A short review of the theories of the origin of petroleum is given 
in Naturwissenschaften, 1925, 623. 

The constituents of American petroleum possessing a low boiling 
point, consist almost entirely of saturated hydrocarbons, both normal 
paraffins and those of the general formulse Rg-CH-CH'Rg, CHR 3 , and 
CR^ (Ber. 32, 1446 : 33, 1905). Small quantities of some of the 
aroma,tic hydrocarbons (cumene and mesitylene) are present. The 
crude oil has a specific gravity of 0‘8-0*92, and distils from 30® to 
360® and higher. Various products, of technical value, have, been 
obtained from it by fractional distillation : Petroleum spirit, sp. gr. 
0*665-0-67, distilling about 50°-60®, consists of pentane and hexane ; 
petroleum benzine, sp. gr. 0-68-0*72 (not to be confounded with the 
benzene of coal tar), distils at 70-90®, and is composed of hexane 
and heptane ; ligroin, boiling from 90° to 120°, consists principally 
of heptane and octane ; refined petroleum, called also kerosene, boils 
from 160° to 300°, sp. gr. 0*78-0*82. The portions boiling at high 
temperatures are applied as lubricants ; small amounts of vaseline 
and paraffin (see below) are obtained from them. 

Caucasian petroleum (from Baku) has a higher specific gravity than the 
American ; it contains far less of the light volatile constituents, and distils at 
about 150®. Upwards of 10 per cent, of benzene hydrocarbons (CjH® to cymene 
CioHi 4 ) as well as less saturated hydrocarbons, C„H 2 «- 8 > etc., may be extracted 
by shaking it with concentrated sulphuric acid (Ber. 19 , R. 672). These latter are 
also present in the German oils (Naphthenes, Ber. 20, 595). That portion of the 
Caucasian petroleum insoluble in sulphuric acid consists almost exclusively of 
CnHjft hydrocarbons, the naphthenes, which belong to the c 2 /cZoparaffins (Vol. U) 
and are probably chiefly cj/cZopentanes, mixed with hydrogenated aromatic 
compounds. From its composition, Galician petroleum occupies a position be- 
tween American petroleum and that from Baku. 

German petroleum also contains benzene hydrocarbons (extractable by 
sulphuric acid), but consists chiefly of the saturated hydrocarbons and naphthenes 
{Kramer, Ber. 20, 595). The so-called petrolic acids are present in all varieties 
of petroleum, particularly that from Russia. 

Products similar to those occurring in mineral oil are yielded by the tars 
resulting from the dry distillation of brown-coal (from the province of Saxony), 
and of the bituminous shale (in Scotland and the Gewcrkschaft Messel, Darmstadt, 
in Hesse). These tars contain appreciably greater quantities of unsaturated 
hydrocarbons associated with the naphthenes and paraffins, as well as the aromatic 
hydrocarbons present in the tar from bituminous shales {Haualer, Ber. 28, 488 ; 
30, 2743 : Z. anorg. Chem. 1896, 319). Large quantities of solid paraffins are 
also present in these tar oils, from which up to 46 per cent, of lower boiling 
hydrocarbons can be obtained by destructive distillation at 350® to 500®. A 
mixture of paraffin hydrocarbons can be obtained from “ low-temperature tar,” 
obtained by carbonization of coal at 350-500° {Pictet, Fischer j and others, Ber. 
46, 3342; 52, 1035, 1053). 

By sola jMraffin is ordinarily understood the high-boiling solid 
hydrocaihons (above 300°) obtained by the distillation of the tar 
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of wood, peat, lignite, and bituminous shales. They were discovered 
by Reichenbach (1830) in the tar from the beech-wood, and in nature 
occur more abundantly in the petroleum from Baku than in that from 
America. In the free state they constitute the class of mineral waxes, 
which includes ozokerite (in Galicia and Roumania, and Tscheleken, an 
island in the Caspian Sea, Ber. 16 , 1547) ; and neftigil (in Baku). For 
their purification the crude paraffins are treated with concentrated 
sulphuric acid, to destroy the resinous constituents, and are then 
re-distilled. Ozokerite that has been bleached without distillation, 
bears the name ceresine, and is used as a substitute for beeswax. 
Paraffins that liquefy readily and fuse between 30° and 40° are known 
as vaselines, and find application as salves. 

When pure, the solid paraffins form a white, translucent, leafy, 
crystalline mass, soluble in ether and hot alcohol. They melt between 
45° and 70°, and are essentially a mixture of saturated hydrocarbons 
boiling above 300°, but appear to contain also those of the formula 
CwHoft. Chemically, paraffin is extremely stable, and is not attacked 
by fuming nitric acid. Substitution products are formed when chlorine 
acts upon paraffin in a molten state. 

B. UNSATURATED HYDROCARBONS 

The unsaturated hydrocarbons are those hydrocarbons containing 
one or more double or triple bonds in the molecule, and will be discussed 
here in the following classes : 

1. Hydrocarbons CnH 2 n : Olefines. 

2. Hydrocarbons CttH 2 n -2 • Acetylenes. 

3. Hydrocarbons C«H 2 »- 2 -* Diolefines. 

4. Hydrocarbons C»H 2 n- 4 . 

5. Hydrocarbons CyiH 2 w- 6 * 

6. Still more unsaturated hydrocarbons. 

1, OLEFINES OR ALKYLENES, 

The hydrocarbons of this series contain two hydrogen atoms less 
than the saturated hydrocarbons. All contain two adjacent carbon 
atoms united doubly to each other, or, as commonly expressed, they 
contain a double carbon linkage. The olefines readily take up two 
univalent atoms or radicals, whereby the double carbon union becomes 
converted into a single one : .paraffins or their derivatives result. 

The names of the olefines are derived from the names of the alcohols 
containing a like carbon content, with the addition of the suffix 
ene ” ethylene from ethyl, propylene from propyl, and finally 
for the series we have the name : alkyienes. In the “ Geneva names ’’ 
the yl of the alcohol radicals is replaced by “ ene : [ethene] from 
ethyl, [prppene] from propyl, and for the series : alkenes. In long 
series the position of the double union is indicated by an added 
number or Greek letter. Methylene, =CH 2 , the hydrogen com- 
pound corresponding to CO, has thus far resisted isolation. Two 
=CHa groups invariably unite to form ethylene — ^the first member 
of the series. Beginning with the second member of the series, 
propylene, we find, as we advance, that the olefines have isomers in 
the ring-compounds — ^the c^/cioparaffins. 
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CH 

Propylene is isomeric with c?/cfopropane, 

CH *CH 

The three butylenes are isomeric with c^ctobutane, 

The amylenes and hexylenes are similarly isomeric with q/cZopen- 
tane and oyc/^ohexane. 

The cycfoparaffins are more closely allied in chemical character 
to the paraffins than to the isomeric olefines. They do not show 
the great additive power of the latter, as addition would necessitate 
a rupture of the ring. They will be discussed in a subsequent volume 
with other ring compounds. 

Ethylene may be taken as being typical of the olefines. 

Ethylene, CH 2 —CH 2 [Etlkme\, Elayl, is also known as oUfiant 
gaSi because, by the action of chlorine, it yields an oily compound, 
ethylene chloride (q.v,). This property has given the name to the 
whole series. Ethylene is formed during the dry distillation of many 
organic bodies, and is present in illuminating gas to the extent of 
4 to 5 per cent. 

Methods of Formaticyti, — (1) By heating methylene iodide, CHoIg, 
with metallic copper to 100° in a sealed tube (Butlerow) : 

CHa 

2CH2la 4- 4Cu = || + 2 CU 2 I 2 . 

CH 2 

(2) By the action of metallic sodium on ethylidene chloride 
(Tolkns) and ethylene chloride, as well as from zinc and ethylene 
bromide : 


CHCb CHaCl CHa CH^Br CHg 

i or I 4 2Na ^ 11 4 2NaCl ; | 4 Zn « || 4 

CH3 CH2CI CH2 CHgBr CHjj 

A convenient laboratory method for the preparation of pure 
ethylene is the action of the zinc-copper couple on an alcoholic 
solution of ethylene bromide. 

(3) By the action of zinc and ammonia on copper acetylide, or 
by hydrogenation of acetylene in presence of finely divided metals 
such as nickel. 


CH 

111 4 2H- 
CH 


CHa 
11 . 
CH 3 


(4) By the action of alcoholic potassium hydroxide on ethyl 
bromide : 


CHjjBr CHg 

I 4 KOH = II 4 KBr 4 H./). 

CH 3 CHg 

(5) Upon heating ethyl sulphuric acid (p. 168). This is the method 
usually pursued in the laboratory for the preparation of ethylene 
(Ann. 192, 244) : 

= H5SO1 + C*H,. 


Sulphuric acid may be replaced, with advantage, by syrupy phos- 
phoric acid, because no charring occots when this acid is employed. 
The ethylene is evolved when alcohol is slowly dropped into the acid 
which is heated to 200-220° (0. 1901, II. 177). 
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(6) By the electrolysis of a concentrated solution of potassium 
succinate (see Ethane) {Kckul ^ : 


t 

ch/cojk 

1 "f* 

ch^cjoJk hoh 


t 

= II + 2COo -f 2KOH + 1 . 
CHa “ H 


Properties , — Ethylene is a colourless gas, with a peculiar, sweetish 
odour : it is now sometimes used as an anaesthetic. Water dissolves 
but small quantities of it, whilst alcohol and ether absorb about 
2 volumes. It is liquefied at 0®, at a pressure of 42 atmospheres. 
Its critical temperature is 13®, and its critical pressure exceeds 60 
atmospheres. It melts at — 169° and boils under atmospheric pressure 
at — 105®. It can be used for the production of very low tempera- 
tures (Ber. 32, 49). It burns with a bright, luminous flame, decom- 
posing initially into methane and acetylene (Ber. 27, R. 459), A 
mixture of ethylene and chlorine when ignited burns slowly with a 
very sooty flame. It forms a strongly explosive mixture with oxygen 
(3 volumes). 

Reactions, — (1) In the presence of platinum black, it will combine 
with hydrogen at ordinary temperatures, yielding CaHg (Ber. 7, 354). 

(2) It is absorbed by concentrated hydrobromic and hydriodic 
acids at 100°, with the production of C 2 H 5 Br and CgHgl : 

CHa CHj CHo CHgl 

II + Ha - I ; II + HI - I . 

CHa CHg CHg CHg 


(3) It combines with sulphuric acid at 160°-174® forming ethyl 
hydrogen sulphate, and with sulphuric anhydride to yield carbyl 
sulphate. The combination of ethylene with sulphuric acid in the 
presence of metallic catalysts is of technical importance in the con- 
version of ethylene to ethyl alcohol (C. 1921, II. 265). 



+ SO; 


< 


OH 

OH 



O-CaHs 

OH 


CHg 

I! 

CH., 


+ 2 SO 3 = 


CHg-O-SO. 

I 

CHg— SO 2 



(4) It unites readily with chlorine and bromine, as well as with 
iodine in alcoholic solution, and with the two iodine chlorides (Ber. 
26 , 368) : 


CHg 

11 

CH 2 


+ Bra - 


CHaBr 
! ; 
CHaBr 


CHa CHaOl 

II + ClI - I 

CHg CHal 


The roaction between ethylene and bromine is catalysed by tlio glass surface 
of the reaction vessel and does not take place if the glass is covered with paraffin ; 
Korrish, J.C.S., 123, 3006. 


(5) It forms the monochlorhydrin of glycol by its union with 
hypochlorous acid. 

(6) Ethylene glycol itself, however, is produced by carefully 
oxidizing ethylene with dilute potassium permanganate, which acts 
as if hydrogen peroxide added itself to the ethylene : 

CHo ’ CH 2 CI CHg OH GHgOH 

11 + ClOH « 1 ; II *f 1 = I 

CHjj CH 2 OH CHa OH OHgOH 

(7) Ethylene combines with ozone to give the ozonide, a colour- 
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less, very explosive liquid, which is decomposed by water into form- 
aldehyde and formic acid (Ber. 42, 3305) : 


CHg^CHa 


CHa—CH^ 


Y 


> CHjO + H-COaH. 


The constitution of the ozonide is discussed oif p. 106. 

. At 685° ethylene can be oxidized by atmospheric oxygen to 
formaldehyde in good yield (Willstatter, Ann. 422, 36). 

( 8 ) By the action of nitrating acid at 0°, glycol dinitrate 
C 2 H 4 ( 0 N 02)2 jS-nitroethyl nitrate NOaCaH^'ONOg are produced 
{Wieland, Ber. 53, 201). 

(9) Addition of N 2 O 3 and NOj to ethylene yields a pseudo^mtiosite 
(bis-nitrosonitro compound) and a dinitro compound (Wieland, Ann. 
424, 72). 


CHa'CHaNOa 

1 

(N0)2 psewi^onitrosite 

I 

CHa-CHaNOa 


CHa-CHa 

j I dinitro compound. 
NOgNOa 


(10) Ethylene and its homologues readily form co-ordination com- 
pounds with many metallic salts such as CuCl . . . C 2 H 4 , HgO (Ann. 
370, 286) : CaH 4 . . . HgO&Cl (Ann. 420, 170 : Ber. 53, 984) : 
AlCl 3 * 3 C 2 H 4 -HaO (J.A.C.S. 38, 1384). The mercury compound is 
fairly stable, but the cuprous and aluminium compounds are unstable. 

Ethylene Homologues. — Higher olefines are found in the tar 
obtained from bituminous shales (Ber. 28, 496), in American petroleum 
(C. 1906, n. 120), and apparently also in coal tar (Ber. 38, 1296). 

Olefine isomers appear first with butylene. Three modifications 
are possible and are known : 

( 1 ) CH^— CHa— CH-CHg ( 2 ) CHg— CH=CH— CH 3 (3) CHa-qCHs)^ 

Butylene. jjseurfoButylene. iso Butylene. 

j} 5 e^edoButylene has been obtained in two geometrical isomeric modi- 
fications (p. 41) (Ann, 313, 207) : 



cis-jJsewtfoButylene, b-p. 1-1-5®. im>w-39sou(i!oButylene, b.p. 2'5®, 

Five olefines of the formula OsHio are possible. 

Methods of Formation, — ( 1 ) The halogen derivatives, readily formed 
from the alcohols, are digested with alcoholic sodium or potassium 
hydroxide. 


In this reaction the haloid (especially the iodide) derivatives corresponding 
with the secondary and tertiary alcohols break up very readily. Propylene 
has been obtained from ^opropyl iodide, a-butylene from the iodide of normal 
butyl alcohol, ^-butylene from secondary butyl iodide, and isobutylene from the 
iodide of tertiary butyl alcohol. Many others have been prepared in the same 
way. Heating with lead oxide effects the same result (Ber. 11 , 414). Tertiary 
iodides yield oleffnes when treated with ammonia. 


(2) Distillation of the monohydric alcohols, C»H 2 n+xOH, with 
dehydrating agents, e.g. sulphuric acid, zinc chloride, and phosphorus 
pentoxide (C. 1901, II. 77), or boron trioxide or oxalic acid (C. 1898, 
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I. 557 : Ber. 34, 3249) or passage of their vapours over heated an- 
hydrous alumina (Ber. 36, 1990) causes the loss of one molecule of 
water and the formation of the corresponding olefine. Isomeric and 
polymeric forms are produced together with the expected olefine. 

When sulphuric acid acts on the alcohols, the alkyl hydrogen 
sulphates appear as intermediate products. When heated, these 
break down into sulphuric acid and the olefines. In many cases, 
however, the loss of water seems to be due to a true catalytic action 
of the acid (Ann. 385, 227). 

The secondary and tertiary alcohols decompose particularly readily. The 
higher alcohols, not volatile without decomposition, undergo the above change 
when heat is applied to them ; thus cetene, CieH 32 , is formed on distilling cetyl 
alcohol, CiflHg^O. 

The higher olefines may be obtained from the corresponding alcohols by dis- 
tilling the esters they form with the fatty acids. The products are an olefine 
and an acid (Ber. 16 , 3018) ; 

C 15 H 31 CO 2 C 12 H 25 - 

Dodecyl palmitate. Palmitic Dodecylene. 

acid. 

Also, xanthogenic esters decompose at relatively low temperatures into olefines, 
carbon oxysulphide and mercaptans (Ber. 32, 3332 : 46, 244). 

(3) Halogen addition products of the olefines react with metals 
to form free olefines. 

(4) By heating alkylammonium phosphates (Ber. 34, 300). 

(5) The electrolysis of the potassium salts of saturated dicarboxylic 
acids yields olefines, e,g. glutario acid yields propylene (C. 1904, II. 823). 

(6) By the action of zinc alkyls on the halogen derivatives of the 
olefines, e.g. zinc ethyl and bromoethylene yield butylene : 

2 CH 2 ; CHBr -f Zn(C 2 H 5)3 ^ CH 3 : CH-CaH^. 

(7) Higher olefines have also been obtained by the reaction of 
Wurtz (p. 96), 

(8) The formation of higher olefines by the linking of lower mem- 
bers with tertiary alcohols or alkyl iodides, is noteworthy. Thus, 
from tertiary butyl alcohol and isobutylene, by means of zinc chloride 
or sulphuric acid, diisobutylene is obtained (Ann. 189 , 65 : Ber. 27 , 
R. 626 ) : 

(CH3)3C‘0H -h CH 2 : C(CH3)3 = (CH3)3C-CH : C(CHah + HaO. 

The action of tlie ZnCla is due to the intermediate formation of addition 
products, C.J 7 . trimethylethylene and zinc chloride \mite to the crystalline com- 
poimd (CH 3 ) 2 C=«CHCH 3 , 2 'ZnCl 2 . Water converts this into dimethyl ethyl 
carbinol, whilst hydrogen chloride produces the chloride of the latter. This 
chloride and trimethylethylene then unite to form a saturated chloride, which, 
on distillation, splits off hydrochloric acid and yields diamylene (Ber. 25, R. 865). 

Tetramethylethylene (Ber. 16 , 398) is produced by heating j 8 -isoamylene 
(see p. 107) with methyl iodide and lead oxide : 

(CH3)2C : OH-CHa + CH3I = (CH3)aC ; C(CH3)2 + HI. 

In the dry distillation of many complicated carbon compounds the olefines are 
produced together with the normal paraffins, hence their presence in illuminating 
gas and in tar oils (see Ethylene). 

Properties and Beactions of the Olefines, — So far as physical prop- 
erties are concerned, the olefines resemble the saturated hydro- 
carbons ; the lower members are gases, the intermediate mobile 
liquids, whilst the higher (from Ci 6 H 82 upwards) are solids. Generally, 
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their boiling points are a few degrees higher than those of the corre- 
sponding paraffins. 

In chemical properties, on the other hand, they differ greatly from 
the paraffins. Being imsaturated, they can unite dii’ectly with two 
univalent atoms or groups, whereby the double bond becomes single. 

(1) They combine with nascent hydrogen, forming paraffins vdth 
an equal number of carbon atoms. 

(2) They combine with the halogen acids, especially easily with 
hydrogen iodide. 

The halogen acids attach themselves in such a manner to the mono- and rli- 
alkylethylenes that the halogen imites with the carbon atom combined with 
fewest hydrogen atoms (Ber. 39, 2138). As such alky le thy Ion es can be prepared 
from the proper primary alcohols by the splitting-off of water, those reac*tions 
can be employed to convert primary into secondary alcoliols, and also t(‘rtiary 
alcohols (p. 134). 

The olefines are also capable of combining with ihe fatty acids (Ber. 25, 
K. 463), but only when exposed to high temperatures (290-300®), c.//. : 

CsHnCH-CHa + = CsHiiCH(0-C0-CH:d‘CH3. 

Aniylethylone. .V(?c.-llc‘ptyl acotnto. 

(3) Concentrated sulphuric acid absorbs them, forming ethereal 
salts. This is a reaction which can be used to convert olefines into 
alcohols, and also to separate them from paraffins, which are much 
more resistant to the action of sulphuric acid (C. 1899, I. 967). 

(4) They form dihalides (see Ethylene) with Clg, Br 3, 12, OIL These 
can be viewed as the haloid esters of the dihydric alcohols — the glycols, 
into which they can be converted. 

(5) They yield chlorhydrins with aqueous hypochlorous acid. 
These are the basic esters of the glycols (see Ethylene), in which the 
hydroxyl is attached to the carbon atom with the fewest hydrogen 
atoms (C. 1901, II. 1249). 

(6) They are oxidized by potassium permanganate in dilute solu- 
tion to glycols. Benzoyl peroxide or benzoyl hydroperoxide in neutral 
solution produce ethylene oxides, which with water give glycols (Bor. 
42, 4811: C. 1911, 1. 1279: 11. 268). 

Ozone adds at the double bond to form ozonides, which are de- 
composed by water into tw^o molecules of aldehydes or ketones. 
Staudinger has recently put forward the view that the ozonides 
should be represented by the formula. (1) rather than (2). This 
compound should then break down as illustrated to give the keto- 
compounds, whereas the older formulation (2) should yield a glycol 
derivative (Ber. 58, 1088). 


(1) II2C-CR3 

ci-Lo 

/ \ /\ 
KjC CBj K»C CRa 
11 + 11 II 

O 0=0 0-0 


(2) RjC- 


0 - 0-0 


(31 isaOzonide. 

[If one R~H, (3) \ 

3fields a R^C -j- CRg. 

carboxylic |{ |j 

acid O 0 

R-OOOH] 



OLEFINES 


107 


(7) With ^2^4 the olefines unite to form pseudonitro- 

sites II’CH(N02)*CH(N0)*R and dinitro compounds 

R*CH(N02)-CH{N02)R 

respectively (Wieland, Ann. 424 , 71) : nitrosyl chloride also forms 
addition compounds. (Ber. 12 , 169 : 27 , 455 : R. 467 : C. 1901, 
II. 1201.) 

(8) Polymerization of Olefines. — ^When acted on by a number of 

reagents, such as dilute sulphuric acid (B^r. 29 , 1550), zinc chloride 
(C. 1897, I. 360), boron fluoride, the higher olefines undergo poly- 
merization, even at the ordinary temperature. Thus isobutylene, 
C4H8, yields diwobutylene, and isoamylene, C5H10, yields di- 

and triisoamylenes. Butylene and propylene similarly form polymers. 
These compounds, like the simple olefines from which they are derived, 
are unsaturated compounds. Under ordinary conditions ethylene 
itself does not polymerize, but when it is heated under pressure in 
the presence of aluminium chloride, it polymerizes, yielding not only 
olefines, but also paraffins and c^cfoparaffins. The higher olefines 
also yield c^/cZoparaffins in the presence of aluminium chloride (Ber. 
42 , 4610 : 43 , 388 : 44 , 2978 : 46 , 1748). 

(9) Isomerization of Olefines. — ^In presence of certain contact sub- 
stances, some olefines undergo at high temperatures a change in 
constitution, either by shift of the double bond, or by the wandering 
of an alkyl group, e.g. 80 per cent, of the compound MegCH-CH : CHj 
is changed to MegC : CH’CHg over alumina at 530® (Ber. 36, 2003 : 
D.R.P, 263017 : C. 1913, II. 729 : see also Bull. Soc. chim. Belg., 
1920, 29 , 192). 

Below are given the boiling points of some homologues of ethylene. 


B.P. 

Propylene CHg-CH^CHa - 48® 

a-Butyiene (E thy lethy lone) . . CHs-CHa'CH—CH^ — 5® 

jS-Butyleno (Dimethylethylene) . CHg'CH^CH-CHs + 1® (cis) 

+ 2-5® {trans) 

wfoButylone (a.<i-I)imethylethylone) . (€ 113 ) 20 —CHj ■— 6 ® 

a-Ainylono (Propylethyleno) , . CHg-CHg-CHg-CH^CHg + 39® 

jS-Amylene (^jyw-Moihylothylethylone) CHs’CHa-CHssCH-CHs 30® 
y-Amylon© (as-Mothylethylethylono) CHg-CHg-CMe—CHg + 31® 

a-i^oAmylono (?. 9 oPropylothylene) . (CH 3 ) 2 CH‘CH==CHg + 21° 

/3-t^oAmyleno (Trunethylethylono) . (CH 3 ) 2 C=CHCH 3 4- 30® 

Totramethylothyleiie . . . (CH 3 ) 2 C=:C(CH 3 )g + 73® 

« 6 Vf«Butylothyl©no .... CMeg-CH— CHg 4* 41® 


Many higher members of this series are known. /?-'isoAmylene, 
which is the principal constituent of the mixture of olefines obtained 
by dehydration of the amyl alcohol of fermentation, is of importance 
because of its use in the preparation of so-called amylene hydrate or 
tertiary amyl alcohol. 

Tetramethylethylene is formed from pinacolyl alcohol, 
CMegCHOH-CHg 

by loss of water. In this reaction a migration of a methyl group 
takes place, in the opposite direction to that involved in the pinacone- 
pinacolin change {q^v.). For a discussion of the mechanism of this 
change, see C, 1908, I. 113. 
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HYDROCARBONS, 

Two groups of hydrocarbons having this empirical formula exist : 
The acetylenes or alkines with triple linking, and 
The dioiefines with two double linkages. 

The difference in structure is clearly shown in their different 
chemical behaviour. The acetylenes (with group sCH) alone have 
the power of entering into combinations in which the hydrogen of 
the group =CH is replaced by metals. The names adopted for the 
acetylenes by the Geneva Congress are formed by substituting the 
ending “ ine ’’ for the ending yZ of alcohol radicals with like carbon 
content, hence the designation alkines. 

2. ACETYLENES OR ALKINES, 

The position of acetylene, the first member of this series, among 
the aliphatic hydrocarbons is very prominent, on account of its tech- 
nical importance, and its direct formation from carbon and hydrogen. 

Acetylene [Ethine] CH=CH was first observed by Edmund Davy, 
Berthelot introduced the name acetylene and studied the hydrocarbon 
carefull}?'. 

( 1 ) Berthelot effected the synthesis of acetylene by passing the elec- 
tric arc between carbon points in an atmosphere of hydrogen (p. 83) : 

2C + Hjj = CH=CH. 

( 2 ) It results from the decomposition of the carbides of the alkaline 
earths by water : 

0\ OH /OH 

||l)>Ca + 2H,0-||l -hCa/ . 

C/ CH \OH 

The addition of formaldehyde solution retards the evolution of acetylene from 
calcium carbide (C. 1900, 11. 1160). The gas is always contaminated by phos- 
phine, which can be removed by the action of bromine water, or better by means 
of a feebly acid solution of’ copper sulphate and of chromic acid in sulphuric 
acid (C. 1900, I. 789 : Ber. 32, 1879). On a large scale bleaching powder or 
bleaching powder and lead chromate (to avoid the evolution of free chlorine) 
are recommended as purifiers (0. 1900, I. 236 ; II. 229). 


(3) It may be prepared from methane by converting it into chloro- 
form, from which chlorine is removed by means of red-hot copper or 
heated metallic sodium (Fittig). Bromoform, CHBrs, and iodoform, 
GHI 3 , are very readily changed by silver or zinc dust into acetylene : 

CH 

2CH4 2CHCI3 ^ 111 . 

CH 


(4) Formerly acetylene was always made from ethylene bromide 
by the action of alcoholic potassium hydroxide (Ann. 191, 268). At 
first the ethylene bromide loses a molecule of hydrogen bromide and 
becomes monobromoethylene or vinyl bromide, which in turn loses a 
molecule of hydrogen bromide with the production of acetylene ; 


CHjOH 

I 

CH3 


CHgBr 

CHBr 


► I + KOH 

- 11 

+ KBr + HjO 

CHgBr 

^CHg 

CHBr 

CH 


li + KOH 

- ill 

+ KBr + H,0. 

CH, 

CH 
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(5) Acetylene is also obtained when quaternary piperazonium salts, 
which are obtained by the polymerization of dimethylchloroethyl- 
amine are boiled with alkali {Knorr, Ber. 37 , 3507). 


CHj-CHj 

/ \ 

Cl NMe, 

NMoj Cl ■ 

^CB.yCu/ 






CHoCHa 


./ 


legCl 


2C2Hji + 2NHMejj 

-h 2HC1 


( 6 ) Acetylene is also produced by electrolysis of the alkali salts 
of the stereoisomeric maleic andfumaric acids (KekuU, Ann. 131, 86 ). 


CH:COa;K 

HO.H 

OH 

(1 i "H 

— 

■—^111 -f 2 CO 2 + 2KOH -1- Hg. 

CHiOO^K 

HOH 

CH 


(7) Acetylene is evolved by the action of sodium hydroxide solu- 
tion on propargyl aldehyde : 

CH^C-CHO + HONa CHsCH + H COONa. 


( 8 ) Potassium acetylene-monocarboxylate and silver acetylene- 
dicarboxylate are decomposed on warming with water with the for- 
mation of acetylene and silver acetylide respectively. 

AgOaC'Cs^iC'COaAg > AgCsCAg -h SCOg. 

(9) Acetylene is also formed when the vapours of many carbon 
compounds such as alcohol, ether, methane, ethylene, etc., are passed 
through tubes heated to redness. Hence it is present in small amount 
in illuminating gas, to which it imparts a peculiar odour. 

Pro^ertiea, — ^Pure acetylene is a gas of agreeable ethereal odour. 
It liquefies at 1® under a pressure of 48 atm. The liquid solidifies 
when rapidly vaporized, and then sublimes at — 82°. Its critical 
temperature is + 35*5° and critical pressure 61*5 atm. It is strongly 
endothermic, and under certain conditions decomposes with great 
heat and sudden increase in volume. It should not be compressed 
in cylinders on account of the danger of explosion, but may be dis- 
solved safely in acetone, in which it is readily soluble. It is slightly 
soluble in water, more readily in alcohol, ether, acetal and ethyl 
acetate. It burns with a smoky flame, and forms an exceedingly 
explosive mixture with air over a range of composition 2-5 to 66 per 
cent, and with oxygen over a range 2 to 98 per cent. 

It is largely used for cutting and welding metals, and more recently 
has been used as a general anessthetic under the name narcyhne. 

Reactions, — ^Nascent hydrogen converts acetylene into O 2 H 4 and 
C^He. ’ Ordinary hydrogen (2 vols.) and acetylene (1 vol.), passed 
over platinum black, form C^He (Ber. 7, 362). Finely divided Hi, Co, 
Pe, and Cu behave similarly (C. 1899, I. 1270 : 1900, II. 528), 
producing at the same time high molecular cork-like condensation 
products (Ber. 32, 2381). Acetylene combines with HCl and HI, 
forming CH 3 CHCI 2 and CH 3 OHI 2 . 

Acetylene reacts with chlorine gas in the sunlight with a slight 
explosion. It forms a crystalline compound with SbClg, which is 
changed by heat into dichlorethylene, CHCl : CHCl, and SbCla. 
With bromine it forms CgHaBrj and C 2 H 2 Br 4 (Ann. 221, 138). 

In contact with HgBr* and other mercury salts acetylene unites 
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with water to yield aldehyde, which is also produced when acetylene 
alone is heated with water to 325°, or when it is passed into dilute 
sulphuric acid in presence of HgO (C» 1898, 11. 1007). Fuming sul- 
phuric acid absorbs acetylene, forming acetaldehyde di-sulphonic acid 
and methionic acid (q-v.)* With HCIO and HBrO acetylene forms 
diohlor- and dibromacetaldehyde (C. 1900, II. 29). Acetylene unites 
with an aqueous solution of mercuric nitrate to form a substance — 


which can also be obtained from acetaldehyde ; similarly, trichloro- 
mercuriaeetaldehyde (ClHg) 3 C-CHO is produced with mercuric chloride 
solution (Ber. 37, 4417). In the case of mercuric nitrite or chlorate, 
however, the similar compounds which are formed, are explosive 
(Ber. 38, 1999). In diffused daylight, contact with potassium hydrox- 
ide solution and air, acetylene changes into acetic acid. Oxidation 
with nitric acid leads to the formation of nitroform CH(N 02 ) 3 , and 
other bodies (J.C.S. 117, 283). Acetylene unites with diazomethane, 
forming pyrazole. With ozone, if sufficiently dilute, glyoxal is formed 
(Chem. Ztg. 44, 157). For other reactions, see also diagram, p. 113. 

Acetylene polymerizes at a red heat, three molecules uniting to 
form one molecule of benzene, CeHe. This is one of the most striking 
transitions from the aliphatic to the aromatic series and, at the same 
time, constitutes a synthesis of the parent hydrocarbon of aromatic 
substances (Berthelot). By the use of activated charcoal, the yield 
of condensation product can be raised to 70 per cent. (Zelinsky, 
Ber. 57, 264). 

This conversion will take place at the ordinary temperature if acetylene be 
passed over pyrophoric iron, nickel, cobalt, or platinum sponge (Ber, 29, R. 540 ; 
see also above). 

Metallic Derivatives of Acetylene , — ^The two hydrogen atoms of 
acetylene can be replaced by metals. The alkali and alkali earth 
acetylides are stable even when heated, but are decomposed by water 
with the liberation of acetylene. Copper and silver acetylides when 
dry are exceedingly explosive, but are stable in the presence of water. 
Acids evolve pure acetylene from them. 

Calcium Acetylide or Calcium Carbide, C 2 Ca, is formed when 
calcium oxide is reduced by carbon at a red heat (Wohler, 1862), 
and when a mixture of calcium oxide and sugar carbon is heated 
in electric furnaces to 3500° (Moissan, Ber. 27, R. 238 : C. 1899, 
II, 1093). It is a homogeneous mass, colourless in its purest form 
but usually obtained of a grey tint, and shows a crystalline fracture. 
If fragments of calcium carbide are dropped into a tall glass cylinder 
fiUed with saturated chlorine water, the liberated acetylene vdU 
combine with the chlorine with the production of flame. Gas-bubbles, 
giving out light, rise in the liquid and when they reach the surface 
burn there with a smoky flame, German production in 1923, 570,000 
tons. 

Sodium Acetylides, CH^CNa and CNasCNa, are prodxxcod when sodium 
is heated in acetylene gas (C, 1897, L 966 ; 1899, I. 174 : 1904, II. 1204). 
Soditim acetylide is also formed when acetylene is passed into a solution of 
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sodium in liquid ammonia, ethylene being simultaneously formed (Compt. 
rend. 127, 011 : 157, 137). Lithium Carhidef C2Li2j is obtained from lithium 
carbonate and carbon (Ber. 29, R. 210). Caesium Carbides, OgHCs and CgCsa, 
and EaUdiurrh Carbides, CaHRb and CaRba, are produced when acetylene is 
led into solutions of caisiura-ammonium and rubidium-ammonium in ammonia 
(C. 1903, ir. 105). 

Silver Acetylide, CgAg^, a white precipitate, and Copper Acetylide, 
C2CU2 (Ber, 25, 1097 : 26, R, 008 : 27, R. 400), a red precipitate, are formed 
when acetylene is conducted into ammoniacal silver or cuprous chloride solutions. 
The dry salts explode violently when they are heated ; the silver salt even does 
this when gently rubbed with a glass rod. In a solution of silver nitrate 
acetylene precipitates the eompoimd HCsCAg-AgNOg (Ber. 28, 2108), Gold 
Acetylide, OgAug, a yellow precipitate, is obtained from acetylene and a solution 
of ammoniacal gold-sodium thiosulphate (C. 1900, 1. 765). Pure acetylene is 
set free by acids from these metallic compounds. The copper salt serves for 
the detection of acetylene in a mixture of gases. Mercury Acetyli^, CgHg, is 
thrown out as a white precipitate from alkaline solutions of mercuric oxide. 
It explodes violently when heated rapidly. 

Magnesium derivative. — By passing acetylene into an ethereal solution of 
magnesium ethyl bromide, acetylene dimagnesium dibromide, BrMgC : CMgBr, 
is produced, with evohition of ethane. This is decomposed by water with 
formation of acetylene, and can be used like other organomagnesium compounds 
(see p. 219) for the synthesis of substances with an acetylenic linkage (Bull. 
80c. Ohim. [3], 28, 922 ; 30, 208; Gazzetta, 38, 1. 625). 

Acetylene Homologues 

The acetylene homologues are isomeric with the corresponding 
diolefines. Thus allylene (methyiacetylene) CH : C-CHg is isomeric 
with allene, CHa : C : CHg, and crotonylene (dimethylacetylene), 
CHs-C : C^CHa, with butadiene, GE^ : CH-CH : CHa. 

The homologues, like acetylene itself, are mostly prepared from 
the monohalogen substitution products, and the dihalogen addition 
products of the olefines by removal of halogen acid, by means 
of alcoholic potassium hydroxide, e.g. from jS-chloropropylene, 
CHg : CChCH^, allylene is obtained. A large number of olefines have 
been prepared by this method (Ber. 33, 3586). The acetylenes are 
also prepared by the removal of two molecules of halogen acid from 
the aldehyde or ketone chlorides, R-COla-R, e.g, heptylidene chloride, 
CHaLCHalfiCHCla, yields heptine, CH3[0HJ4C : CH (J.A.C.S. 50, 
1744). 

A more recent method for the preparation of homologous acetylenes 
is the action of calcium carbide on methyl alcohol vapour at tem- 
peratures greater than 100®, 

CaCa + 2CH3OH = Ca(OH)3 -f C4H6. 

(Z. angew. Chem. 34, 403 : J. pr. Chem. 37, 382.) 

When strongly heated with alkalis the acetylene formed frequently under - 
goes an isomeric change; thus, ethylacetylene, CaHg-CsCH, yields dimethyl - 
acetylene, CHs-CsC-CHj, and propylacetylene, CsH^'CsCH, furnishes ethyl- 
methylacetylene, CaHg-C sC-CHs, etc. (Ber. 20, R. 781), More symmetrical 
compounds are formed from less symmetrical. 

The reverse transposition sometimes occurs on heating with metallic sodium ; 
ethylmethyl acetylene passes into propyl acetylene, and dimethyl allene, 
(CH3)sjC=sC«=CH2, yields ^propylacetylene, etc. 

Acetylenes are also formed in the electrolysis of unsaturated dibasic ^ids : 
thus, allylene is formed in the electrolysis of the alkali salts Cf mesaconic and 
citraconic acids. 

A number of acetylenes have also been prepared by the action of alkyl 
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iodides on sodium acetylide dissolved in liquid ammonia {Picon, Compt. rend. 
168, 1184, 1346 : 168, 894 : 169, 32). 

Acetylene and its homologues combine with hydrogen, forming fost olefines, 
which on further reduction yield paraffins. They combine also with halogens 
and halogen acids, yielding substitution products of the olefines : these are 
capable of further addition of halogen or halogen acid, yielding di- tri- and 
tetra*halogen substitution products of the paraffins. 

Hypochlorous and hypobromous acids yield dichloro- and dibromo-ketones, 
e.g, allylene with hypobromous aoid gives a«-dibromoacetone, CH3COCHBr2 
(C. 1900, II. 29). Vinylsulphuric acidjCHg : CH-SO^Hjis formed almost quanti- 
tatively when cold anhydrous sulphuric acid is saturated with acetylene below 
0® in presence of a catalyst such as HgS04 (Brit. Pat. 156121). Some of the 
higher acetylenes are polymerized into symmetrical benzene derivatives by 
concentrated sulphuric acid. Thus allylene yields mesitylene (trimethylbenzene) 

3CH : C-CHj ^ C,-H,{CB.^)^ 


and crotonylene similarly yields hexamethylbenzene. 

The monoalkyl acetylenes, like the parent substance, readily form solid 
crystalline silver and copper derivatives by their action on ammoniacal solutions 
of silver and cuprous salts. They are regenerated from these by warm hydro- 
chloric acid, and the formation of these compounds afl:ords a convenient method 
for obtaining the pure acetylenes from a mixture of gases. The monoalkyl 
acetylenes also react with magnesium ethyl bromide similarly to acetylene, 
with evolution of ethane and formation of Il*C ; C-MgBr. 

In the presence of various salts of mercury, the acetylenes unite with water, 
yielding ketonic compounds. Thus, acetylene yields acetaldehyde, CH3CHO, 
allylene yields acetone, CHa^CO-CHa. Very often, moderately diluted sulphuric 
acid brings about the same reaction. Methyl-n-propylacetylene yields two 
isomeric ketones when treated with about 80 per cent, sulphuric acid (Ber. 39, 
2147). When heated with water at 325° the alkylacetylenes yield ketones 
(Ber, 27, R. 760 ; 28, R. 173). 

The sodium acetylides react with acid chlorides, trioxymethylene, and 
carbon dioxide to form respectively acetylenic ketones, R*C : C-CO*R', acetylenic 
alcohols, R-C i C'CHgOHjand acetylenecarboxylio acids, R*C • C*COOH. Higher 
alkylacetylenes, see Ber. 25, 2245 : 33, 3586. 

The boiling points of some of the acetylenes are as follows i 


Allylene, Methylacetylene [Propine] 
Crotonylene, Dimethylacetylene [d^-Butine] 
Ethylacetylene [d®-Butine] 
Methylethylacetylene [d^-Pentine] . 
n-Propylacetylene [d^-Pentine] 
woPropylacetylene [y-Methyl-d“-butine] . 
Methyl -w-propylacetylene [d^-Hexine] 


. CHgCsCH 

B.P. 

Gas 

. OH3CSCCH3 

27° 

. CgHjC^CH 

18° 

. C3H5C3CCH3 

65 ° 

n-CgH^CsCH 

48° 

H3)2CH*CsCH 

28° 


0 

00 


REFERENCES TO TABLE ON PAGE 113, 

(1) Dilute sulphuric acid in presence of mercuric sulphate (Ber. 14, 1540 
and various patents). (2) Aluminium alcoholate (C. 1918, II. 693 ; 1924, 1. 1504). 
(3) Alkalis (C. 1914, I. 716). (4) Distillation under atmospheric pressure. (6) 
Catalytic hydrogenation with nickel (C. 1912, I. 20). (6) as (5). (7) Catalytic 
oxidation in presence of metallic oxides (C. 1914, II. 324 ; 1920, 11. 187), (8) 
Polymerization by heat. (9) Merling’s isoprene synthesis : see Z. angew. Chem. 
34, 403, (10) Action of acetylene on acetic acid in presence of mercuric salts 

(G. 1914, I. 1316). (11) Chlorine and acetylene in presence of SbCls (D.R.P. 
167, 667). (12) Heating with alkali (C. 1906, H. 671). (13) Action of ahcali 
to form dichlorovinyl ether (p. 158) hydrolysis with water (C. 1909, I. 1784 : 
1920, III. 408). (14) See Vol. III. (16) Heating with alkali. (16) Chlorination 
of trichloroethylene, or directly from acetylene. (17) Heating with alkali. 
(18) Chlorination of perchloroethylene. (19) Chem. Ztg. 36, 1063. 
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3. DIOLEFINES. C„H2«-2 

The diolefincw are distinguished from the isomeric acetylenes by 
their inability to form copper and silver derivatives. Some of them, 
however, form precipitates with aqueous mercuric chloride solutions, 
which are identical with the compounds formed from the corresponding 
acetylenes. 

According to the relative position of the double bonds in the mole- 
cule, the diolefines can be divided into the following classes. 

I. Hydrocarbons with two double bonds joined to the same 
carbon atom — ^the allene hydrocarbons. 

II. Hydrocarbons with double bonds attached to adjacent 
carbon atoms — i,e. “ conjugated ” double bonds — the butadiene 
hydrocarbons. 

III. Hydrocarbons with separated double bonds. 


I. Allene Hydrocarbons 

The allene hydrocarbons can be prepared from the corresponding 
aUyl' alcohol by the following general method. The alcohol (I) is 
treated with phosphorus tribromide to give the bromide (II) (with 
a simultaneous shift in the position of the double bond). This com- 
pound adds on bromine to form the tribromo- compound (III), from 
which hydrobromic acid is removed by fusion with potassium hy- 
droxide, the remaining bromine atoms being removed from the product 
(IV) by zinc dust and boiling alcohol {Bonis, Ann. Chim. 1928 [x], 
9, 402). 

R CH(OH)-CH : CHj R CH : CH CH.Br R-CHBr CHBr-CH.Br 

(0 (ii) (III) 

R-CHBr CBr : CHj >- R CH : C : CHj 

(IV) (V) 

Allene {Propadiene), CHg : C : CHg, boils at — 32° and melts at — 146°. 
It is formed by removal of bromine from dibromopropyleno, CHg : CBr-CHaBr, 
by means of zine dust, by electrolysis of potassium itaconate, or by heating 
bromoraethaerylie acid. In contradistinction to allylene, CHgC • CH, it is 
not absorbed by ammoniacal silver solution, but with mercuric chloride it yields 
a white mercury salt, which, when decomposed with hydrochloric acid, gives 
acetone (Ann. 342, 185). 

The allene hydrocarbons polymerize very readily, forming products whose 
constitution is not at present clear (Lebedew, C. 1914, T. 1402, 181.3). 

The boiling point of some homologous allenes is given below. Others are 
referred to in the paper Bouis (see above). 


Methylallene 


B.P. 


(^“^-butadiene) 

Ethylallene 

CH 3 CH : C ; CHji 

18° 

Ber. 22, B. 202 

{-d“^-pentadiene) 

CgHsCH : C ; CHg 

44° 


^ 2 /m-Dimethylallene 

CHsCH : C ; CH CH 3 

51° 

C. 1914, 1. 1409 

o^-Dimethylallene 

: C : CHg 

41° 

J. pr. Chem. [ 2 ], 53, 149 

Trimethylallene 

(CH 3 )aC ; C : CHCH 3 

72° 

C. 1914, 1. 1409 

Tetrametbylallene 

(CH 3 ) 2 C : C : C(CH3)8 

86 ° 

C. 1914, 1. 1813 
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II. Hydrocarbons with Conjugated 
Double Bonds 

Among these hydrocarbons, is(yprene CHg : CMe-CH ; CHg is of 
particular importance, because of its relationship to the terpenes on 
the one hand, and the fact that it can be converted into a product 
very closely related to natural rubber on the other (c/. Harries, Unter- 
suchungen iiber die natiirlichen und kiinstlichen Kautschiikarten, 
Berlin, 1919). 

General Methods of Formation, 

(1) The butadienes are obtained by splitting off two molecules 
of halogen acid from the appropriate dihalogen paraffins by heating 
with alcoholic potash, pyridine or quinoline, or by passing their vapours 
over soda-lime or other contact substance (D.E.P. 255519, 264008: 
C. 1913, I. 476 : IL 1178). 

(2) They are formed from the alkylenediamines, by heating the 
phosphates, or by “ exhaustive methylation ” and distillation of the 
quaternary ammonium hydroxides. The formation of butadiene and 
isoprene from pyrrolidine and 3-methylpyrrolidine are essentially 
similar methods. 


NHg-LCHaJi-NHa HONMesiCH^J^-NMegOH 

^ CHa ; CH-CH : CH^ -h 2 H 2 O + 2NMe3 

(3) From the paraffin glycols or the unsaturated alcohols by 
removal of water by means of zinc chloride, potassium hydrogen 
sulphate or oxalic acid, or by distilling them over heated alumina 
(J.A.C.S. 1914, 36, 980). 

(CH3)3C(OH)-C(OH)(CH3)3 CH3=C(CH3)*C(CH3) : CHg + 2H3O 


(4) By passing a mixture of an alcohol and an aldehyde over 
heated alumina (C. 1916, I. 831). 

CHg-CHO + (CH3)2*CH0H CHj-CHOH-CHa-CHOH-CHs 

> CHa : CH-CH : CH-CHs (Piperylene) 


(5) By exhaustive methylation of the hydroxy and halogm alkyl- 
amines, and subsequent decomposition of the quaternary ammonium 
hydroxide. 

(6) By the thermal decomposition of some tetrahydrobenzene 
derivatives. 


CH— CHa— CHg 
CH— CHa— CHg 


CH=CHa CHg 

I -h 11 

CH^CHa CHjs 


(7) By heating together equimolecular quantities of ethylenio and 
acetylenic hydrocarbons (E.P. 156116 : C. 1921, II. 655). 

Properties , — ^With the exception of the first member, which is 
a gas, the butadienes are colourless, mobile liquids. They have 
a high optical dispersion (see p. 67). They combine with two or 
four equivalents of hydrogen, bromine, etc., the addition taking 
place chiefly in the ad-position, butadiene for example giving 
CHgBr-CH : CH-GHaBr (Ann. 308, 333). Their most important 
property is their great tendency to polymerize (C. 1914, I. 1402) ; 
according to the conditions substances similar to rubber or hydro- 
aromatic compounds are produced. A compound apparently identical 
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with, natural rubber and a monoterpeiie, dipentene, which occurs 
widely in various essential oils can bo obtained from isoprene 
(Harries, he. cit.). 

Diels and Alder and their collaborators have recently shown that 
compounds containing a conjugated system of double bonds unite 
quantitatively with compounds containing the CH : CH-CO group 
with the formation of cyclic compounds. The addition takes place 
wholly in the a5-position. Examples of the type of compound formed 
are those from isoprene and maleic anhydride (I), from butadiene 
and acraldehyde (II), and from butadiene and jp-benzoquinone (III) 
(Ann. 1928, 460 , 98: 1929, 470 , 62: Ber. 1929, 62 , 554, 2081 : 
c/. Annual Reports, 1930, 88). 


CHa 

CH— CO 
>0 


X 

(I) 


)H— CO 


CHa 

Ih (JH— cho 

Vh, 

(H) 


CHa CO 


CH CH CH 

CH CH I!h 

(HI) 


^“■/-Butadiene {Erythrem^ Divinylj Pyrrolyhne)^ CHg : CH-CH : CH 2 , 
b.p. — 5®. It is obtained by exhaustive methylation of the cyclic base pyrroli- 
dine (Vol. II) (Ber. 14, 569 : Ann. 308, 333). It is also obtained by passing a 
mixtiire of ethylene and acetylene through red-hot tubes and occurs in com- 
pressed illuminating gas. It is also formed by passing ethyl ether or mono- 
chloroethyl ether over heated alumina (C. 1914, 1. 2155). New methods for the 
preparation of butadiene are given by Ostromysslenski (C. 1916, I. 780). 

Butadiene is the starting material for the sjmthesis of erythritol and can be 
re-formed from the latter by heating it with formic acid. 

The tetrabromide occurs in two stereoisomeric forms, m.pp. 39® and 119®. 

For further details about the polymerization of butadiene, see C. 1912, 1. 1440. 

Piperylene (A^y-Pentadiene), CHs'CH ; CH-CH : CH^, b.p. 42® (Ann. 395, 
243), is formed from piperidine in the same way as butadiene from pyrrolidine 
(Ber. 14, 665, 710 : Ann. 319, 226). This reaction might bo expected to yield 
the still unknown hydrocarbon Zl“‘^-pentadiono, CHg : CH-CHa-CH : CHg. 

Isoprene {^-Methylbutadiene), CHj : C(CHa)-CH : CHj, b.p. 3:(-75’ 
0*6867 (Ber. 47, 1999), is formed not only by the general reactions described 
above, but occurs among the products of distillation of rubber, and is formed 
by the thermal decomposition of pinene and dipentene (Ber. 44, 2212 : Ann, 
383, 228 : C. 1914, II, 325) and from the degradation of 3-methylpyrrohdine 
(C. 1898, I. 247 : 1897, II. 739). Isoprene is also formed by isomeric change 
of the hydrocarbons afi-dimethylallene C(CH 3)2 : C : CH 2 and wpropylacetylene 
by passing their vapours over heated alumina (D.R.P. 251216, 268101, 268102 : 
C. 1912, II. 1244 ; 1914, I. 308, 754). It is manufactured on the large scale 
from^-cresol (Elberfelder Farbwerke : see Vol, II) or from acetylene and acetone 
according to the following reactions (Merling) (Z. angew. Chem. 34, 403) : 


OH 3 

1 

CH2=C + HC :CH- 
I 

ONa 


CH3 

C~CH:CH* 


CH3 

I 

~>CH3— O-C :CH — 

I I 

OH OH 

->CH3=C(CH3)*CH : CHg + HgO. 


Isoprene changes into rubber or rubber-like compounds when heated under 
pressure, treated with sodium and carbon dioxide, or treated with peroxides or 
ozonides (c/. Z. angew. Chem. 27, 153). A part of the isoprene is polymerized 
under these conditions to dipentene. Isoprene combines with two molecules of 
hydrogen bromide to give ay-dibromo-y-methylbutane, (CH 8 ) 3 CBr-CHa-CHaBr 
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(0. 1897, I. 457) and with bromin® to yield a di- and a tetrabromide (C. 1900, 
I. 859). Thermal decomposition, of isoprene (see Ber. 46, 2466). 

jSy-Dimethylbutadiene, CHa : CMe*CMe : CHg, b.p. 71°, is most readily 
obtained by the removal of water from pinaoone (Ann. 383, 182). 

OthcT hydrocaThons with conjugated double bonds. A number of these have 
been obtained by the action of alkyl magnesium halides on ajS-unsaturated 
aldehydes and ketones, followed by removal of water from the unsaturated 
alcohol obtained (Ber. 37, 3578: 41, 2703: 43, 1574, 2330: 45, 625). 

III. Other Hydrocarbons with two Double Bonds 

Diallyl {/i!^yHexadiene\ GK^ : CH-CHa-CHaCH : CH2, b.p. 59°, is obtained 
from allyl iodide or bromide by means of sodium or magnesium (Ann. Chim. 
Phys, [8] 27, 137). Its diozonide can be broken down to give succindialdehyde 
(Ann. 343, 360). 

j8^pimethyl-zl“"-heptadiene, Me^C : CH CHg'CHa-CMe : CHg, b.p. 141°, 
is obtained from methylheptenone by the action of magnesium methyl iodide 
and subsequent removal of water: its diozonide yields levulaldehyde (Ann. 
343, 362). 

j3€-Dimethyl-J“''-hexadiene, CHa : CMe CHg CHa CMe : CHg, b.p. 137°, is 
obtained, together with an isomeric hydrocarbon by removal of hydrogen 
bromide from j8e-dibromo-j3e-dimethylhexane : its diozonide gives formaldehyde 
and acetylacetone (Ann. 343, 365). 


4. HYDROCARBONS, CaH2tt-4 

1. Olefineacetylenes 

Vinylacetylene, CH I C*0H : CH 2 , b.p. 2*6°, is obtained by the distillation 
in vacuo of the quaternary ammonium hydroxide from tetramethyldiamino- 
butene. The latter is obtained from ad-dibromo-J^-butene and dimethylamine. 

HONMea-CHaCH : CH CHa-NMegOH >CB . : C-CH : CHg + + 2NMe3 

It yields copper and silver salts (Ber. 46, 535). 

II, Triolefines 

4d«7‘-.Hexatriene, CHg : CH OH : OH CH : CHa, b.p. 77*5-79°, is obtained 
by heating divinylethylene glycol diformate. Gis and trans forms have been 
obtained by the reduction of y8-dibromo- and a^-dibromohexadienes (JT.C.S. 90, 
722 : 1927, 2937). 

J*7‘»Heptatriene, m.p. — 14*5°, is obtained by removing water from the 
alcohol resulting from the interaction of crotonaldehyde, allyl iodide and zinc 
(Chem. Weekblad, 1913, 10, 187). 

j3C -Dimethyl- 8 -methylene-d -heptadiene , Me 2 C ;CH*C (:CH 2 ) CH :CMe 2 , 
b.p. 55-57°/ 14 mm., is obtained from phorone and [methylmagnesium iodide 
(Ber. 37, 3578). 


5. HYDROCARBONS, CnH2a-6 

I. Diacetylenes 

Diacetylene, CH • C-C ; CH, is obtained from diacetylenedicarboxylic acid, 
or more conveniently by oxidizing copper acetyleide with cupric chloride. It 
is a gas, m.p. — 36°, b.p. 9*5°/749 mm. which, like acetylene, forms a silver 
derivative. 

Dipropargyl, CH : C-CHg-CHj-C ; CH, m.p. -* 8°, b.p, 85°, is formed on 
warming solid crystalline diallyl tetrabromide, CeHxqBri* with aqueous potassium 
hydroxide. It is a very mobile liquid, of penetrating odour. It forms copper 
and silver derivatives. If dipropargyl be allowed to stand, it becomes resinous. 

Dimethyldi-acetylene, CHg CssO C^C-CHa, m.p. 64°, b.p. 130°, has 
been obtained from the copper derivative of allylene (Ber. 20, R». 564), 
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II . Diolefiiieacetylenes 

A number of diolefiiieacetylenes have been obtained by the removal of water 
from acetylenic glycols (D.R.P. 241424, C. 1912, I. 173). 

6. STILL MORE UNSATURATED HYDROCARBONS 

Two highly unsaturated hydrocarbons, squaleiio and lycopene, are of con- 
siderable biological importance. 

Squalene, C30H50. This is obtained from the unsaponifiable fraction of 
fish-liver oils, and has the probable formula ; 

(CMeg : [CH-CHaCHaCMe]^ : CH-CHa)^ 

(J.C.S. 1929, 873 : Helv. Chim, Acta. 1930, 13, 1084). 

Lycopene, C40H56, occurs in tomatoes. It has most probably the consti- 
tution : 

(CMca : CH-ECHala-CMe : CH-[CH : CH-CMc : CHl^-CH :), 

(Helv. Chim. Acta. 1930, 13, 1084). An isomer of lycopene, but one which 
contains two carbon rings, is caroiewe, found in carrots, and in the loaves of 
many other plants : it is also the colouring matter of butter. Carotene is not 
identical with Vitamin A but is able to replace it in a diet. (See also p. 752.) 

II, HALOGEN DERIVATIVES OF THE HYDROCARBONS 

The halogen substitution products result from the replacement of 
hydrogen in the hydrocarbons by the halogens. The number N of 
substitution products derived from the normal saturated hydrocarbons, 
containing an even number of n carbon atoms, can be calculated by 
the formula : 

* N = 8 X 3«“3 + 2 X 3V 

and when n is odd : 

«~i 

* N = 8 X 4- 2 X 3“^. 

in which the unsuhstituted hydrocarbon itself is counted. 

If n == 2, then N == 10 ; if n = 3, then N = 30 ; if n = 4, then N = 78 ; 
n=^5 N == 234 6 N 666 n = 7 K == 1998. 

Thus nine chlorine substitution products can be derived from 
ethane. 

General methods of preparation of ike Halogen Derivatives 

(1) Formation by the direct substitution of the saturated hydrocar- 
bons. It was emphasized in the case of methane (p. 93) and ethane 
that these hydrocarbons, usually so very stable, were attacked by 
chlorine. A molecule of hydrogen chloride is produced for every 
hydrogen atom replaced by chlorine, until the entire hydrogen content 
is substituted. Methane, CH4, yields finally tetra- or perchloromethane, 
CCI4, whilst ethane gives hexa- or perchloroethane, CgCle- 

The action of free chlorine on the paraffins is accelerated by sunlight, as is 
the case when it acts on free hydrogen ; by the so-called chlorine carriers, such 
as iodine, which exerts its influence by the formation and decomposition of ICL ; 
by the similar behaviour of SbClj which decomposes by heat into SbCls and Clg ; 
and by AICI3 (C. 1900, II. 720), etc. In very energetic chlorination the carbon 


* For these formulae, the author’s thanks are due to Herr Geheimrath A, von 
Baeyer of Munich. 
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chain is ruptured (Ber. 8 , 1296 : 10, 801). To avoid more extreme decomposi- 
tion, it is desirable to carry out the chlorination under diminished pressure 
(C. 1913, 11. 1631, 2013). 

The final products are CCI4 and hexa- or perchlorobenzene, OgCIe, with per- 
chloroethane, CjjClg, and perchloromesole, CXL, as intermediate products (Ber. 
24, 1011). 

The substituting action of bromine may be accelerated by heat, sunlight, or 
AlBrg (C, 1900, II. 720). 

Iron is an excellent carrier of chlorine, bromine and iodine. Its action seems 
to be duo to the formation and decomposition of ferric halides (Ann. 225, 196 : 
231, 158). When it is used as a bromine carrier, every normal hydrocarbon 
passes into that bromide which contains as many bromine atoms as it has carbon 
atoms (Ber. 26, 2436) ; a bromine atom attaches itself to each carbon atom. 

Usually iodine does not substitute directly, inasmuch as the final iodo products 
undergo reduction through the hydriodic acid formed simultaneously with them : 

C3H7I + HI =r= C3H3 -f I3. 

In the presence of substances capable of uniting or decomposing HI (such 
as HIO 3 and HgO), iodine frequently effects substitution : 

5C3H3 + 2I3 + HIO3 == SCgH,! + 3H3O 
2 C 3 H 8 + 21^ -f HgO = 2C3H,I H- H 2 O + Hglg. 

In direct substitution a mixture of mono- and poly-substitution products 
generally results, and these are separated by fractional distillation or crystalliza- 
tion. The attack of chlorine on a long paraffin chain, e.g. »i-hexane, is directed 
against the CHa groups before the CHg (Ber. 39, 2138). 

(2) Mono- and polychloroparaffins can be converted into mono- 
and polybromoparaffins by means of AIBfj (C. 1901, I. 878). Among 
the bromoparaffins the bromine can be replaced partially by fluorine 
by means of SbFs (C. 1899, II. 281 : 1901, II. 804). Boiling with an 
alcoholic solution of an alkali iodide causes a partial replacement of 
the halogens in the chloro- or bromo-paraffins (Ber. 39, 1951). 

(3) The unsaturated aliphatic hydrocarbons, the ole^es (p. 101), 
and acetylenes (p. 108), unite with hydrochloric, hydrobromic, and, 
especially easily, hydriodic acid. The halogen acids can be used in 
a glacial acetic acid (Ber. 11, 1221), or concentrated aqueous solution. 

(4) The free halogens are still more easily absorbed than their 
acids. 

Two fxirther reactions, already indicated above, bring about 
halogen substitution products from aliphatic bodies containing oxygen : 

(5) Substitution of the hydroxyl group in alcohols by fluorine, 
chlorine, bromine, and iodine by means of their halogen acids, or 
their compounds with phosphorus. 

(6) Action of phosphorus pentachloride, phosphorus ohloro- 
bromide, and phosphorus pentabromide, on aldehydes and ketones. 

These last methods of formation will be more thoroughly discussed 
under the individual groups of halogen substitution products. 

Reactions of the Halogen Derivatives 

The reactions which take place among the halogen-paraffin com- 
pounds have been referred to under mode of formation (2). The 
iodine derivatives are the most unstable. In the light they rapidly 
acquire a red colour, with the separation of iodine. The chlorides 
and bromides, rich in hydrogen, burn with a green-edged flame (p, 10). 

(1) Nascent hydrogen (zinc and hydrochloric acid or glacial acetic 
acid, sodium amalgam and water) can reconvert all the halogen 
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derivatives, by successive removal of the halogen, atoms, into the 
corresponding hydrocarbons : 

CHa, + 3Hj = CH 4 + 3HC1. 

( 2 ) Alcoholic sodium and potassium hydroxides cause the separa- 
tion of halogen acid, and the production of unsaturated compounds 

(p. 102) : 

CHj-CHj-CHjBr -t- KOH = CHj-CH : CHj + KBr -f HjO. 

Propyl bromide. Propylene. 

In this reaction the halogen carries away with it the hydrogen of the least 
hydrogenated adjacent carbon atom (comp. p. 106). Such a decomposition 
sometimes occurs on application of heat, and is favoured by the presence of 
anhydrous metallic chlorides (0- 1905, II. 750). 

Many other reactions of the haloid compounds will be discussed 
later. 


A. HALOGEN PARAFFINS 
1. Monohalogen Paraffins. Alkyl Halides 

The alkyl halides can be regarded as derived from the halogen 
hydrides by replacement of hydrogen by an alkyl group : 

H-Cl H-Br 

CjjHs-Cl CHs-Br 

Ethyl chloride Methyl bromide 

(Chloroethane). (Bromomethane) 

On account of their close relationship to the monohydric alcohols, 
which are the alkyl hydroxides, they are discussed later as “ Haloid 
Esters of the alcohols.” 


2. Dihalogen Paraffins, C^HanXg 

(a) Dihalogen parafhns, where two halogen atoms are attached to 
two different carhon atoms, may be viewed similarly as the haloid 
esters of dihydric paraffin alcohols or glycols. They can be derived 
from these and will be considered together with them : 


CHaCl 

I 

CHjCl 

Ethylene chloride. 


GHa-OH 

1 

CHa-OH 
Ethylene glycol. 




CHsBr 

GHoBr 


Trimethylene 

bromide. 


/CHg-OH 

CH/ 

XCHa-OH 


Trimethylene 

glycol. 


(b) Dihalogen paraffins, the two halogen atoms of which are 
attached to the same carbon atom, can be obtained from the aldehydes 
and ketones by means of phosphorus halides. They will, therefore, 
be discussed after the aldehydes and the ketones : 


CHCIj OHO 

1 I 

CHs CH3 

Ethylidene chloride. Acetaldehyde. 



^Dichloropropane. Acetone. 


It should be remarked here that the imsymmetric ethane dihalides 
— e.p, CHa'CHClg, ethylidene chloride — ^have lower boiling points and 
lower specific gravities than the corresponding symmetric isomers 
— ethylene chloride, CH201-CH2C1. 
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3. Polyhalogen Paraffins 

The polyhalogen paraffins, containing but one halogen atom to 
each carbon atom, will be discussed after the corresponding poly- 
hydric paraffin alcohols. 

The simplest and most important representatives of the paraffin 
trihalides, in which three halogen atoms are attached to the same 
carbon atom, are the trihalogenmethanes : 

CHF3 OHCI3 CHBra CHI3 

riuoroform. Chloroform. Bromoform. Iodoform. 

They are so intimately related to formic acid and its derivatives 
that they will be considered after this acid. 

The most important tetrahalogen derivatives are the carbon 
tetrahalides. They bear the same relation to carbonic acid that the 
methane trihalides do to formic acid. They will, therefore, be treated 
after carbonic acid : 

CF4 CCI4 CBr^ CI4 

Carbon Carbon Carbon Carbon 

tetrafluoridc. tetrachloride. tetrabromide. tetraiodidc. 

These compounds are also called methane perhalides, to indicate 
that the hydrogen in them is completely replaced by halogens. 

Polyhalogen Ethanes . — ^The following table contains the boiling 
points of the known polychloro- and polybromo-ethanes : 


Name, 

Formula. 

CHjCl 

CHCIj 

CCl, 

Ch, 

M.P. 

B.P. 

114° 

74-5° 

Formula. 

CHBr^ 

CHjBr 

M.P. 

B.P. 

aajS-Trichloroethane . 
Ethenyl Trichloride . 
aaa-Trichloroethane . 
Methyl Chloroform . 

187-188° 

^^m-Tetrachloroethane . 

a«-Tetrachloroethane 

CHClj, 

CHC4 

CCl, 

CHjCl 

— 

147° 

129° 

CHBrj 

CHBrj 

CBr, 

CHjBr 



102® 

(12 mm.) 
105° 

(13*5 mm.) 

Pentachloroethane 

OCl, 

CHCla 

— 

159® 

CBra 

CHBrjj 

54® 

decomposes 

Hexachloroethane 
Perchloroethano . . . * 

CClj 

COI3 

187® 

sublimes 

CBr, 

CBrj 

— 

decomposes 
at 200-210® 
without 
melting. 


For the relations existing between the boiling points and specific volumes of 
the halogen substitution products of the ethanes, see Ber, 15, 2559. As to the 
refractive power of the brominated ethanes, see Z. physik. Chem. 2, 236. 

The polychloro- and polybromo-ethanes have few genetic relation- 
ships with the oxygen compounds corresponding with them. The 
methods of formation and the reactions of the polysubstituted ethanes 
are most intimately related to the methods of formation and the 
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reactions of the halogen substitution products of the ethylenes and 
acetylenes, which are described in the following pages. 

It, may be merely mentioned here that by the action of chlorine on ethyl 
chloride and ethyiidene chloride in sunlight methyl chloroform or a-trichloroethane, 
CH3CCI3, is produced, together with aajS-trichloroethane, CHaCl-CHC^ (J. pr. 
Chem. [2], 80, 305). The further action of chlorine on the trichloroethanes 
produces CHaCl-CClg, CHCL-CCia, and perchloroethane, CClyCClg. CHCla-CHOlg 
is formed from acetylene ^chloride and chlorine, as well as from dichloroalde- 
hyde by means of phosphorus pentachloride (Ber. 15, 2563). Only methyl 
chloroform, CHa-CClg, related to acetic acid in the same way as chloroform is to 
formic acid, will be further described, together with the chlorides of the fatty 
acids. 

Acetylene tetrachloride, sym.- Tetrachloroethane, CHCI 2 CHCI 2 , is pre- 
pared by the direct union of acetylene and chlorine (p. 113). The gases combine 
quietly when they are led separately into boiling water, or when sulphur chloride 
is alternately saturated with chlorine and acetylene in presence of iron powder 
(C, 1905, I. 1585 : 1906, II. 746). 

The addition of chlorine to acetylene is conveniently carried out by treating 
the addition product of acetylene with antimony pentachloride alternately with 
chlorine and acetylene (C. 1904, II. 1177 : 1908, I. 1504). s-Tetraehloroethane 
is also formed by the action of phosphorus pentachloride on dichloroacetaldehyde, 
CHClg'CHO. It is used technically as a solvent, and for the preparation of 
other polychloro- derivatives of ethane and ethylene (Chem. Ztg. 35, 1053). 

Pen tachloroe thane, b.p. 159°, is obtained by the addition of chlorine to 
trichloroethylene. 

Perchloroethane, CaClg, m.p. 187°, b.p. 185-5°/777 mm., D - 2*01, results, 
together with perchlorobenzene (Z. Electrochem. 8, 165), from the direct union 
of carbon and chlorine when an electric arc is struck in an atmosphere of chlorine. 
A good yield is obtained when carbon tetrachloride is warmed with amalgamated 
aluminium (Ber. 38, 3058). It forms a crystalline mass, with a camphor-Hko 
odour. It sublimes at the ordinary pressure, as its critical pressure lies below 
760 mm. When its vapours are conducted through a tube heated to redness 
it bre^^ down into CI 2 and perchloroethylene. It yields the latter compound 
when it is treated with potassium sulphide. 

a-Tribromoethane, CHs’CEr^, has not yet been prepared. 

Acetylene Tetrabromide, CHBr 2 -CHBr 2 , is obtained from acetylene and 
bromine. Zinc dust and alcohol convert it into acetylene dibromide (Ann. 221, 
141), whilst benzene and AICI3 change it into anthracene {q.v. Vol, II,). 

Hexabromoethane, C 2 Br 6 , is obtained by the addition of bromine to acety- 
lene tetrabromide in the presence of aluminium bromide (C. 1 898, 1. 882), It is a 
colourless, crystalline compound, dissolving with difficulty in alcohol and ether. 
It breaks down at 200° into bromine and perbromoethylene, CrBr^. 

Propane derivatives. — A series of chloro-substituted propanes have been 
obtained by the condensation of polychloroethylenes with chloroform or carbon 
tetrachloride in the presence of aluminium chloride (J. pr. Chem. [2] 89,^414), e.g. : 

CCI2 : CHCl + CHCI3 CHCls-CHCl-CCla. 

The most important of the polyhalogen propanes are the compounds derived 
from glycerol, of the general formula GHaX-CHX-GHgX, where X represents 
a halogen atom. They are discussed later, after glycerol. 

Miaied Eahgm Substitution Products of the Pamjtns.— There are numerous 
paraffins containing different halogens side by side in the same molecule. 


B. HALOGEN DERIVATIVES OF THE OLEFINES 

As a general rule, the halogen substitution products of the un- 
^turated hydrocarbons cannot he prepared by direct action of the 
halogens, since addition products are apt to result (p. 106). They are 
however, by the moderated action of alcoholic potassium 

hydroxide (C. 1901, I. 816 : II. 804), or Ag ,0. on the disubstituted 
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hydrocftrbons 0^H2nN2. Tliis reaction occurs very readily if tbe 
addition ptoducts of the olefines are employed : 

CjH,Cl, + KOH = CACl + KCl + H^O. 

Ethylene Monochloro- 

chloridc. ethylene. 

When the alcoholic potassium hydroxide acts very energetically, 
the hydrocarbons of the acetylene series are formed. 

When heated with zinc or iron turnings in presence of water, 
the polyhalogen ethanes are converted into halogen ethylenes fC 
1909, II. 2103 : 1910, I. 700). 

CHClg-CHCla + Zn ^ CHCl : CHCl + ZnClg 

Being unsaturated compounds they unite directly with the halogens, 
and also with the halogen acids : 


CH^ 

II 

CHBr 


4- Bra 


CHaBr 

I 

CHBra 


These reactions indicate that ethylene is the parent substance for the prep- 
aration of nearly all the halogen-substituted ethanes and ethylenes, as well as 
for the pi’eparation of acetylene. 

The following diagram represents how, by the addition of bromine and the 
loss of hydrogen bromide, the bromine substitution derivatives of the ethanes 
are connected with ethylene, with the ethylene bromine derivatives, and with 
acetylene (Ann. 221, 156): 


- HBr 


-T^CHs-CHoBr 


— HBr HBr 

CHsCH-< CH,=CHBr CHjBr-CHjBr 

--tBr, 

CH,=CBra CHjBr-CHBrj 


OHBr=CHBr- 


-i-t 


1 I 

CHBra-CHBr, 


(V)CH=^CBr^ 


-HBr 


■ HBr 


^ CHBr^^CBra^ 

CHaBr-CBra 

-- 

"-t Br, 


- HBr 

CBr2=CBr2 ^ 

CHBr-yCBr^ 

l->CBr=CBr(?) "■ 



CBra-CBr^. 


Monohalogenethylenes, Vinyl Chloride^ CH2==^CHC1, and Vinyl Bromide^ 
CHgssCHBr, are obtained from ethylene chloride and ethylene bromide by the 
action of alcoholic potassium hydroxide, which, by continued action on them, 
produces acetylene. The group CH 2 =CH-~ is called vinyl. Vinyl chloride 
can also be obtained by heating ethylene dichloride or ethylidene dichloride 
(Ber. 35, 3524). More recently it has been obtamed by the action of acetylene 
on concentrated hydrochloric acid in the presence of metallic salts (Brit. Pat. 
156120 : J.C.S. 122, 517). 

s-Dihalogenethylenes. — The 5-dihalogen ethylenes occur in two readily 
interconvertible stereoisomeric forms. The removal of halogen hydride takes 
place appreciably more rapidly under the action of alcoholic potash from the 
cis- compounds than from the tram- isomerides (Bull. Soc. Chim. Belg. 27, 209 ; 
28, 234 : Compt. rend. 158, 1682 : Chem. Ztg. 37, 622), 

The dichhro- and dihromo- compounds are obtained by the direct union of 
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the halogen and acetylene, when the latter is present in great excess (Ann. 178, 
116 : C. 1913, II. 1178). They are more readily obtained from the tetrahalogen 
ethanes by removal of halogen by zinc or iron turnings. The dwdo-compound 
is obtained by passing acetylene over heated iodine (C. 1899, I. 966). The 
configuration of the iodo compounds has been established by converting them 
into the cyanides ; hydrolysis of these gives the dibasic maleic and fumaric 
acids, the liquid iodo compound yielding maleic acid {cis) and the solid, fumaric 
acid (trans) : 


CiS’ form. 

s-Dichloroethylene, CHCl : CHCl . b.p. 60-2® 
s-Dibromoethylene CHBr : CHBr . b.p. 112° 
s-Diiodoethylene CHI : CHI . . b.p. 188° 


Trans- form. 
m.p. 48-5° 
b.p. 108° 

m.p. 73° : b.p. 191°. 


Chlorine combines with diiodoethylene and ohloroiodoethylene to form the 
unstable iodochlorides, CHCl : CHICI 2 , m.p. 75°, and CHI : CHICla dec. 37°, which 
like the aromatic iodochlorides can be converted into iodoso-, iodoxy- and 
iodonium compounds (Ann. 369, 131). 

a^'Dihalogenethylenes. cccxrDichloroethylene, CHg : CClg, b.p. 37°, and the 
OLa-dibromo- compound, b.p. 91°, are obtained from the aajS-trihalogenethanes 
by removal of halogen acid. Like the monohalogenethylenes they show a great 
tendency to polymerization (Ber. 12, 2076 : C. 1912, I. 1980). The dibromo- 
compound undergoes autoxidation to form bromoacetyl bromide, probably with 
intermediate ethylene oxide formation, according to the scheme ; 


CHa CHgN. CHjiBr 

II >0 >1 

CBra CBr/ COBr 


oca-Chlorobromoethylene similarly yields a mixture of chloroacetyl bromide and 
bromoacetyl chloride. 

Trichloroethylene. — CHCl : CClg, b.p. 88°, is obtained from s-tetrachloro- 
ethane by heating with milk of lime (C. 1906, 11. 571). By autoxidation it 
yields dichloroacetyl chloride, but a simultaneous decomposition to phosgene 
(COCla), carbon monoxide and hydrogen chloride takes place (J. pr, Chem. [2] 
85, 78). Treatment with sodium ethoxide gives the very reactive dichloro^ 
vinyl ethyl ether {q.v» See also C. 1910, 1. 308). The tribromo- compound, b.p. 
164°, also autoxidizes to dibromoacetyl bromide. 

Tetrachloroethylene (Perchloroethylene), CClg : CCI 2 , b.p. 121°, is obtained 
from pentachloroethane by removal of hydrogen chloride. Like di- and tri- 
chloroethylenes, it is used as a solvent for fats, resins, etc. Treatment with 
ozonized air gives a mixture of phosgene and trichloroacetyl chloride (Ber. 27, 
R. 509 : C. 1899, I. 588). Tetrabromoethylene melts at 57°. (For boiling-point 
relationships between bromoethylenes and broraoethanes, see Ann. 221, 156.) 
Tetraiodoethyhne^ m.p. 187°, is obtained together with the diiodo compound by 
the action of iodine and water on calcium carbide (Ber. 26, R. 289 : 30, 1200 : 
38, 237). 

Fluoroethylenes . — See Bull. Acad. roy. Belg. 1901, 383. 

Halogen Derivatives of Propylene. — There are three isomers of the 
monohalogen propylenes. 

(1) a-derivatives, CHg-CH : CHX, which are obtained from the propylidene 
halides, CH 2 *CH 2 CHX 2 , by heating with alcoholic potassium hydroxide. The 
propylidene derivatives are obtained from propaldehyde and phosphorus penta- 
halides. 

(2) ^-derivatives, CH 3 *CX : CH 2 , are obtained similarly from the dihalogen 
derivatives, CHg-CXa’CHs, of acetone. 

(3) y-derivatives^ CH 2 X’CH : CH 2 . — ^These are the allyl halides derived from 
allyl alcohol, and are described later among the alkyl haliijles. 


C. HALOGEN DERIVATIVES OF ACETYLENES 

Chloroacetylene, CCl : CH, was first obtained from dichloroacrylic acid, 
CCIg rCH'COgH and bajium hydroxide (Ann. 203 , 88 : Ber. 23, 3783). It is 
also obtained from «-dichloro©thylene by warming with alcoholic potash. It is 
a poisonous gas which is spontaneously inflammable and explosive in air. With 
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ammoniacal silver and copper solutions it yields very explosive precipitates. 
Alkaline mercuric cyanide solution yields the compound Hg(C : CCl) 2 , which is 
also obtained from «-dichloroethylene and mercuric cyanide. This compound 
is decomposed on warming with potassium cyanide to form pure chloroacetylene. 
By passing chloroacetylene into aqueous mercuric chloride solution, the com- 
pound (ClHg) 5 C*COjjH, trichloromercuriacetic acid, is formed as a white precipitate 
(Ber. 42 , 4232). 

Acetylene and other compounds containing hydrogen replaceable by metals 
are readily halogenated by halogens in presence of excess alkali, e.gf. Dichloro- 
acetylene, b.p. 32-33°, is obtained by the action of acetylene on an alkaline 
potassium hypochlorite solution in an atmosphere of nitrogen (Ber. 1930, 63, 
1868). 

Bromoacetylene is similar in its reactions to chloroacetylene. 

Dibromoacetylene, CBr ; CBr, b.p. 77®, B 2*0 is obtained from tribromo- 
ethylene and alcoholic potash. It is spontaneously inflammable (C. 1903, II. 
531 : 1907, I. 231). 

Diiodoacetylene, m.p. 81° with decomposition, is obtained by the action 
of iodine on silver aeetylide or calcium carbide, or of iodine and alkali hypoiodite 
on acetylene (Ber. 37, 4415 : C. 1911, II. 1814), or from barium iodopropiolate 
by heating with water (Ann. 308, 326 : Ber. 34, 2718). In the light or on heating 
it decomposes with formation on tetraiodoethylene and carbon (Ber. 37, 3453). 

Nef regarded these very poisonous and labile compounds as derivatives of 
the hypothetical acetylidene, CHg : C, and likened them to hydrogen cyanide 
and the wonitriles (Ann. 298, 332 ; c/. C. 1907, I. 231 ; Ber. 46, 143). 

The halogenacetylenes polymerize much more readily than acetylene itself, 
and the products, in part, are benzene derivatives ; e.g. bromoacetylene gives 
tribromobenzene. 

3CH :CBr ^^CeHaBrj 

lodoallylene, OHjC ; Cl, b.p. 110°, is obtained from silver allylide and iodine 
solutions (Ann. 308 , 309). 

“ Perchloromesole,” CiCle, probably CCI 2 : CCl-CCl : CCI 2 (C. 1913, 11. 99), 
is frequently obtained as an end product in exhaustive chlorinations ” (Ber. 
10, 804 : c/. Ber. 22, 1269). 


I * 

- . 







OXYGEN-CONTAINING DERIVATIVES OF THE 
ALIPHATIC HYDROCARBONS 


The oxygen-containing derivatives can be considered as derived 
from the hydrocarbons by the replacement of hydrogen atoms by 
hydroxyl groups (-OH groups). When one hydroxyl group is intro- 
duced, monohydric alcohols are produced : 

CH3CH3 

More than one hydroxyl group may be introduced, each being attached 
to a different carbon atom. This leads to the formation of further 
series of alcohols, which are distinguished as monohydric, di-, tri-, 
and poly-hydric alcohols according to the number of hydroxyl groups 
they contain. The simplest alcohol of each series contains as many 
carbon atoms as it has hydroxyl groups. 

CHa'OH Methyl alcohol (the simplest monohydric alcohol) 

CHgOH-CHaOH Ethylene glycol (the simplest dihydric alcohol) 

CHaOH'CHOH-CHaOH Glycerol (the simplest trihydric alcohol) 

and similarly erythritol, arabitol, mannitol containing respectively 
four, five and six hydroxyl groups and four, five and six carbon 
atoms, are the simplest representatives of the tetra-, penta and hexa- 
hydric alcohols. 

Further, more than one hydrogen atom attached to the same carbon 
atom may be replaced by — OH groups. In such cases, with very 
few exceptions, water is split off from the resulting compound, and 
the oxygen becomes linked to carbon by a double bond. 

The following possibilities have to be considered, (a) Two hydro- 
gen atoms of a terminal CH3 group are replaced, (b)' two hydrogen 
atoms of an intermediate CHg group, and (c) three hydrogen atoms 
of a terminal CHj group are replaced by an equal number of hydroxyl 
groups. In each case water is split off, and three new classes of 
oxygen containing compounds are produced. 

/OH /O 

{a) R'CfOH + H^O 

\h \h 


(6) Rjv 

B> 




>C=0 -f HoO 

E-c/° + H,0 
\OH 


(a) Compounds containing the group — C<g are known as Aide- 

hjfdes, where the .group — CHO is called the aldehyde group. 
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{!)) CompoundK (containing the group =C=0 in union with two 
carbon atoms arc (called Ketones. The grouj) ==CO is known as the 
keto- or k(‘t<)iK‘ pfrou]). 

(c) Coini)oun(ls containing tlie group are named Car- 

boxylic acids, and the group — COOH is called carboxyl. The 
alcohols, aldehydes, and ketones are neutral substances. The car- 
boxylic acids are acids, and form salts in the same manner as the 
mineral acids. 

Aldehydes, ketones, and carboxylic acids as the oxidation products 
of alcohols, will be discussed after them. Unsaturated hydrocarbons 
similarly yield unsaturated alcohols, aldehydes, ketones, and car- 
boxylic acids. In the following sections the unsaturated derivatives 
will receive attention after the saturated compounds corresponding 
with them ; i.e. the unsaturated alcohols will follow the saturated 
alcohols. 

Similarly, an almost endless series of oxidation products is derived 
from the di, tri-, and poly-hydric alcohols. These compounds contain 
the same oxygen -containing atomic groups, as the monohydric alcohols 
and their oxidation products, hut possess several of them in the same 
molecule. 

Finally, when in methane, the four hydrogen atoms are replaced 
by hydroxyl groups, the loss of two molecules of water would be 
possible, and carbon dioxide, the anhydride of two acids incapable 
of free existence (orthocarbonic acid and ordinary metacarbonic acid) 
would be obtained. The carbonatCvS are derived from the meta-acid. 


A< 
H 




.OH 

\OH 

Orthocarbonic acid. 


/OH 

O^-OH 

il 

O 






Metacarbonic acid. Carbon dioxide. 


The carbonates are salts of a dibasic acid. Therefore, carbonic 
acid, with its numerous derivatives, will be discussed before the di- 
carboxylic acids, the final oxidation products of the dihydric alcohols 
or glycols, whose simplest representative is oxalic acid. 


IIL THE MONOHYDRIC ALCOHOLS AND 
THEIR OXIDATION PRODUCTS 

1. MONOHYDRIC ALCOHOLS 

The monohydric alcohols can be looked upon as derived from 
water by replacement of one hydrogen atom by a monovalent alkyl 
group. If both hydrogen atoms in water are so substituted, there 
result the ethers, which are at the same time alkyl oxides or alcoholic 
anhydrides. 

H-O-H CaHs-OCaHs 

Water, Ethyl Ethyl 

alcohol. ether. 

The monohydric alcohols contain one hyeboxyl group, 'OH ; bi- 
valent oxygen links the univalent alkyl radical to hydrogen, as in 
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CHj-O-H, methyl alcohol. This hydrogen atom is chMacterized by 
its ability to be exchanged for acid residues, forming compound 
ethers or esters, corresponding with the salts of mineral acids ; 

CsHj-OH + NOjOH = CjHs-O-NOj + HjO 
Ethyl alcohol. Ethyl nitrate. 

Alkyls and metals can also replace the hydrogen in the alcoholic 
hydroxyl group : 

CaHs-O-CHa CaHg-ONa 

Methyl ethyl ether. Sodium ethoxide. 

Structure of the Monohydric Alcohols. — ^The possible isomeric 
alcohols may be readily derived from the hydrocarbons. There is one 
possible structure for the first two members of the normal alcohols : 

OHa-OH CaHs-OH 

Methyl alcohol. Ethyl alcohol. 

Two isomers can be obtained from propane, = CHa'CHa'CHg : 

CHa-CHa-CHa-OH and CH3-CH(OH)-CH3 
Propyl alcohol. isoPropyl alcohol. 

Two isomeric alcohols may be obtained from each of the isomeric 
butanes (p. 35) : 


CHa 

CHa 



j 

CHa 

j 

CHa 



{ and 

1 

yOHa 

CH^CHa-OH 

\CHa 

/CH, 

and C(OH)^CHj 
\CHj 

CHa 

i 

CH-OH 

1 

CHa-OH 

CHa 


formal butyl 

Secondary butyl 

isoButyl 

<ftrt.-Butyl 

alcohol. 

alcohol. 

alcohol. 

alcohol. 


An excellent mjethod of formulating the alcohols was introduced 
by Kolhe in 1860 (Ann. 113, 307 : 132, 102). He regarded all 
alcohols as derivatives of methyl alcohol, for which he proposed the 
name carbinol, and compared the alcohols, formed by the replacement 
of hydrogen not in union with oxygen by alcohol radicals, with the 
primary, secondary, and tertiary amines, resulting from the replace- 
ment of the hydrogen in ammonia by alcohol radicals. With this 
view as a basis, Kolbe predicted the existence of secondary and 
tertiary alcohols. Their first representative was discovered shortly 
afterwards. By the replacement of one hydrogen atom in carbinol 
by an alkyl group the primary alcohols result : 

CHa-CHaOH 

Methyl carbinol, or Ethyl caibiuol, or 

Ethyl alcohol. Propyl alcohol. 

If the replacing group possesses an unbranched carbon chain, the 
primary alcohols are said to be normal. In alcohols of this class the 
carbon atom carrying the hydroxyl group has two hydrogen atoms 
(they contain the group — CHg-OH). Hence compounds of this 
variety can easily pass into aldehydes (containing the OHO group) 
and acids (with CO OH group) on oxidation (see p. 224) : 

R-OHjOH yields B-CHO and R-COOH 

PrSmary alcohoU Aldehyde. Acid. 
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The secondary alcohols result when two hydrogen atoms in carbinol, 
CHa’OH, are replaced by alkyl groups : 

CH3N 

>CH{OH) 

CH3/ 

Uiinethylcarbiuol Methylethylcarbinol 

Propyl alcohol). (isoButyl alcohol). 

In alcohols of this class the carbon atom carrying the OH group 
has but one additional hydrogen atom ; they contain the group 
>CH*OH. They do not furnish corresponding aldehydes and acids, 
but, when oxidized, they pass into ketones : 


CH3\ 

>CH(OH) 



yields 



= 0 


Secondary alcohol. Ketone. 


When, finally, all three hydrogen atoms in carbinol are replaced by 
alkyls, there result the tertiary alcohols, containing the group ^C* OH. 

CH3V. 

CH3-~C*0H Trimethylcarbinol. 

CH3/ 

The tertiary alcohols decompose when oxidized. 

The “ Geneva names ” for the alcohols are derived from the names of the 
corresponding hydrocarbons, with the addition of the final syllable “ ol ” ; 


CHg-OH = [Methanol] ; CHg-CHg-OH = [Ethanol]: 
CHa-CHg-CHg-OH = [1 -Propanol] ; CHs-CHOH-CHs = [2.Propanol]. 


The parallelism between the formulae of the three classes of alcohols 
and the three classes of amines (q.v,), is very evident upon studying 
the following general formulae : 


RCH.vOH 


^CH-OH 


R\ 

K^C-OH 

R/ 


Primary alcohols. 
R-NH.3 


Secondary alcohob. 
r>NH 


Tertiary alcohols. 
R\ 

R^N 

R/ 


Primary amine. Secondary anihie. Tertiary amine. 

The behaviour of alcohols on oxidation is of great importance in 
.ascertaining whether a certain alcohol is primary, secondary, or 
tertiary in character. What has already been stated may be sum- 
marized thus : 

A primary alcohol on oxidation yields an aldehyde, which passes 
into a carboxylic acid if the action be continued. This acid contains 
as many carlbon atoms in its molecule as the parent alcohol. Oxidation 
changes a secondary alcohol into a hetone, having an equal number of 
carbon atoms in its molecule. A tertiary alcohol breaks down on 
oxidation into compounds having a lower carbon content. 

Formation of Alcohols. — Swmimry of Eeactions, — They are 
obtained from bodies containing a like number of carbon atoms : 

(1) By the saponification of acid esters. 

(2) By the reduction of polyhydric alcohols. 

(3) By the action of nitrous acid on amines. 

(4) and (5) By the reduction of their oxidation products. 

FVom nucleus-syntheses (p. 131) : 

VOL. 1. 


K 
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(O) and (7) By the action of magnesium alkyl halide or zinc alkyls, or 
zinc and alkyl iodides, on aldehydes, acid chlorides, ketones, formic 
esters , acetic esters, chlorinated ethers and ethylene oxide. 

(In) Frmn Haloid Esters or Alkyl Halides. — It was mentioned, in 
describing the reactions of the alkyl halides, that the latter afford 
a means of passing from the paraffins and olefines to the alcohols 
(p. 120). As alkali hydroxide causes the separation of a halogen 
acid from the alkyl halides, it is possible to exchange hydroxyl for 
the halogen, especially if this be iodine. This is most easily accom- 
plished by the action of freshly precipitated, moist silver oxide, or 
by heating with lead oxide and water : 

C2H5I + AgOH = CgHg-OH + Agl. 

Even water alone causes a partial transposition of the more reactive tertiary 
alkyl iodides ; the other alkyl halides in general when heated for some time 
with 10-1. 3 volumes of water to 100° are completely converted into alcohols 
(Ann. 186, 390). 

Tertiary alkyl iodides heated to 100° with methyl alcohol pass into alcohols 
and methyl iodide (Ann. 220, 158). 

(16) By the Saponification of their Esters. — It is often more practical 
first to convert the halogen derivatives into acetic acid esters, by 
heating with silver or potassium acetate : 

CaHjBr -f CHa-COOK = CHs-COOC^Hg + KBr 
Potassium acetate. Ethyl acetate. 

and then to boil these with potassium or sodium hydroxide, to obtain 
the alcohols : 

CHs-COOCgHs d- KOH = CgHg-OH + CH3COOK. 

The second reaction is called saponification^ because by means of it the soaps, 
i.e. the alkali salts of the fatty acids and glycerol (9.1’.), are obtained from the 
glycerol esters of the fatty acids — the fats. More generally this reaction is 
known as hydrolysis, 

(Ic) Frcnn Ethyl Svlphnric Acid by boiling water. 

C^H^O-SOsH 4- H.O = CaHs-OH + HaS04. 

Ethyl sulphuric acid. 

This reaction constitutes the transition from the olefines to the 
alcohols, as these esters may be easily obtained by directly combining 
the imsaturated hydrocarbons with sulphuric acid. 

Many olefines (like iso- and pseiido-butylene) dissolve at once in dilute nitric 
acid, absorb water, and yield alcohols (Ann. 180, 245). 

(2) The reduction of polyhydric alcohols by hydriodic acid yields 
the iodides of secondary alcohols, which are converted by methods 
ia and 16 into the alcohols themselves, e.g. : 

CH3OH CH3 CH3 

I HI I AgOH i 

CHOH > CHI ^ CHOH 

1 I I 

OH3OH CH3 CH3 

(ilyeerol. i*oPropyl iodide. isoPropyl alcohol. 

Or the chlorhydrins of the polyhydric alcohols may be reduced, e.y . : 

HCIO CHgOH 22 CH3OH 

CH. 6h.ci k, 

Etbyieiie, Etliylenc 

cUlorhydria, 
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(3) Action of nitrous acid on the 'primary amines : 

C3H5NH2 + NO-OH - C^Hs-OH + Ng + H^O. 

In the case of the higher alkylamines transpositions often occur, 
and instead of the primary alcohols, there result secondary alcohols 
(Ber. 16, 744). 

(4) Primary alcohols result from the reduction of (a) aldehydes, 
(6) acid chlorides, and (c) acid anhydrides ; also, by reduction of 
(d) acid esters by means of sodium and alcohol ; acid amides yield 
primary amines as well as primary alcohols by this reaction (C. 1904, 
I. 577 : II. 1697), 

(а) C^Hs-CHO + 2H = (Wurtz, Ann. 123, 140). 

Propyl aldehyde. 

(б) CHfCOCl + 4H = CHa-CHj-OH + HCl. 

Acetyl oUoricle. 

Ch’-CO>® + “ CaHs-OH + CHj-COOH (Linnemann, Ann. 148 , 249) 

Acetic anhydride. 

Aldehydes are first formed in the reduction of acid chlorides and anhydrides ; 
they in turn are reduced to alcohols. As reducing agents, dilute sulphuric acid 
or acetic acid, together with sodium amalgam, sodium, iron filings, and zinc 
dust may be employed (Ber. 9, 1312 ; 16, 1715). 

The last of these reactions is that by which an alcohol can be converted into 
another containing an atom more of carbon. The alcohol is changed through 
the iodide to the cyanide, and the latter to the acid, which, by reduction of its 
chloride or its aldehyde, yields the new alcohol : 

CHjOH ^CHal CHjCN ^ CHaCOOH CHaCOCl 


CHaCHaOH^ 

(d) CHa-COOCgHu + 4Na + 2C5H„OH = CH,*CHa-ONa + SCgHuONa 
Amyl acetate. 

{Bouveault QXid Blanc, Bull. Soc. Chim. [3], 31, 672.) 

“ Sodium-ammonium ” can be used in this reaction in place of sodium (Ann, 
chim. [9], 8, 145). The reaction can be made almost quantitative by reducing 
an ethereal solution of the ester, in presence of a solution of sodimn acetate as 
a separate lower layer at — 5®, sodium being added and the ethereal layer being 
kept just acid by addition of 80 per cent, acetic acid (Brim, Kec. trav. chim. 
1923, 42, 1050). 


(5) The reduction of ketones 3 nelds secondary alcohols {Friedel, 
Ann. 124, 324), together with pinacones (q.v.), the di-tertiary dihydric 
alcohols or glycols : 


CHs CHa 

I I 

CO + 2H == OHOH ; 

I I 

CH, CRs 

Acetone. tsoPropyl alcohol. 

Biochemical reduction of ketones 
2237. 


CH, CHg CIL 

I 'll 

2CO + 2H - HO— C C-OH 

I I I 

CH, CHj CHa 

Pinaeone, 

to optically active alcohols, see Ber. 52, 


Nuclear-synthetic Methods of Formation 

(6) By means of zinc alkyls from (o) acid chlorides, (6) ketones, 
(c) aldehydes and (d) esters. 
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( 6 a) From Acid Chlorides , — very remarkable synthetic method, 
proposed by Rutlerow (1864), which led to the discovery of the tertiary 
alcohols, consists in the action of the zinc compounds of the alkyls on 
the chlorides of the acid radicals (Z. Chein., 1864, 385 : 1865, 614). 


The reaction proceeds in three stages. At first one molecule of zinc 
alkyl reacts, and forms an addition compound with the acid chloride, as a 
result of the breaking down of the double bond between the carbon and 
oxygen : 


I. 



/CH3 

\C1 


Acetyl chloride. 


By decomposing the reaction-product with water, acetone is formed. 
However, should a second molecule of the zinc alkyl act upon the new 
compound, further reaction will take place on longer standing : 


yCH, /UMg 

II. CHa-C^O'Zn-CHg + Zn(CH3)2 == CHg-C^O-Zn-CHa -f Zn< 
\C1 XCHg 


/CHg 


Cl 

CHg 


If water be now permitted to react, a tertiary alcohol will be formed : 


t/ 


CH, 


III. + 2HsO = CH,-C^OH + Zn(OH)j + CH,. 




CH. 


\CH, 


If, in the second stage, the zinc compound of another radical be employed, 
the latter may be introduced, and in this manner we obtain tertiary alcohols 
containing two or three different alkyl groups (Ann. 175, 374, and 188, 110, 
122 ; C. 1910, n. 1201). 

It is remarkable that only zinc methyl and zinc ethyl furnish tertiary 
alcohols, whilst zinc propyl produces only those of the secondary type with 
evolution of propylene (Ber. 16, 2284 ; 24, R. 667). 

(66) The ketones in general do not react with the zinc alibis. On the other 
hand, there are ketones which do not contain a CH3 group united to a CO group, 
such as diethyl ketone dipropyl ketone (C3H7)2CO, and ethyl propyl 

ketone CgHg’CO'CsHy, which are converted by zinc and methyl or ethyl iodide 
into zinc allsyl compounds ; these, under the influence of water, pass into tertiary 
alcohols (Ber. 19, 60 : 21, R, 55). XJnsaturated tertiary alcohols are obtained 
from all the ketones by the action of zinc and allyl iodide (Ann. 196, 113). 

( 60 ) When zinc alkyls act upon aldehydes, only one alkyl group 
enters the molecule, and the reaction-product of the first stage yields 
a seccmdary alcohol when treated with water (Ann. 213, 369 ; and 
Ber. 14, 2557) : 


CHjCHO 

Aldehyde. 




Methylethylcarbinol. 


All aldehydes (even those with unsaturated alkyls, and also furfural) react in 
this way—but only with zinc methyl and zinc ethyl, whilst with the higher zinc 
Sf ofov undergo reduction to their corresponding alcohols (Ber. 17, 

methyl, chloral, CCla-CHO, yields trichlorowfopropyl alcohol, 
(Ann 223 16^® ' whereas with zme ethyl it is reduced to trichloroethyl alcohol 


(Qd) Just as tertiary alcohols are obtained from the acid chlorides, 
so secondary alcohols are derived from the esters of formic acid. Zinc 
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alkyls (or, better, alkyl iodides and zinc), are allowed to react in this 
case, and two alkyls are introduced : 


Hc/°- 

\o-c 


'•CaH, 
Ethyl formate. 


/OZn-CHs 

> HC^CHg 

NO-CaHg 


/O-Zn-CHg .OH 

> HCf-CHg > HC^CHa 

\CH3 \CH3 

Dimethyl carbinol. 


By using some other zinc alkyl in the second stage of the reaction, or by working 
with a mixture of two alkyl iodides and zinc, two different alkyl groups may 
also be introduced here (Ann. 175, 362, 374). 

Zinc and allyl iodide (not ethyl iodide, however) react similarly with acetic 
acid esters. Two alkyl groups are introduced and unsaturated tertiary alcohols 
formed (Ann. 185, 175). 

Chlorinated ethers, e.g. ClCHa'OCHg, and zinc alkyls yield ethers of primary 
alcohols (Ber. 24, R. 858) : 

2C1-CH2-OCH3 + Zn(C2H5)2 = 2C2H5-CH2-OCH3 + ZnClg. 


(7) Alkyl magnesium halides react similarly to the zinc alkyls 
with aldehydes and ketones. They are soluble in ether, are more 
convenient to deal with and are generally more valuable. The alkyl 
magnesium halides unite with aldehydes and ketones by breaking 
the double oxygen bond, and subsequently yield the alcohol on the 
addition of acidified water to the addition compound. Polymerized 
formaldehyde (trioxymethylene) gives rise to a primary alcohol, the 
other aldehydes to secondary and the ketones to tertiary alcohols 
(Grignard) : 

E-MgBr 

H CHO R-CHa-O-MgBr ^ R CHaOH 

The reaction with trioxymethylene is most conveniently carried 
out by leading the vapours from boiling, dried trioxymethylene into 
the well-stirred Grignard reagent (Ziegler ^ Ber. 54, 737). 


CHsCHsMgl /OH 

OH3CHO > CH3CH CH3CH 

\CH0CH3 \CH2CH: 


CHjCHaMgl /O— Mgl 

(CH3)2C0 ^ (CH3)2C< 

\CH2CH3 


avxi.3 

/OH 

> (CH3)aC<; 

\CH2CH3 


By similar reactions formic acid esters yield secondary alcohols, 
whilst alkyl carboxylic acid esters and carboxylic acid chlorides and 
anhydrides give rise to tertiary alcohols : 


CH,CHaMgl ^^OCgHg CHaCHaMgl 

HCOOCaHs HC— OMgl ^ HO— OMgl 

\sCHaCH3 \CH2CH3 

^HaCHa 

>■ HCOH 

•^CHaCHs 

CH.CH,MgI CH.CH.MgI „„ 

CHjCOOCjH, )- 0 H, 0 — OMgl >> CHaO— OMgl 

'^CHaCH, \CHa(ia:, 

► CH,COH 

'^CH,CHa 
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By the use of the higher alkyl magnesium compounds, secondary alcohols 
are formed as well as the tertiary, a reduction process taking place (Compt. 
rend. 141, 298: 146, 343). In many reactions the tertiary alcohols which 
are first formed, lose water and yield unsaturated hydrocarbons, which 
may even constitute the main product of the reaction (C. 1901, I. 725 ; 
II. 622 : 1902, I. 414). Reduction may also occur as a side reaction (Ann* 
437, 256). 

Primary alcohols are also obtained by warming the addition -products of 
ethylene oxide with the alkyl magnesium halides (C. 1903, II. 105 : 1907, 1. 1102) : 

CHax /Br CH^—OMgBr CH^— OH 

1 >0 + Mg<( >. 1 5. 1 

CH/ \C2H5 CHa— C3H5 CH^—C^Hs 

Tertiary alcohols are also formed by the action of alkyl magnesium compounds 
on chloroformic esters (Ber. 36, 3087: C. 1911, I. 1500). 

(8) The action of sodium or barium alcoholates on alcohols of the 
same name — especially among those of high molecular weight — ^leads 
to the formation of monohydric alcohols possessing two or three times 
the carbon content in the molecule (Ber. 34, 3246 : C. 1902, I. 743). 
For instance : isoamyl alcohol gives rise to a decyl alcohol of the con- 
stitution CHMe2-CH2-CH.yCH(CHMe2)-CH20H (Ann. 318, 157). 


A similar condensation takes place when the vapours of alcohols are passed 
over heated magnesium, the magnesium alkoxide being produced as an inter- 
mediate compound, and then reacting with excess of the alcohol to form the 
higher alcohol, e,g. Propyl alcohol gives jS-methylpentanol in 30 per cent, yield 
{Terentiev, Bull. Soc. chim., [iv] 35, 1145). 


In addition to the above universal methods, alcohols are formed by 
various other reactions. Their formation in the alcoholic fermenta- 
tion of sugars in the presence of ferments is of great practical impor- 
tance. Appreciable quantities of methyl alcohol are produced in the 
dry distillation of wood. Many alcohols, too, exist in combination 
as already formed natural products in compounds, chiefly as compound 
esters of organic acids. 

Their formation by the breakdown of a- amino acids by yeast 
fermentation and the action of other micro-organisms is of biological 
interest (see formation of Fusel Oil, p. 141). 

Conversion of Prirmry into Bmmdary and Tertiary Alcohols , — By 
the elimination of water the primary alcohols become unsaturated 
hydrocarbons (p. 104). The latter, treated with concentrated 

HI, yield iodides of secondary alcoholic radicals, as iodine does not 
attach itself to the terminal but to the less hydrogenized carbon atom 
(p. 106). Secondary alcohols result when these iodides are acted on 
with silver oxide. The successive conversion is illustrated in the 
following formulas : 


CH 3 

CH 3 

1 

CH 3 

CH 2 

1 

^ QJJ 

1 

^ r’TTT 

CH^-OH 

cIh, 

> VyJtll ‘ 

1 

CH. 

Propyl 

alcohol* 

Propylene. 

if 


CH3 

> CH-OH 


I 

CH3 

t<oPropyl 

alcohol. 
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In a similar manner primary alcohols in which the group CIl2*0H 
is Joined to a secondary radical, pass into tertiary alcohols : 

g>CH-CH,.OH -> ^g»>CI-CH, ^ CH,^C(OH)-CH, 

iwBiityl alcohol. isoButylene. Tertiary butyl Tertiary butyl 

iodide. alcohol. 

The change is better effected by the aid of sulphuric’ acid. The 
sulphuric esters (p. 167), arising from the alkylenes, CwH 2 n? have the 
sulphuric acid residue linked to the carbon atom with the least number 
of attached hydrogen atoms. 

Physical Properties , — In physical properties alcohols exhibit a 
gradation corresponding with their increase in molecular weight like 
other bodies belonging to homologous series. The lower alcohols 
are mobile liquids, dissolving readily in water, and possessing the 
characteristic alcoholic odour and burning taste. As their carbon 
content increases, their solubility in water grows rapidly less. The 
normal alcohols, containing from one to sixteen carbon atoms, are 
liquid at the ordinary temperature, whilst the higher members are 
crystalline solids, without odour or taste, resembling the fats. The 
boiling points of alcohols of similar structure increase gradually in 
proportion to the increase of their molecular weights, the rise being 
about 20° for a difference of CHg. The primary alcohols boil higher 
than the isomeric secondary, and the latter higher than the tertiary 
alcohols. Here we observe again that the boiling points are lowered 
by an accumulation of methyl groups. 

The boiling points can be calculated with approximate accuracy 
from the alkyl residues present (Ber. 20, 1948). The higher members 
are only volatile without decomposition under diminished pressure. 

Chemical Properties and Reactions , — ^The alcohols are neutral com- 
pounds. In many respects the first members of the series resemble 
water, and enter into combination with many salts, in which they 
behave as alcohol of crystallization (p. 137). 

Some of the more important reactions are — 

(1) The hydroxyl hydrogen is easily replaced by sodium, potas- 
sium, and other metals, yielding thereby the alcoholates or alkoxides 
(p. 144). 

(2) In their interaction with strong acids water separates and 

esters are produced. This reaction, in which the alcohols figure as 
the base, is analogous tb that taking place in the formation of a salt 
from a basic hydroxide and an acid, but differs from salt formation 
in that it is not an ionic ” reaction, and takes place correspondingly 
slowly. t 

The haloid esters of the alcohols are produced when the alcohols 
are heated together with the halogen acids. These esters are the 
mono-halogen derivatives of the paraffins. A more convenient method 
for their formation consists in heating the alcohols with the phos- 
phorus halides. Nascent hydrogen, acting on these esters, affords a 
means of reconverting the alcohols into their corresponding hydro- 
carbons (p. 95). 

(3) The primary saturated alcohols, on being passed over finely 
divided metals (Cu, Ni, Zn, Al) heated to redness, are decomposed 
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into aldehydes. Similarly, secondary alcohols give rise to ketones, 
and tertiary alcohols to olefines (C. 1903, I. 1212 : J. pr. Chem. [2] 
67, 420 : C. 1908, I. 1375). 

(4) Energetic dehydrating agents convert the alcohols, especially 
those of the tertiary class, into olefines. 

(5) Alcohols combine .with aldehydes at room temperature, with 
evolution of heat and formation of hydroxy ethers : these compounds 
revert to their components at higher temperatures : 

CH3CHO + HOEt CH8-CH(OH)’OEt. 

(Z. physik. Chem. 77, 284). 

In the presence of hydrochloric acid, the compounds combine to 
form acetals, R'-CH(OR)2. 

Reactions distinguishing Primary, Secondary, and Tertiary Ahdhoh* 
— (1) In the preliminary description of the alcohols it was clearly 
shown that primary alcohols, upon oxidation, yield aldehydes and 
carboxylic acids ; that the secondary alcohols form ketones with the 
same number of carbon atoms, and that the tertiary alcohols break 
down. 

(2) If the alcohols be converted by phosphorus iodide into their 
iodides, and the latter are changed by silver nitrite to nitroparaffina, 
these will show characteristic colour reactions, according as they con- 
tain a primary, secondary, or tertiary alcohol radical. 

(3) Acetic esters are formed when the primary and secondary 
alcohols are heated with acetic acid to 155° C. The tertiary alcohols, 
under similar treatment, lose water and form olefines (Ann. 190 , 343 : 
197 , 193 : 220 , 165). 

(4) When the primary alcohols are heated with soda-lime they 
yield their corresponding acids : 

K-CHg-OH + NaOH =* R-CO-ONa + 

(5) PCI3 reacts with the primary alcohols to form mainly esters 
of the type RO*PCl2 ; with secondary alcohols it produces unsaturated 
hydrocarbons, and with tertiary alcohols the corresponding alkyl 
chlorides (C. 1897, II. 334). 

(6) Primary and secondary alcohols yield the corresponding acetic 
acid esters with acetyl chloride CH3COCI ; the tertiary alcohols, on 
the contrary, give rise to tertiary alkyl halides (C. 1906, II. 747). 

A. SATURATED ALCOHOLS, PARAFFIN ALCOHOLS, C„H2„+iOH 

The most important members of this series, and of the monohydric 
alcohols in particular, are methyl alcohol or wood spirit, CHj'OH, and 
ethyl alcohol or spirits of wine : CHa'CHg-OH. 

1. Methyl Alcohol, Wood Spirit, Carbinol [Methanol]^ CHg'OH. 

Boyle discovered wood spirit in 1661 among the products of the 
dry distillation of wood. In 1812 Taylor recognized it as being similar to spirits 
of wine, but considered it an entirely different body. Dumas and P41igot (1831) 
(Ann. 15, 1) made the first study of it. 

It^ is formed in large amounts in the dry distillation of wood. The name 
methyl is derived from fiidv (wine), and vhj (wood). 

The aqueous product obtained in the distillation of wood at 600® in iron 
retorts contains methyl alcohol, acetone, acetic acid, methyl acetate, and other 
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compounds. It is distilled over quick-lime or soda, whereby the acetic acid 
is hold back in the form of a salt. Further purification is effected by means 
of anhydrous calcium chloride, which combines with the alcohol to a crystalline 
compound. This is removed, freed from acetone by filtration and drying, and 
afterwards decomposed by distilling with water. Pure aqueous methyl alcohol 
passes over, which is then dehydrated with lime or anhydrous potassium carbon- 
ate. To procure it perfectly pure it is necessary to decompose methyl oxalate, 
a readily crystallizable substance, the high-boiling methyl benzoate, or methyl 
formate, with potassium hydroxide. 

Methyl alcohol is also produced in the dry distillation of molasses. It occurs 
in nature as methyl salicylate, CeH4(OH)*COOCH3, wintergreen oil, derived from 
QauUheria procumbens ; as the methyl ester of anthranilic acid in 7 iGroU oil, in 
many alkaloids and other compounds. 

The full synthesis of methyl alcohol proceeds from carbon disulphide 
through methane and methyl chloride, by the action of aqueous 
potassium hydroxide on the latter at 100'* {Berthelot, 1858, Ann. chim. 
phys. [3] 52, 101) : 

KOH 

CSs CH4 ^ CH3CI ^ 

In Germany at the present time, methyl alcohol is largely manu- 
factured synthetically by the reduction of carbon monoxide by hydro- 
gen (water-gas) under pressure in the presence of catalysts (Badische 
Anilin und Sodifabrih). 

To detect ethyl alcohol in methyl alcohol, the liquid is heated with concen- 
trated sulphuric acid, when ethylene is formed from the ethyl alcohol, whilst 
methyl ether results from the methyl alcohol. The amount of methyl alcohol 
in wood spirit is determined, quantitatively, by converting it into methyl iodide, 
CH 3 I, through the agency of PI 3 (Ber. 9, 1928), or into methyl nitrite by the 
action of nitrous acid. Methyl nitrite is readily volatile, and when distilled 
into acid potassium iodide solution, liberates iodine, which can be titrated with 
thiosulphate (Ber. 57, 693). 

Physical Properties , — ^Methyl alcohol is a mobile liquid with a 
spirituous odour and a burning taste. It is miscible with water, 
other alcohols, ether and many other organic liquids. B.p. 64-56°/760 
mm., m.p. - 94° (Ber. 33, 638), 0'79647 (Ber. 41, 4326). 

Uses . — ^Wood spirit is employed as a source of heat, and as a 
denaturizing agent for ethyl alcohol. It is also used in making 
varnishes, dimethylaniline, and for the methylation of many carbon 
derivatives, particularly the dye-stuffs. It is a good solvent for many 
compounds of carbon. 

Chemical Properties, — (1) Methyl alcohol combines directly with 
CaClg, to form CaCl 2 - 4 CH 40 , crystallizing in brilliant six-sided plates ; 
homologous alcohols give similar compounds (C. 1906, II. 1715). 
Barium oxide dissolves in methyl alcohol, forming the crystalline 
body Ba 0 * 2 CH 40 . The alcohol in this salt behaves as adcohol of 
crystallization. 

(2) Potassium and sodium dissolve in the anhydrous alcohol, to 
form methylates, e.g. CH3OK and CHsONa. 

(3) Oxidizing agents, e.g. air in presence of platinum black or 
copper oxide, oxidize methyl alcohol to formaldehyde, formic acid, 
and carbon dioxide. 

(4) Chlorine and bromine do not act so readily on methyl as on 
ethyl alcohol. Chlorine attacks aqueous methyl alcohol, however, 
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quite easily (Ber. 28, R. 771). Dichlorometliyl ether, (C 1 CH 3 ) 20 , is 
first produced, which water converts into formaldehyde and hydro- 
chloric acid (Ber. 26, 268). 

(5) When methyl alcohol is heated with soda-lime, sodium formate 
results with evolution of hydrogen : 

CHa-OH + NaOH = CHO-ONa + 2 H 2 . 


( 6 ) When the alcohol is distilled over zinc dust, it breaks down 
into carbon monoxide and water. 

(7) Methyl alcohol differs from all other primary alcohols in that 
it contains the CHgOH group in union with hydrogen. Hence its 
oxidation is not restricted to the corresponding monobasic carboxylic 
acid, but may extend to carbonic acid : 


/OH 

C^H 


> C^O 
1 

H 


/OH 
> C^O 
I 

H 



- HaO 


■> 



2. Ethyl Alcohol, Spirits of Wine [Ethanol], CH 3 CH 2 OH. — In con- 
sequence of its formation in the spirituous fermentation of saccharine 
plant juices, alcohol, in impure state, was known to the ancients. 
It was, however, only at the end of the eighteenth century that the 
knowledge of how it might be obtained in an anhydrous condition 
was first acquired. In 1808 Saussure determined its constitution. 

Occurrence . — Ethyl alcohol seldom occurs in the vegetable kingdom. It is 
found, together with ethyl butyrate, in the unripe seeds of Heracleum gigantewn 
and HeracUum spondylium. It is said to be present in the urine of diabetic 
patients. It appears in that of healthy men after excessive consumption of 
alcoholic beverages. 


Fannaiion . — ^It may be obtained by the general methods previously 
described for primary alcohols : ( 1 ) From ethyl chloride ; (2) from 
ethyl sulphate ; (3) from ethylene chiorhydrin ; (4) from ethylamine ; 
( 5 ) from aldehyde ; and ( 6 ) from acetyl chloride or acetic esters. 

The first three methods show the close relationship between ethyl 
alcohol, and acetylene, ethylene and ethane, and the last three with 
methyl alcohol and with acetic acid, whose nitrile can easily be 
obtained from methyl alcohol. 

Starting with acetylene, the most direct course to ethyl alcohol would be 
through acetaldehyde. Water converts it into the latter (p. 110), and nascent 
hydrogen then reduces the aldehyde to alcohol. 

If the acetylene be changed to ethylene, then various possibilities arise for the 
formation of ethyl alcohol : (1) Ethylene and hydrogen unite to form ethane, 
which'chlorine changes to ethyl chloride, jdelding alcohol when heated with water. 

(2) At 160° ethylene unites with sulphuric acid, forming ethyl sulphuric acid, 
which boiling water changes to ethyl alcohol and sulphuric acid. In this manner 
Berthelot first carried out the synthesis of ethyl alcohol (C. 1899, I. 1018). 

(3) Ethylene and hypoehlorous acid yield ethylene chiorhydrin or monochlorethyl 
alcohol which be reduced to ethyl alcohol. 

A nucleus-synthesis of ethyl alcohol from methyl alcohol is possible through 
acetaldehyde. Methyl alcohol can be synthesized from carbon disulphide 
(p. 137). Phosphorus iodide converts the methyl alcohol into methyl iodide, 
and this, by action of potassium cyanide, is changed into methyl cyanide,' Boiling 
alkali transforms the latter into an alkali acetate, which phosphorus oxychloride 
csonverts into acetyl chloride. The latter, by reduction, yields ethyl alcohol, with 
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SfCetaldehyde as an intermediate product. Acetaldehyde may also be prepared 
from calcium acetate by heating it with calcium formate. 

These relations are made clear in the following diagram: 



Preparation. — Ethyl alcohol in prepared on a technical scale almost 
exclusively by the alcoholic fermentation of saccharine liquids. 

Schwaan^ in 1836, and independently Cagniard Latour, found that 
alcoholic fermentation was brought about by yeast cells. This dis- 
covery, as opposed to Liebig's mechanical fermentation theory (Ann. 
29, 100 : 30, 250, 363), only found general acceptance from 1857 
onwards, through Pasteur’s investigations (Ann. chim. phys. [3] 58, 
323). In 1897, Buchner showed that the expressed liquid from 
mechanically broken-up yeast cells could also bring about alcoholic 
fermentation. It was therefore shown that fermentation was a purely 
chemical reaction, and not a vital ” process. The active agent in 
the fermentation is an enzyme-complex zyrmse which is formed by 
the living yeast cell, but which acts independently of it. , Harden 
and Young in 1906 showed that the enzyme could be split into at least 
two parts, the zymase itself — ^heat-labile, non-diffusible — and the 
“ co-enzyme ” which is heat-stable and readily diffusible. Both com- 
ponents are simultaneously necessary for alcoholic fermentation. The 
co-enzyme is probably a hexosephosphate (Ber. 32, 2086 ; 33, 971, 
2764 : 47, 853 : Bull. [4] 7, 1 : Proc. Roy. Soc. 77, [B], 405 ; Bio- 
chem. Z., 8, 520). The reaction mechanism of alcoholic fermentation 
is discussed later. See p. 140. 

Conditions of Alcoholic Fermentation. — ^The yeast germs increase 
by budding in dilute, warm (5-30°) sugar solutions : the growth is 
most rapid at 20-30° C. Its development requires salts, especially 
phosphates, and albuminous substances which are always present in 
sugar-containing fruit juices as well as oxygen at the commencement 
(Ber. 29, 1983), but the fermentation proceeds afterwards without 
access of air. When the quantity of alcohol in a fermenting liquid 
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reaches a certain amount, the fermentation ceases, since the yeast 
germs cannot grow in liquids containing 14 per cent, of alcohol. They 
are also destroyed ‘by a temperature of 60°, and by small quantities 
of phenol, salicylic acid, mercuric chloride, and other disinfectants. 

The sugars occurring in ripening fruits — grapes, apples, cherries — ■ 
and in cane and beet, as well as in many other plants, belong to the 
class of carbohydrates, which contain carbon, together with hydrogen 
and oxygen in the same proportion in which they are present in water. 
The carbohydrates will be discussed in detail immediately after the 
hexahydric alcohols : CeH8(OH)6 — ^mannitol, dulcitol, sorbitol, etc., 
of which the first oxidation products are the simple carbohydrates, 
CeHi.Oe. 

The carbohydrates may be arranged in three principal classes : 

(1) Monosaccharides, CgHiaOe : glucose, fructose, etc. 

(2) Disaccharides. C 12 H 22 OH: maltose, sucrose, lactose, etc. 

(3) Polysaccharides. (CsHioOs)^ : starch, glycogen, dextrin, etc. 

The carbohydrates of the second and third classes are anhydrides 

of the monosaccharides. 

Some of the monosaccharides, especially glucose and fructose, are 
capable of direct alcoholic fermentation. Certain disaccharides such 
as maltose are also directly fermentable, and the other disaccharides 
and polysaccharides, which are not directly fermentable, can be 
hydrolysed to the simple fermentable sugars. 

Enzymes. — (See also p. 755.) The breakdown of the di- and poly- 
saccharides to mono-saccharides, with the addition of water {hydrolysis), 
can be brought about by enzymes. For alcoholic fermentation the 
enzymes invertase (saccharase), diastase {amylase), and the complex of 
zymase are of importance. The invertase breaks down sucrose into 
glucose and fructose, amylase breaks down polysaccharides into di- 
and mono-saccharides and the zymase breaks down the mono- 
saccharides. 

According to Pasteur, in the fermentation of monosaccharides, 
90-95 per cent, of the sugar breaks down into carbon dioxide and 
alcohol, according to the equation first put forward by Gay-Lussac 
(1815) : 

CeHiaOs > 2C^'£l,0 -f 2 CO 2 . 

At the same time, glycerol (2-5 per cent,), fusel oil, and some succinic 
acid are formed, the last especially towards the end of the fermenta- 
tion (Ber. 27, R. 671). In fusel oil occur %-propyl alcohol, isobutyl 
alcohol, and most important, “ fermentation amyl alcohol,’’ which 
is a mixture of (inactive) isobutylcarbinol and optically active sec.- 
butylcarbinol. 

Mechanism of Alcoholic Fermentation . — (C/, K, Neuberg, Ber. 55, 
3624 : Harden, Alcoholic Fermentation, London, 1932.) The mechan- 
ism of alcoholic fermentation has been made clear largely by the 
work of Neuberg, Wohl, v. Euler, Harden and others. 

According to Neuberg, the first stage in the reaction is the break- 
down of the sugar molecule into two molecules of methylglyoxal 
(equation I). Although this decomposition has been confirmed by 
purely chemical means (action of alkalis), and by the action of 
enzymes {Biochem. Z. 55, 495 : 71, 144), the details of the break- 
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down of the Ce chain and the wandering of the oxygen atoms is not 
yet clear. There is much evidence that hexosephosphorie esters play 
an important part (Z. physiol. Chern. 139, 15 : 143, 77). 

Fermentation l>y yeast juice or dried yeast is markedly increased 
by the addition of inorganic phosphate to the fermenting liquid. 
The additional fermentation is associated with the esterification of 
an equivalent amount of the phosphoric acid, according to the equation 
(Harden and Young) : 

2CeHi20s + 2PO4HR2 - 2CO, + 2C,HeO + 2H2O + 

which represents the formation of a hexosediphosphoric ester which 
can actually be isolated. A hexosemonophosphate is formed simul- 
taneously and its formation can be represented by a similar equation. 

This effect does not occur with living yeast, but is not therefore 
of negligible importance. One possible explanation of the difference 
is that living yeast contains sufficient of the enzyme hexosephos- 
phatase to break down the organic phosphates and ensure an optimum 
quantity of free phosphate throughout the reaction. For further 
discussion on this subject, see Harden’s book (above). 

The next stage of the reaction has also been much investigated. 
In 1910 it was discovered that pyruvic acid could be smoothly fer- 
mented and it was suggested that this acid was an intermediate prod- 
uct (c/. Z. angew. Chem. 39, 951) and that it was formed by a Can- 
nizzaro reaction, two molecules of methylglyoxal yielding one molecule 
of pyruvic acid and one of glycerol (equation II). Through the action 
of yet another part of the enzyme complex, a “ carboxylase,” the 
pyruvic acid is immediately broken down to acetaldehyde and carbon 
dioxide (III). A further Cannizzaro reaction between the aoetalde- 
liyde and methylglyoxal (IV) gives ethyl alcohol and a further mole- 
cule of pyi’uvic acid, the latter then reacting again according to 
equation III. 

I, CeHijOe — > 2CH3-CO CHO + 2H2O. 

II. 2CH3 CO-CHO + 2H2O CH^OH-CHOH-CH^OH + CHj-CO-COOH. 

III. CH3 CO COOH — > CH3 CHO -f COg. 

IV. CHa-CHO -h CHs-CO-CHO CHs-CHaOH + CHa-CO-COOH. 

An important support to this conception of the reaction is given 
by the results of changing the conditions of reaction. By the addition 
of sodium sulphite to the fermenting liquid, the acetaldehyde is con- 
verted into the addition compound with NaHSOg as quickly as it is 
formed, and stage IV of the reaction is completely inhibited. Under 
these conditions, the enzyme acts according to equation II and the 
yield of glycerol is greatly increased (Constein und Ltidecke, Ber. 52, 
1385). By the addition of alkalis, the reaction is changed in another 
way, and there are formed glycerol, carbon dioxide, alcohol and 
acetic acid, the last two being formed by a '' dismutation ” of two 
molecules of acetaldehyde. 

The formation of fusel oil and succinic acid has been explained 
by the work of F. Ehrlich (Ber. 39, 2301 : 43, 1027 : C. 1905, II. 
156 : 1909, II. 731). These compounds are not produced by the 
breakdown of the sugar, but by the decomposition of amino acids 
which always occur in plant- juices and yield the nitrogen necessary 
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for the growth of the yeast cells. The decomposition of the amino 
acid proceeds through "the corresponding a-ketonic acid, and finally 
yields an alcohol containing one carbon atom less than the original 
amino acid. The components of fusel oil and their parent amino 
acids are shown below. 


CH3*CH2*CH(NH2)-C02H 
a-Aminobiityric acid. 

(CH3)2-CH-CH(NH2)-C02H 
I Valine. 

(CH3)a*CH-CH2*CH(NH2)C02H 

Leucine. 

CH3*CH2-CH(CH3)-CH(NH2)-C02H 

isoLeucine. 

C02H-CH2-CH,-CH{NH2)*C02H 
Giutaminic acid. 


■> CHa-CHa-CHaOH 
n-Propyl alcohol. 

(CHslaCH CHgOH 
isoButyl alcohol. 

> (CH3)2CH-CH3-CHjsOH 

isoButylcarhinol. 

> CH3‘CH2-CH(CH3)-CH20H 

sgf.-Butylcarbinol. 

> COsH-CHa-CHa-COaH 

Succinic acid. 


Alcoholic Beverages. — ^The materials used in the preparation of alcoholic liquids 
by means of fermentation are : 

1. Saccharine plant juices. 

2. Starch-containing substances, seeds of grain and potatoes. The^ fermented 
liquids are directly consumed (wine, beer) or they are first distilled in order to 
produce the various kinds of spirits, the alcohol content of which may exceed 
50 per cent. : 

(1) By the fermentation of saccharine juices we obtain ; 


(a) mthout subsequent distillation : 
From grapes: wine. 

„ apples : cider. 

„ currants : currant wine, 
etc. 


I (6) with subsequent distillation : 

From wine : cognac. 

„ molasses : rum, 

„ cherries : “ kirschwasser 
(Baden). 

„ prunes : sliwowitz (Bohe- 
mia), etc. 


(2) By the fermentation of starch-containing substances, after converting 
the starch into sugar with malt : 


(a) without subsequent distillation : 
Barley : beer. 

Wheat : weissbier (Berlin). 
Bice : sak4 (Japan). 


(6) with subsequent distillation : 

Barley and rye, wheat or oats, 
and maize : corn whisky of 
various kinds. 

Rice: arrac (East India). 
Potatoes : potato spirit. 


Manufacture of Potato Spirit. — ^Pure ethyl alcohol is obtained from potato 
spirit. The potatoes are first heated with steam to 140-lo0° C. under a pressure 
of from 2 to 3 atmospheres. The lower part of the apparatus is then opened and 
the potato mash pressed out and digested at 57-60® in a mashing apparatus with 
finely divided malt mixed with water. In this manner the starch of the potatoes 
is converted into sugar. When the “ mash ” has cooled to the proper temperature 
it is run into the fermentation-tubs, where it comes into contact with “ pure 
culture ” of yeast, and is then fermented. . Crude spirit results from the distillation 
of the fermented mash ; what remains is known as vinasse. 

Manufacture of Pure Absolute Alcohol. — ^To puiify the crude spirit further it 
16 fi^tionated on a large scale in a column apparatus. The first portions, more 
readily volatile, contain aldehyde, acetal, and other substances. A purer spirit 
(containing 95—96 per cent, of alcohol) follows, and in commerce is known as 
spifU. Finally come the “ tailings,” in which are the fusel oils. To remove 
the latter, the spirit is diluted with water and passed through previously ignited 
wood-charcoal, which retains the fusel oils, and the filtrate is then distilled. 

To prep^ anhydrous alcohol, the rectified spirit (90-96 per cent, alcohol) is 
distilled with anhydrous potassium carbonate, anhydrous copper sulphate. 
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quick -lime (Ann. 160 , 249), or barium oxide. Commercial absolute alcohol 
(about 99 per cent,) can be freed from its last traces of aldehyde and water, by 
treatment with alkali and silver oxide, and subsequent distillation over metallic 
calcium (Bor. 38, 3612). 

Detection, of Water in Alcohol . — Absolute alcohol dissolves barium oxide, 
assuming a yellow colour at the same time, and does not restore the blue colour 
to anhydrous copper sulphate. It is soluble without turbidity in a little benzene ; 
when more than three per cent, of water is present, cloudiness ensues. On adding 
anhydrous or absolute alcohol to a mixture of very little anthi’aquinone and some 
sodium amalgam it becomes dark green in colour, but in the presence of traces of 
water a red coloration appears (Ber. 10, 927). Aqueous alcohol generates acety- 
lene from calcium carbide, whilst the anhydrous spirit has no action in the cold 
(C. 1898, I. 658, 1225). 

Detection of Alcohol , — Traces of alcohol in solutions are detected and deter- 
mined either by oxidation to aldehyde {q.v.) or by converting it by means of 
dilute potassium hydroxide and iodme into iodoform (Ber. 13, 1002). 

Its conversion into ethyl benzoate, by shaking with benzoyl chloride and 
sodium hydroxide (Ber. 19, 3218; 21, 2744), also answers for this purpose. 

Properties . — Pure alcohol is a colourless mobile liquid with an 
agreeable ethereal odour. It boils at 78*3°/760 mm., and solidifies 
when strongly cooled to a varnish-like mass, which melts at — 112*^. 
D® 0-806, 1)2® 0-789, 0-78513. It burns with a non-luminous 

flame and absorbs water energetically from the air. When mixed 
with water a contraction occurs, accompanied by rise of tempera- 
ture ; the maximum is reached when one molecule of alcohol is 
mixed with three molecules of water, corresponding with the formula 
C 2 H 6 O + 3 H 2 O. The amount of alcohol in aqueous solutions is given 
either in per cent, by weight (degrees according to Richter) or per 
cent, by volume (degrees according to Tralles). It may be deter- 
mined by an alcoholoimter, the scale of which gives directly the per 
cent, by weight or volume for a definite temperature (15° C.). Or 
the vapour tension is ascertained by means of the vapourimeter of 
Geissler, or the boiling point is determined with the ebullioscope. 

The alcohol contained in spirituous beverages is first distilled ofi 
and then estimated in the distillate. 

Alcohol dissolves many mineral salts, the alkalis, hydrocarbons, 
resins, fatty acids, and almost all the carbon derivatives. The majority 
of gases are more readily soluble in it than in water ; 100 volumes 
of alcohol dissolve 7 volumes of hydrogen, 25 volumes of oxygen, and 
16 volumes of nitrogen. 

Ethyl alcohol forms crystalline compounds with some salts, e.g. 
calcium chloride and magnesium chloride, in which it behaves analo- 
gously to water of crystallization. 

Reactions. — (1) Potassium and sodium dissolve in it, yielding the 
alcoholates. 

(2) With sulphuric acid it yields ethyl hydrogen sulphate, and 
with sulphuric anhydride, carbyi sulphate (p. 103). 

(3) Phosphorus bromide and iodide change it into ethyl bromide 
and ethyl iodide. 

(4) Being a primary alcohol, such oxidants as manganese peroxide 
and sulphuric acid, chromic acid, platinum black and air, convert it 
to acetaldehyde and acetic acid (p. 128). 

(5) Chlorine and bromine oxidize alcohol to acetaldehyde, which 
unites with more alcohol to form acetal. The further action of chlorine 
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leads to the formation of mono- and dichloroacetal, and finally to 
chloral alcoholate. Bleaching powder changes alcohol to chloroform, 
and iodine and potassium hyc&oxide convert it into iodoform. 

(6) Nitric acid, free from nitrous acid, changes alcohol into ethyl 

nitrate Under certain conditions alcohol can be so oxidized 

by nitric acid that, besides attacking the CHg-OH group, the methyl 
group may be changed with the resulting formation of glyoxal, glycollic 
acid, glyoxalic acid, and oxalic acid : 

CHg-OH CHO CO2H CO2H 

1 I ^1 

CH3 CHO CH2OH ^CHO CO2H 

Ethyl alcohol. Glyoxal. Glycollic acid. Glyoxalic add. Oxalic acid. 

(7) Mercury fulminate (q.v,) is produced when alcohol acts on 
mercury and an excess of nitric acid. Boiling with mercuric oxide 
and sodium hydroxide gives rise to a basic, explosive body, C 2 HgQ 04 H 2 , 
called mercarbide (c/. p. 537) (Ber. 33, 1328). 

(8) If alcohol be passed through a red-hot tube, decomposition 
will be found to begin at 800°, and at 820-830°, about -J- of it splits 
up into ethylene and water, and f into aldehyde and hydrogen, whilst 
f of the aldehyde further breaks down into methane and carbon 
monoxide (Ber. 34, 3579). These decomposition products appear at 
lower temperatures by passing alcohol vapour over finely divided 
metals or aluminium oxide (0. 1903, I. 955 : II. 336). 

Alcolwlatea , — Sodium ethoxide is the most important alcoholate, as it is 
employed in a series of nucleus-synthetic reactions. It affords a means of splitting 
off water and alcohol. It may be prepared by dissolving sodium in alcohol, 
then heating it to 200® 0. in an atmosphere of hydrogen to free it from alcohol, 
when it forms a white, voluminous powder (Ann. 202, 294 : Ber. 22, 1010). Or, 
a calculated quantity of metallic sodium is added to a solution of alcohol in 
ether, toluene, or xylene, and the whole is heated under a reflux condenser until 
the sodium has entirely disappeared (Ber. 24, 649 : 37, 2067). An excess of 
water changes the alcoholates to alcohol and sodium hydroxide ; with a small 
amount of water the reaction is incomplete. The alcoholates also result on 
dissolving KOH and NaOH in strong alcohol. Sodium peroxide converts alcohol 
into sodium alcoholate and sodium hydroperoxide, NaO*OH (Ber. 27, 2299). 

Calciutn ethoxide, Ca(OC2HB)2, is formed by the solution of metallic calcium 
in alcohol, or by the decomposition of calcium carbide by absolute alcohol with 
the aid of heat (Ber. 28, R. 61 : 38, 3614). 

Aluminium ethoxidet AI(OC2H5)3, m.p. 134®, b.p. 205®/ 14 mm, ; aluminium 
propylate A^OCsH^)^, m.p. 106°, b.p,, 24®/14 mm., are remarkable in that 
they am volatile without decomposition imder much reduced pressure. 
Alumimu7}i methoxide is decomposed by heat under reduced pressure. These 
compounds are prepared by the action of the respective alcohols 011 amalgamated 
aluminium (C. 1900, I. 10, 585). 


Substituted Ethyl Alcvltoh : 


1. CHXl-CHaOH 

2. OHCIa-OHoOH 

3. UUI3 CH2OH 

4. CHBraCHaOH 

5. CBrsCH^OH 

0. OHgNOa-CHjOH 

7. CH2NH8‘aH20H 

8. CH, eH{NHj)OH 


Glycol chlorhydrin (Bromhydrin, lodohydrin). 
Dichloroethyl alcohol^ b.p. 146® (Ber. 20, R. 363). 
Tnchtoroathyl alcohol, m.p, 18°, b.p. 151° (Ann, 210, 
63). 

J)ibro77ioethyl alcohol, b.p. 70-72°/10 mm. (Ber. 56, 
2283). 

TribroTnoethyl alcoli,ol, m,p, 80®, b.p. 92-94®/10 mm, 
(Ber. 56, 2283). 

Nitroethyl alcoJiol, b.p. 103®/! 1*5 mm. (Ber. 53, 209). 
Hydroxyethyldmine (jS-Aminoethyl alcohol). 
Aldehyde'Ummoiiia (a-Aminoethyl alcohol). 
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The compounds 1, 6 , and 7 will be discussed with ethylene glycol, 8 , with 
acetaldehyde. Di~ and trichloroethyl alcohol are obtained by the action of zinc 
ethyl on di- and trichloroacetaldehyde. The trichloro -compound is also obtained 
from urochloralic acid {q^v,) and by the bioehomioal reduction of chloral by yeast 
(Lintner and Liiers, Z. physiol. Chem. 88 , 122 : Willstatter, Ber. 56, 2283). 
Trichloroethyl carbarmte, NH 2 COOCH 2 CCI 3 voluntal, is used as a hypnotic (C. 
1923, I. 1196). Trihromo ethyl alcohol is obtained by the biochemical reduction 
of tribromoacetaldehyde (broinal) by means of yeast. Dibromoethyl alcohol is 
formed as a by-product. 

3. Propyl Alcohols [ProTanols\ C8H,*OH. — Two isomeric propyl 
alcohols are theoretically possible : the primary normal propyl 
alcohol and the secondary tsopropyl alcohol. Their constitution 
is evident from their methods of formation and their reactions 
(pp. 133-134). 

Normal propyl alcohol, OHa OHa-OHa OH, b.p. 974° ; Dao = 
0*8044, occurs in fusel oil (Chancel, 1853) from which it is obtained 
by fractional distillation. It is an agreeable-smelling liquid, which 
is miscible in every proportion with water, but is insoluble in a satur- 
ated, cold calcium chloride solution, whereby it can be distinguished 
from ethyl alcohol. It can also be prepared from ethyl magnesium 
chloride and trioxymethylene (p. 133), and by reduction of propion- 
aldehyde. Oxidation converts it first to propionaldehyde, and finally 
to propionic acid. By sulphuric acid it is converted into propylene, 
which with hydriodic acid yields isopropyl iodide, which can be 
converted into isopropyl alcohol. 

isopropyl alcohol (Secondary Propyl alcohol, dimethyharbinol), 
b.p. 82*7°, 0*7887, was prepared in 1855 by Berthelot from pro- 

pylene and sulphuric acid, and in 1862 by Friedel by the reduction 
of acetone. Kolbe in 1862 (Z. Chem. 1862, 687) recognized in iso- 
propyl alcohol the first representative of the class of secondary alcohols 
predicted by him (p. 128). 

It may be obtained from propylene oxide, | ^O, by reduction ; 

OH 3/ 

from formic ester by the aid of zinc and methyl iodide, and from 
acetaldehyde by means of methyl magnesium iodide (p. 220). Its 
formation from normal propylamine by the action of nitrous acid is 
noteworthy, and is accompanied by the simultaneous production of 
primary propyl alcohol and propylene. 

It is prepared catalyfically by the reduction of acetone (Swiss Pat. 
87962 ; C. 1921, IV. 421). 

The most practical method of obtaining it is to boil the iodide, 
which is easily prepared from glycerol, with ten parts of water and 
freshly prepared lead hydroxide in a vessel connected with a reflux 
condenser, or by simply heating the iodide with twenty volumes of 
water to 100° (Ann. 186, 391). Oxidation changes it into acetone, 
whilst chlorine converts it into unsymmetric tetrachloroacetone (q-v.). 

TrichloroiBopropyl alcohol, m.p. 49*^, b.p. about 153®, is pro- 

duced by the action of zinc methyl on chloral (p. 238) (Aim. 210, 78). 

4. Butyl Alcohols, C 4 H 9 -OH. — According to theory four iso- 
merides are possible : 2 primary, 1 secondary, and 1 tertiary (p. 128) ; 

VOL. I. L 
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Name, 

Formula. 

M.P. 

B.P. 

Sp. Gr. 

1 

1. Normal Butyl Alcohol 

CH3(CHo)2CH20H 

Liquid 

116-8° 

0'8099 at 20° 

2. isoButyl Alcohol . . ! 

(CH3)2-CH-CH20H 

>» 

108-4° 

0-8020 at 20° 

3. Secondary Butyl Alco- 
hol 



99° 

0-8270 at 0° 

4. Tertiary Butyl Alcohol 

(CH3)3C-bH 

25° 

o 

CO 

OO 

0-7788 at 30° 


Normal butyl alcohol, n-Propylcarbinol [l-Butanol], is formed in the 
action of sodium amalgam on normal butyl aldehyde (Method 4a, p. 131), and 
from ethylene oxide and ethyl magnesium bromide (Method 7, p. 134). It is 
further produced by the fermentation of glycerol by a micro-organism together 
with trimethylene glycol, CH20H-CH2CH20H {Fitz, Ber. 16, 1438 : 29, R. 72 : 
Buchner and Meisenheimer, Ber. 41, 1410). 

Trichlorohutyl alcohol^ CH 3 *CHCl-CCi 2 *CH 2 -OH, m.p. 62°, b.p. 120°/45 mm., 
results when zinc ethyl and butyl chloral (p. 240) are brought together, and is 
also obtained from urobutylchloralic acid (Ann. 213, 372). 

Secondary butyl alcohol, Butylene hydrate^ {2-Butanol], 

is a strongly-smelling liquid. It is obtained from methyl ethyl ketone by reduc- 
tion with sodium and water under ether (C. 1901, II. 1113) ; also from normal 
butyl alcohol by conversion into butylene, by loss of water, the addition of 
hydrogen iodide to the butylene, and finally the hydrolysis of the iodide produced 
(p. 134). The same iodide is formed on heating er3rthritol,CH20H[CH OH] aCHgOH, 
with hydriodic acid. Heated to 140-260°, it decomposes into water and j8-buty- 
lene, CHg CH : CH-CHa. 

The relations existing between the normal primary and secondary butyl 
alcohols, as well as between a>butylene and ^-butylene, are shown in the following 
arrangement ; 


CH2OH 

CH2 

CH2 

11 

CH 

CH3 

1 

CHI 

CH3 

CHOH 

CH< 

1 

CH 

CH2 

^ CHg 

^ CH* 


^ CH 

1 

CH3 

j 

CH2 

j 

CH3 

j 

CHg 

1 

CH; 


Secondary butyl alcohol is the simplest racemic alcohol (comp. p. 70), It is 
resolved into its optically active components by means of the brucine salt of its 
acid sulphuric ester, or better by means of its acid phthalate (Ber. 40, 695 ; 
J.C.S., 103, 1938), 

isoButyi alcohol, i^oPropylcarhinol, Butyl alcohol oj fvrweritaiwi [2-Methyl- 
pro^Mnne-l-oI], occurs in fusel oils and e.spccially in the spirit from potatoes. It 
is a liquid po.ssessing a characteristic odour. It may readily be changed to 
isobutylene (CH 3 ) 2 C=CH 2 , from which, by the addition of halogen acids, 
tlerivatives of tertiary butyl alcohol are obtained (p.l36). For the action of 
chlorine on isobutyl alcohol, see Ber. 27, R. 607 : 29, R. 922. 

Tertiary butyl alcohol, Trimethylcarbinol, [Dmtethyl-etkanol], was prepared 
by Biiilerow (Ann. 144, 1) in 1863, from acetyl chloride and zinc methyl, and was 
the first representative of the tertiary alcohols predicted by Kolbe. 

The oxidation of tertiary butyl alcohol produces isobutyrie acid (CH 3 ) 8 *CH- 
COjH corresponding with isobutyl alcohol. This behaviour may be explained by 
the intermediate fonnation of isobutylene (CH 3 ) 2 C=CH 8 , the conversion of this, 
by absorption of water, into isobutyl alcohol, and the oxidation of the latter 
(Ann. 189, 73). The isobutylene, resulting from isobutyl alcohol and tertiary 
butyl alcohol, by the withdrawal of water can, by the addition of HCIO and 
reduction of the resulting ehlorhydrin, be changed to isobutyl alcohol, and by 
addition of HI yields tertiary butyl iodide, which in turn may be transformed 
into the tertiary alcohol (p. 135). 

5. Amy! Alcohols, CsHu-OH. — ^Theoretically, 8 isomers are pos- 
sible : 4 primary alcohols, 3 secondary, and 1 tertiary, all of -which 
are known. 
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The following table contains the formulae and the boiling points of the eight 
amyl alcohols. The name amyl alcohol is derived from d(j.vXov = starch, because 
the first»discoverod amyl alcohol was observed in the fusel oil obtained from 
potato spirit. 


Name. 

Formula. 

i 

M.P. 

B.P.,60 

’ '! 

1. Normal Amyl Alcohol 

1 

1 CH3-[CH2]3CH2*0H 


137® 

2. ?>oButylcarbinol 

1 (CH3)2*CHCH2-CH20H 


131" 

3. Active Amyl Alcohol . . . . | 

r»xT * 

ich..ch:>chch,oh 


128® 

4. Teri.-Butylcarbinol .... 

(CH3)3C*CH20H 

+ 49" 

112° 

5. Diethylcarbinol ' 

(CH3CH2)2CH*0H 


116® 

6. Methyl-n-propylcarbinol . 



118® 

7. Methylisopropylcarbinol . . 



112® 

8. Dimethylethylcarbinol 


- 12° 

102-5° 


Three of these eight alcohols contain an asymmetric carbon atom, indicated 
in the formulse by a star, hence each can have three modifications, two optically 
active and one optically inactive (p. 39), which raises the possible number of amyl 
alcohols to fourteen. On the connection between boiling point and velocity 
of reaction, see Ber. 30, 2784. 

(1) Normal amyl alcohol is most easily prepared from normal amylamine 
which, in turn, is obtained from caproio acid. It is almost insoluble in water, 
and has an odour of fusel oil. 

(2) isoButylcarbinol, (CH3)2CH*CH2*CH20H, constitutes the chief ingredi- 
ent of the amyl alcohol of fermentation obtained from fusel oil (p. 142), and occurs 
as esters of angelic and crotonio acids in Roman camomile oil. It may be obtained 
in a pure condition by synthesis from iffobutyl alcohol, with which it occurs in 
fusel oil : 


CH 



CHoCN 


-> CH — 

A 

CHaCHa 


-> CH - 


I 

‘ CH - 

A 

CH3CH3 


1 


■> CH 

cAhs 


A simpler synthesis is that from wbutyl magnesium bromide and trioxy- 
methylene (Method 7, p. 133) (C. 1904, II. 1599). The so-called amyl alcohol 
of fermentationf b.p. 129-132®, occurs in fusel oil and consists mainly of inactive 
wobutylearbinol. It possesses a disa^eeable odour. In addition, aec.-butyl- 
carbinol is present and causes the mixture to be Isevo-rotatory. 

The different solubilities and crystalline forms of the barium salts of the 
hydrogen sulphates of the two alcohols distinguish them and assist in their 
separation. From the more sparingly soluble salt, which forms in rather large 
quantity, tsobutylcarbinol may be obtained {Paateur). A more complete separa- 
tion of the alcohols is reached by conducting HCl into the mixture ; isobutyl- 
carbinol will be esterified first, the active amyl alcohol remaining unchanged 
(Le Bel) (Ann. 220 ,149). A more suitable substance for separating the fermenta- 
tion amyl alcohols by the esterification method is nitrophthalic acid (Vol. II) 
{Markfwald, Ber. 34, 479 ; 37, 1038). When the crude fermentation alcohol is 
distilled with zinc chloride, ordinary amylene is the product ; this consists mainly 
of (CH 3 ) 2 C ; CH-CHg, resulting from a transposition of 4>obutyl carbinol ; it 
contains, further, y-amylene and a-amylene (p, 107). 

(3) Active amyl alcohol, qjj^q]^*];>CH‘CH20H, seQ^-Butylcarbinol. Of 
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the two active modifications, the Isevo-rotatory form, not yet obtained pi:^e, 
is the optically active constituent of the fermentation alcohol. The proportion 
of the optically active alcohol in fermentation amyl alcohol varies from 13 to 
58 per cent., according to the origin of the latter (Ber. 35, 1596). Its rotatory 
power is [ajo = — 5'9°. The chloride, bromide, iodide, carbamic acid ester, and 
methylethylacetic acid (see valeric acid) prepared from the laevo-carbinol, are 
all optically active and dextro-rotatory, whilst the corresponding amine (p. 197) 
is Isevo -rotatory (Ber. 28, B. 410 ; 29, 59). 

The inactive modification of secondary butyl carbinol can be obtained by 
heating with sodium hydroxide (Le Bel), and also synthetically from secondary 
butyl magnesium bromide and trioxymethylene (p. 133 ; C. 1906, I. 130). Re- 
solution by means of a mucor leaves the dextro-rotatory alcohol (Ber. 15, 1506). 

(4) Tcrf.-Butylcarbinol, (CH3)3-C*CH20H, is formed on reducing the 
chloride of trimethylacetic acid or pivaHc acid (Ber. 24, R. 557) with sodium 
amalgam. Nitrous acid converts its amine, with isomeric change, into dimethyl- 
ethylcarbinol (Ber. 24, 2161). 

(5) Diethylcarbinol, (C2Hs)2-CHOH, is formed by the action of zinc and 
ethyl iodide upon ethyl formate. Since ^-amylene, CgHg'CH ; CH-CHg, yields 
the iodide of methylpropylcarbinol with HI, from which methylpropylcarbinoi 
is obtained, the diethylcarbinol can thus be converted into the latter alcohol : 


CH3 

CH3 

CH3 

i 

CH3 

CH3 

j 

CH2 

1 

CHg 

1 

CH 

j 

CHI 

^ 1 

1 

CH-OH 

CHOH 

CHI 

^ CH 

^ 1 

CHg 

^ CHg 

j 

C*H. 

j 

j 

C2H3 

^-Alllyleae. 

j 

C.H, 



The two methylpropylcarbinols are obtained from methyl propyl ketone and 
methyl itfopropyl ketone by reduction with sodium amalgam. 

(6) Methyl-«-propylcarbinol, CH3-CH2*CH2-CH(OH)*CH3, is resolved by 
PenicHlium giancum (Le Bel) ; the dextro-rotatory modification is destroyed, 
and the Isevo-rotatory form remains. 

(7) MethyRsopropylcarbinol, (CH3)2*CH-CH(OH)*CH3, yields the deriva- 
tives of tertiary amyl alcohol, apparently witli the intermediate formation of 
amylene, (CHalgO—CHCHa, when acted on by halogen acids and also PCI5; 


Clio 


CU(OH) 

1 

GH 

Cl^CHg 



OH3 

I 

Cllg 

1 

CCl ' 


A, 


CH3 

1 

CHo 

> I 

OOH 


C^H, 


The true derivatives of methylisopropylcarbinol are obtained from a-isoamyl- 
ene (CHg)3*CH*CH ; CHg (p. 107), by the addition of halogen acids, at ordinary 
temperatures or when warmed. 

(8) Tertiary amyl alcohol, C*OH, JHimthylethylcarbinol, Amylene 

hydrate, is a liquid with an odour like that of camphor. It produces sleep, the 
same as does chloral hydrate, and is, therefore, produced technically. 

Amyl alcohol of fermentation is employed as the parent substance, which, 
with zinc chloride, yields ordinary amylene, consisting mainly of ^-isoamylene, 

CH3CH==C<[[|^2® (p. 107), This is shaken at — 20® with sulphuric acid diluted 

with i-1 volume of water, and the solution is boiled with water (Ann. 190, 345). 

It is further formed by the action of nitrous acid on the amine of tertiary butyl 
carbinol (Ber. 24, 2519), and from propionyl chloride and zinc methyl. At 200® 
it <lecomposes into water and j5-i«oamylene. 
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Higher Saturated Alcohols, CnH 2 ,i+i*OH 
Many representatives of the higher members of this series are 
known. Fourteen of the theoreticaUy possible seventeen hexyl alco- 
hols, and thirteen out of the thirty-eight possible heptyl alcohols are 
known. Of the higher members, the number theoretically possible 
rapidly increases, but the known representatives become fewer in 
number. Few only are of importance, either from their formation, 
structure, or natural occurrence. 

Some of the more important members are described below. 

A large number of secondary alcohols of the general formula 
R*OHOH*R' have been resolved by means of the brucine, strychnine 
or cinchonidine salts of their acid phthalates (J.C.S. 99, 45 : 103, 
1923). 

Hexyl alcohol, n~He,ceyl alcohol, b.p. 157°, occurs as acetic and butyric esters 
in the oil of the seed of Heradeum giganteum (Ann. 163, 193). 

Pinacolyl alcohol (CH3)3C*CHOH-CH3, m.p. -f 4°, b.p. 120°, results from the 
reduction of pinacolin {q.v,) or ieri.-butyl methyl ketone, (OHa)3*0*CO*CH3. It 
has a camphor-like odour. (See Ber. 26, B. 14 ; C. 1901, II. 1157 ; comp. 
Tetramethylethylene.) The isomeric py-dimethylbutane-p-ol, m.p. — 10*5°, b.p. 
1 1 9°, is prepared from acetone and iaopropyl magnesium bromide. It decomposes 
when heated with dilute sulphuric acid into H^O and tetramethylethylene (C. 
1906, II. 1718). 

n-Heptyl alcohol, b.p. 175°, has been prepared from oenanthal (q.v.) by 
reduction, and from w-heptane (Ann. 161, 278). Pentametkylethyl alcohol, m.p. 
-f- 17°, b.p. 131°, has been obtained by various syntheses by means of magnesiom- 
organio compounds (C. 1906, 11. 1718). 

n-Octyl alcohol, CgHiyOH, b.p. 199°, occurs as acetic ester in the volatile 
oil of Heradeum spondylium, as butyric ester in the oil of Paetinaca saliva, and 
in the oil of Heradeum giganteum (Ann. 185, 26). It has been obtained artificially 
by several methods, amongst others by the reduction of caprylic ester by sodium 
and alcohol. 

n-Nonyl alcohol occurs as caprylic ester in orange-flower oil (J. pr. Chem. 
[2] 62, 532). 

Hexadecyl alcohol, Cetyl alcohol, Ethal, C16H33 OH, m.p. 49*5°, b.p. 340°, 
is a white, crystalline mass. It was prepared in 1818 by Chevreul from the. 
cetyl ester of palmitic acid, the chief in^edient of spermaceti (see Palmitic acid), 
by saponification with alcoholic potassium hydroxide : 

Ci«H„ 0 >q jj-Qjj C„H,a OH + C„H,iOOOK. 

Cetyl. Potassium 

alcohol. palmitate. 

{Preparation, see J- Ind. Eng. Chem. 9, 1123). 

When fused with potassium hydroxide, it yields palmitic acid (p. 3U6) : 

C1BH31CH2OH -f- KOH - C15H31COOK -f 2H3. 

Eicosyl alcohol, CaoHij-OH, m.p. 40'^ (J.C.S. 127, 70). 

Ceryl alcohol, CagHgaOH (or C27H55OH, Oompt. rend. 170, 1326) m.p. 80°. 
The cerotato forms Ghinene Wax, which is a waxy mass formed on the Chinese 
Ash, Fraxinus Ghimmis, by an insect Gorcua coniferus and the alcohol is obtained 
from the ester by fusion with potassium hydroxide. 

Melissyl alcohol, Myricyl alcohol, CaoHei^OH, m.p. 85°, occurs as myricyl 
palmitate in beeswax, from which it is isolated in the same manner as the preced- 
ing compound. GMoride, m.p. 64 ° ; iodide, m.p. 69*5°. Myrieyl iodide and 
metallic sodium give hoxacontane, CgoHiga, or dimyricyl (Compt. rend. 170, 886). 

Montanyl alcohol, CagHgyOH, m.p. 83*5°, Gossypyl ^cohol, CaoHexOH, 
m.p. 85°, and two alcohols, CaaHssOH and Ca 4 He 90 H, m.pp. 87-87*6° and 
88*5-89°, occur in the wax from American Cotton (J. Text. Inst. 1924, 15, 
337 t : Abstr. J.C.S. 128, i, 879). 
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B. UNSATURATED ALCOHOLS 
1, OLEFINE ALCOHOLS, C„Hga-.i.OH 

These are derived from the unsaturated olefines, CnHan* in the 
same manner as the normal alcohols are obtained from their hydro- 
carbons. In addition to the general character of alcohols, they possess 
the property of the olefines to form addition compounds. 

The chief representative of the class is allyl alcohol, OH 2 = 
CH-CHgOH. When oxidized by potassium permanganate, the double 
linkage of the allyl alcohols is severed, and trihydric alcohols — ^glycerols 
— ^result (Ber. 21, 3347). 

Vinyl alcohol, CHg : CHOH, separates as a mercury oxychloride compound, 
CsjHjOaHgsClg, when ethyl ether, in which it is always present in small amount, 
is treated with an alkaline mercury oxychloride solution (Ber. 22, 2863). It 
is produced simultaneously with hydrogen peroxide when ether is oxidized with 
atmospheric oxygen. It cannot be isolated from its mercury derivative, as all 
reactions which might be expected to produce it yield the isomeric acetaldehyde, 
CHa'CHO. Compounds containing the grouping >C : CHOH tend to change 
to the tautomeric form >CH-CHO (Erlenmeyer sen., Ber. 13, 309 : 14, 320). 
The monohalogenethylenes can be regarded as the halogen derivatives of vinyl 
alcohol. 

Bromovinyl alcohol and the dibromo compound^ CHBr ; CHOH and 
CBrj : CHOH, are obtained as acetates by removing bromine from the addition 
product of di- and tribromoacetaldehydes and acetyl bromide by finely divided 
copper (Ber. 45, 645). 

CHBraCHBr-O-COCHa V CHBr : CHO-COCHj. 

Allyl alcohol [Fropenol^l CaHs-OH = CHg : CH CHg-OH.— Allyl 
compounds occur in the vegetable kingdom : allyl sulphide and diallyl 
trisulphide (C. 1892, II. 833), in oil of garlic, and allyl thiocyanate, 
CgHs-NCS, in oil of mustard. It may be prepared (1) by heating 
allyl iodide — ^which is easily prepared from glycerol — ^to 100° with 
20 parts water ; (2) it is produced, also, when nascent hydrogen 
acts on acrolein, CHg : GH-CHO, and (3) sodium on dichlorhydrin, 
CHaCl-CHCbCHaOH (Ber. 24 , 2670). (4) It is best obtained from 
glycerol by heating the latter with oxalic acid. 

The mechanism of the reaction between glycerol and oxalic acid is 
discussed later, in connection with the preparation of formic acid 
(see p, 282), 

Properties, — Allyl alcohol is a mobile liquid with a pungent odour ; 
it is miscible with water, and burns with a bright flame. Solidifies 
- 50°, b.p. 90-97°, D20 0-854. 

It yields acrolein and acrylic acid when oxidized with silver oxide, 
and only formic acid (no acetic) with chromic acid. Glycerol results 
when potassium permanganate is the oxidant (Ber. 21 , 3351). Nascent 
hydrogen attacks it with difficulty, as seems to be indicated by its 
formation from acrolein, ' Boiling with zinc and sulphuric acid (Ber. 7 , 
866), however, or with aluminium and potassium hydroxide solution 
(C. 1899, IL 181), or leading its vapour over finely divided nickel 
(C. 1907, II. 30), causes the formation of w-propyl alcohol ; reduction 
with sodium-ammonium yields propylene (C. 1906, IL 670). Chlorine 
acts partly as an oxidizing, and partly as an additive reagent, giving 
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rise to acrolein and dichlorhydrin (Ber. 24, 2670). When heated to 
150° with potassium hydroxide, formic acid, n-propyl alcohol, and other 
products are formed. 

Allyl alcohol, when heated - with mineral acids, yields propionic 
aldehyde and methyl ethyl acrolein (Ber. 20, R. 699). 

Mercuric salts form compounds with it, which dissolve with diffi- 
culty (Ber. 33, 2692). 


Halogen-substituted allyl alcohols have been obtained from a- and /3-dichloro- 
propylene and jS-dibromopropylene. 

a-Chlorallyl alcohol, CHa=CCl*CHaOH, b.p. 136^ 

^-Chlorallyl alcohol, CHCl^CH-CHaOH, b.p. 153®. 
a-Bromallyl alcohol, CHjj^CBr-CHgOH, b.p. 152°. 

Sulphuric acid, acting on a-chlorallyl alcohol, produces acetone-alcohol {q.vJ), 
and with a-bromallyl alcohol yields propargyl alcohol (see p. 152). a-Brom- 
allyl alcohol may be prepared from allyl alcohol by a series of reactions, shown 
in the following diagram : 

CHgOH CHaBr CH^Br CH^Br CHfiCOCK^ CHgOH 

III I i i 

CH > CH CHBr > CBr > CBr > CBr 

II 11 I II II II 

CHa CHa CHaBr CH^ CHg CHa 

Allyl alcohol, CHa— C(OH)-CH3, is only known in the form of its ether 
(p. 158). The sodium derivative is produced by the action of metallic sodium 
upon acetone (Ann. 278, 116), diluted with anhydrous ether. 

Crotonyl alcohols, 

Allylcarbiml -a-But&nol) CHa : CH^CHa'CHaOH, b.p. 113®, is obtained by 
the action of magnesium allyl bromide on trioxymethylene (Compt. rend. 148, 
849). 

a-Methylallyl alcohol -p-Butenol) GHa : CH-CHOH-CHg, b.p. 97°, is obtained 
by the action of magnesium methyl iodide on acrolein (Ber. 41, 3621). 

Grotonyl alcohol {A^-a-Butenol) CH,-CH : CH-CH^OH, b.p. 117-120°, is ob- 
tained by the reduction of crotonaldehyde. 

The higher olefine alcohols are synthetically prepared by means of the zinc 
and magnesium organic compounds (p. 220) : (1) from ole&ae aldehydes and 
zinc alkyls or magnesium alkyl halides (Ber. 37, 3578 : 41, 2739 : 43, 1574, 
2330 : 45, 625 : C. 1908, I. 2225 ; II. 1677) ; or (2) from aldehydes or ketones 
with zinc and allyl iodide (Ber. 17, R. 316 : 27, 2434 : Ann. 185, 151, 175 : 
196, 109 : J. pr. Chem. [2] 30, 399 : C. 1901, I. 668, 997 ; 11. 622 : 1907, I. 
96) or magnesium and allyl bromide (Ber. 42, 435 : C. 1909, I. 1744 ; 1912, 
I. 1441). (3) Many aldehydes and ketones, when boiled with acid chlorides, 
especially benzoyl chloride, yield the benzoic ester of the olefine alcohols isomeric 
with the ketones, e.g. CsHn-CH : CHO-COGeHs from oenanthic aldehyde (p. 238) 
and benzoyl chloride ; C9HjoC( : GH2)0*G0G4H3 from methyl nonyl ketone and 
valeryl chloride (C. 1903, 1. 71.) (4) ajS-olefine carboxylic esters are reduced by 
sodium and alcohol to satuiated alcohols (see 4d, p. 131) ; on the other hand, 
carboxylic esters containing a remote olefine group, as in the case of allyl acetic 
acid, oleic acid, undecylic acid ester, etc., yield the corresponding olefine alcohols 
when similarly reduced (C. 1905, 1. 25 : II. 1700). (5) From hydroxyalkylamines 
by exhaustive methylation followed by decomposition of the hydroxyalkyl 
ammonium hydroxide (D.R.P. 2335X9: C. 1911, I. 1333). 

Pentenols. 

A’^-p-Penteml, CH3CH : CH'CHOH'CHa, b.p. 121°, is obtained from croton- 
aldehyde and magnesium methyl iodide. The corresponding hexenol and hept- 
enol are obtained by the use of magnesium ethyl and propyl bromides (Ber. 
39* 1603). 
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A^-a-Pentenol, CH, : OH-CHs-CHj-CHsOH, b.p. 142°, is obtained by reduction 
of allylacetic ester. 

CHg : CH-CHa-CHOH-CHa, b.p. 115% is obtained from mag- 
nesium aUyl bromide and acetaldehyde (Compt. rend. 154, 710). 

Hexenol. DirmthylMlylcarhinol, b.p. 119-5°. 

Octenols, Diethytallylcarhinol, b.p. 156®. MethylpropylallylcaMnol, b.p. 
169-160°. 

Nonenol* ^^-DiTnetkyl-A^’h6pt6n’‘^-^oL OMea i CH*[CIIa] 2 CMe 20 H, b.p. 
79°/10 mm., from geraniol (C. 1898, H. 11). 

^d'^-a-Undecenol. CHa : CHiCHalg-CHaOH, m.p. -1°, b.p. 133°/13 mm. 
(Helv. Chem. Acta, 9, 1074: Ber. 55, 2208) and oleyl alcohol (Octadec&nol), 
CigHasOH, b.p. 207°/13 mm., are obtained from undecenoio ester and oleic ester 
by reduction. 

PhS^tol is an alcohol, C 20 H 39 OH, which occurs as ester in chlorophyll (see 
Vol. III). Its constitution has been shown by synthesis to be 

CHMea-[CHa]3*CHMe-[CH2]3-CHMe-[CH2]3-CMe : CH-CHaOH. 

(Ann. 418, 121 ; 464 , 69 : 475, 183 : c/. J.C.S. 1929, 883). 


2. ALCOHOLS, CnHfin-sOH 

The alcohols of the above general formula comprise (I) alcohols 
containing a triple bond and (II) alcohols containing two double bonds. 
The best known of the former class is propargyl alcohol ; numerous 
representatives of the latter have been prepared synthetically, and 
also occur naturally in various ethereal oils. 


I. Acetylene Alcohols 

Propargyl alcohol [Propinol-Z], CH : C-CHgOH, b.p. 114°, Dgo == 0*9716. — 
This alcohol was obtained by Henry in 1872 (Ber. 5, 569 ; 8 , 389) upon treating 
a-hromallyl alcohol (see p. 151) with potassium hydroxide. It is a mobile, 
agreeable-smelling liquid. Like acetylene, it forms an explosive ailver compound, 
C 3 H 2 (OH)Ag, white in colour. The copper salt (C 3 H 20 H) 2 Cu, is a yellow 
precipitate. 

Propargyicarbinol, CH • C OHa-CHaOH, b.p. 133-136°, is obtained from 
j3-bromo-d“-S-butenol (C. 1908, II. 32). Methyl- and etkylacetylenylcarhinolSt 
CH ; C*CHOH*R, b.pp. 108° and 125°, are obtained by the action of potassium 
hydroxide on the alcohols CHg : CBr*CHOH*R, obtained from a-bromoacrolein 
and the appropriate alkyl magnesium compound (C. 1911, I, 1578). 

Homologous acetylene alcohols result from the action of sodium compounds 
of the alkyl acetylenes on trioxyraethylene or other aldehydes (C. 1902, 1. 629) : 

RC ; CNa -f- R'-CHO = RC ; CCH(ONa)R'. 

The acetylene magnesium halides similarly react with aldehydes and ketones 
to form acetylenic alcohols (Bull. [3] 28, 922 : C. 1909, II. 182). 

Tertiary acetylene alcohols are obtained by the action of acetylene on 
the sodium derivative of the enolic forms of ketones (Merling, C. 1914, 11 . 1370 : 
Ber. 55, 2903 : Ann. 442, 72) ; 

CH3*C(0Na) : CHj + CH : CH >- CH3*C{ONa)Me'C ; CH. 


II. Diolefine Alcohols 

Higher alcohols contammg two double bonds are synthetically produced by 
the action of zinc and allyl iodide on esters of fatty acids (Ann. 197, 701. 
Diallylcarblnol, (CH, : CH<3EJ,CHOH. b.p. 1 S 1 °. ZHaOyhnethyl^nol, 
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(CHo : CH*CH.>) 2 , C(CH3)0H, b.p. 158°. Dmllj/kthylcarbinol, (CK., : 
C(CoH 5 )OH, b.p. 175°. Diallylpropylcarhinol, (CH., : CR-CH.).C{CIH,)0H, h,p. 
194° (C. 1901, 1. 997). 

Diolofin .0 alcohols, which can bo converted into terpeiies, are of great theo- 
retical interest ; such are geraniol or rhodinol, and linalool. They will be 
discussed under tlie olefinic terpene or terpenogen group (Vol. II). 

3. ALCOHOLS, CnHsn-sOH 

Alcohols containing throe double bonds have been obtained by the action 
of zinc and allyl iodide on halogen-fatty esters (C. 1909, I. 268). 

Triallylcarbinol, (CH.^ ; CH‘CH 2 ) 3 COH, b.p. 191°, from chloroformic ester, 
zinc and allyliodide. 





ALCOHOL DERIVATIVES 


1. SIMPLE AND MIXED ETHERS 


Ethers are the oxides of the alcohol radicals. If the alcohols are 
compared with basic hydroxides, then the ethers are analogous to the 
metallic oxides. They may be considered also as anhydrides of the 
alcohols, formed by the elimination of water from two molecules of 
alcohol : 


CoHg-OH 

CaHs-OH 


'-H20 = 




Ethers containing two similar alcohol radicals are termed simple 
ethers ; those with different radicals, mixed ethers : 


CaH5>^ CH3>^ 

Ethyl ether, or Methyl ethyl 

diethyl ether. ether. 

We must make a distinction between the above and the esters 
(formerly referred to as compound ethers), in which both an alcohol 
radical and an acid radical are present—e.pr. : 

Ethyl acetate ; and Ethyl nitrate. 


The properties of these substances are entirely different from those 
of the ethers, and in the following pages they will always be termed 
esters. 

The following are the more important methods of preparing the 
ethers : 

1. The chief method of formation consists of the interaction of 
sulphuric acid and alcohols. Alkyl hydrogen sulphates result at first, 
but on further heating with alcohols these are converted into ethers. 
This procedure affords a means of obtaining both simple and mixed 
ethers {WiUmfnsorii Chancel) : 

+ CjHs-OH = c * h ‘>0 + H^SOi. 

Ethyl hydrogen Diethyl 

sulphate. ether. 

+ CjHj-OH = + HaS 04 . 

Methyl hydrogen Methyl ethyl 

sulphate. ether. 

When a mixture of two alcohols reacts with sulphuric acid, three ethers 
9m simidtaneously formed ; two are simple and one is a mixed ether. Sub- 
sidiary reactions give rise to the production of sulphones and sulphonic acids 
(C» 1897, II. 340 ; 1899, II. 30). Other polybasio acids, such as phosphoric, 
arsemc, and boric, behave like sulphuric acid. This is also true of hydrochloric 

104 
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flwjid at 170®, and sulpho-acids-— c.f?. benzenesulphonic acid, at 145® {F, KraffL 
Ber, 26, 2829). In this reaction ethyl benzenesulphonate is produced and 
breaks down according to the equations : 


CgHsSOgH -}- CaHgOH = C^HaSOsCsHg + H^O. 

+ C,HgOH = C^KgSOgH + (C,hI),0. 


The dialkyl sulphates and methionates (Ann. 418, 200) are converted by 
alcohols into ethers much more quickly than the alkyl sulphuric acids (C. 1907,’, 
I, 702). 

Ethers generally can be obtained in good yield by passing the vapour of the 
alcohol over dried alum at 189-195® (Bull. Soe. Chim. [4] 25, 565 : 27, 121). 


2. The action of the alkyl halides on the sodium alcoholates in 
alcoholic solution produces mixed ethers. 


CaHs-ONa + 
CaHg-ONa + C3H7CI 


= CaHg-OCsHg + NaCl. 
= CaHg-OCaHy + NaCl. 


Consult Ber. 22, R. 381, 637, upon the velocity of these reactions. 

3. Halogen-substituted ethers yield homologous ethers on reaction 
with zinc or magnesium organic compounds, e.g, bromomethyl amyl 
ether (p. 221) and ethyl magnesium bromide yield amyl propyl ether 
(C. 1904, I. 1195) : 


CfiHiiOCHaBr BrMgCaHg = CgHnOCgH, + MgEr^. 

4. Action of the alkyl halides on metallic oxides, especially silver 
oxide : 

2CaH5l -h AgaO == (02H5)20 -f 2AgI 

This indicates the constitution of the ethers. 

Properties , — Ethers are neutral, volatile (hence the name aWi^Q^ 
air) bodies, nearly insoluble in water. The lowest members are gases ; 
the next higher are liquids, and the highest — e,g, cetyl ether — ^are 
solids. Their boiling points are very much lower than those of the 
corresponding alcohols (Ann. 243, 1). 

Beactions . — Ethers are very indifferent chemically, because all the 
hydrogen is attached to carbon. 

(1) When oxichzed they yield the same products as their alcohols. 

(2) They yield esters when heated with concentrated sulphuric 
acid. 

(3) Phosphorus pentachloride converts them into alkyl chlorides : 

CaHg-OCHa + PCI5 = CgHgCl + CH5CI + POCI3 

(4) The same occurs when they are heated with the halogen acids, 
especially with HI at 100° (C. 1897, II. 408 ; 1901 II. 679) : 

CjjHg-O-CHj 4- 2HI - C^Hgl + CH3I 4- H^O. 

In the cold the effect of the HI is to cause decomposition into 
alcohol and iodide, and in the case of mixed methyl alkyl ethers the 
production of methyl iodide and the higher alcohol predominates. If 
the alkyl group is a tertiary one, the i^eri.-alkyi iodide mainly is pro- 
duced ; but in other cases a mixture of the two possible iodides and 
alcohols results (Ber. 39, 2569). 

CgHg’O CHa 4- HI CH3I 4- C^HgOH. 

ZeisePs method for the estimation of methoxy- and ethoxy-groups 
in a compound depends upon this splitting' off of methyl or ethyl 
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iodide when such compounds are heated with concentrated hydriodio 
acid (see p. 11). 

(5) Many ethers, especially those containing secondary and tertiary, 
or unsaturated groups, are broken down into alcohols when heated 
with water or very dilute sulphuric acid at 150° (Ber. 10, 1903) ; 
e.g. vinyl ethyl ether decomposes into alcohol and aldehyde (Ber. 39, 
1410 footnote). 

(6) Ether combines with many substances to form addition com- 
pounds, as, for example, with magnesium or zinc iodide, magnesium 
alkyl halides (p. 230) producing bodies of the type 2R20-Mgl2, 
RaO-MgIR', etc. This is due to the formation of a tetravalent 
oxonium oxygen atom (Baeyer and VilligeTi Ber. 34, 2688), 

With benzoyl chloride (Vol. II) the ether magnesium iodide breaks 
up into ethyl iodide, ethyl benzoate and MgCla (C. 1905, I. 1082 : 
Ber. 38, 3665) : 

2(C2H5)20-Mgl2 + 2 C 6 H 5 COCI = 2 C 2 HSI + 2C6H5CO-OC2H5 + MgCl,. 


A. ETHERS OF THE SATURATED ALCOHOLS 


Methyl ether, (CH3)20, is prepared by heating methyl alcohol with sulphuric 
acid (Ber. 7, 699). It is an agreeable-smelling gas, which may bo condensed to a 
liquid at about — 23®, Water dissolves 37 volumes and sulphuric acid upwards 
of 600 volumes of the gas. 

Chlorine converts methyl other into chloromethyl ether, ^yw.-dichloromethyl 
ether, and perchloromethyl other which partially decoxn^poses on boiling. The 
first two, together with the corresponding bromo- and iodo -compounds, will be 
treated later as derivatives of formaldehyde. 


Ethyl ether or Ether, (C2H5)20, is by far the most important 
representative of this class of compounds. It has been known for 
a long time. 


History . — Ethyl ether and its production from alcohol and sulphuric acid 
wore kuowji and described by Valerius Cordus, a German physician, in the six- 
teenth century. Until the beginning of the last century ether was regarded 
as a sulphur-containing body ; hence, to distinguish it from other ethereal com- 
pounds, it was called aulphnrw ef/ier. The ether process, in which a comparatively 
small quantity of sulphuric acid was capable of converting a large quantity 
of alcohol into ether, was included in the category of catalytic reactions. The 
explanation of this process constitutes one of the most important advances in 
organic chemistry. 

In 1842, Qerhardtf from purely theoretical reasons and in opposition to Liebig ^ 
concluded that the ether molecule did not contain the same number of carbon 
atoms as were present in the alcohol molecule, but twice that number. He 
was unable to gain general acceptance for this view. Williamsoii, in 1850, 
by a new s^mthesis of etber, proved the correctness of Gerhardt’s conception, 
not only for it, but for ethers in general ; ho caused reaction to take place between 
sodium ethoxide and ethyl iodide (p. 164). The formation of other from alcohol 
and sulphuric acid Williamson explained by a continuous breaking-down and 
re-formation of ethyl sulphuric acid, made possible by the contact of alcohol 
with the acid at 140® (Ann. 77, 37 ; 81, 73). 

Chamdr whom Williamson preceded in publication, had made ether inde- 
pendently, by heating a mixture of potassium ethyl sulphate and potassium 
ethoxide ; 


+ o| 


C,H 

K 


‘ = SO.|| + 0- 


C,H. 


The objection that ether, because of its low boiling temperature, could not 
contain the double number of carbon atoms in its molecule, Chancel removed 
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by citing the boiling point of ethyl acetate (Laurent and Gerhardt Compt. rend., 
1850, 6, 369). 


Ethyl alcohol 
Ether , . 

Acetic acid . 
Ethyl acetate 


C,HsOH . . 

(C.H5),0. . 
CHgCOaH . 


. b.p. 78^ 
. b.p. 35°. 
. b.p. 118°. 
. b.p. 77°. 


Preparation, — Ether is made (1) from ethyl alcohol and sulphuric 
acid heated to 140®. The process is continuous. (2) From benzene- 
sulphonic acid and alcohol at 135-145® (Ber. 26, 2829). 


The advantage in the second method is that the ether is not contaminated 
with sulphur dioxide, which in the first method has to be removed from the 
crude product by washing with a soda solution. Anhydrous ether may be 
obtained by distilling ordinary ether over quick-lime, and drying it finally with 
sodium until there is no further evolution of hydrogen. 

Test for Water and Alcohol, — ^When ether containing water is shaken with an 
equal volume of CSg, a turbidity results. When alcohol is present, the ether, 
on shaking with aniline violet, is coloured ; anhydrous ether does not acquire 
a colour when similarly treated. 


Properties, — Ethyl ether is a mobile liquid with a characteristic 
odour. It boils at 34*5® and melts at — 113®, DJ® 0-71994. It dis- 
solves in 10 parts of water and is miscible with alcohol. Many carbon 
compounds insoluble in water, such as the fats and resins, are soluble 
in ether. It is extremely inflammable, burning with a luminous flame. 
Its vapour forms a very explosive mixture with air. When inhaled, 
ether vapour brings about unconsciousness, a property discovered in 
1842 by Charles Jackson, of Boston, and has been used in surgery 
since Mortcm's employment of it in 1846. Hoffmann’s Anodyne, 
Spiritus MtJiereus (so named after the great Halle clinician, who ^ed 
in 1742) is a mixture of 3 parts alcohol and 1 part ether. 

Ether unites with bromine to form peculiar, crystalline addition 
products somewhat like the so-called bromine hydrate ; it combines, 
too, with water, metallic salts, hydroferrocyanic acid, etc. (see above, 
p. 156). 

Vinyl alcohol (q,v,) and hydrogen peroxide are produced in small 
quantity by the action of air on moist ether. By the slow com- 
bustion of ether, formaldehyde peroxide HOCHgO-OCHaOH is pro- 
duced (Ber. 29, R, 840 ; c/. Ber. 38, 1409). When ozone is passed 
into anhydrous ether an explosive peroxide is formed. With water 
and sulphuric acid at 180®, ether is broken down again to ethyl alcohol. 

Halogen derivatives of ethyl ether. — Chlorine acts on cooled ether to produce 
the following substitution products; (Ann. 279, 301): 

Monochloroether, CHg-CHChO *02115, b.p. 98°. 

afi-Dichloroether, CHoCl-CHCl-O-CgHg, b.p. U5°. 

Trichloroether, (CHCh-CHChO-CaHs, b.p. 170-175° (C. 1904, I. 920). 

Perchloroether, (02015)20, m.p. 68°. 

The last of these, perchloroether, breaks down on distillation into hexachloro- 
ethane and trichloroacetyl chloride. 

The a-halogen derivatives of the general type CHsCHX*0 *02115 are described 
later, with the aldehyde alcoholates, and the ]5-derivatives CH2X*0Ha‘O*C2H5 
are the ethers of the glycol halogenohydrins. 
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Homologous ethers. 

The following table contains the melting and boiling points of the better- 


known simple and mixed ethers : 


Methyl ethyl ether . . b.p. 11® 

Methyl tevt. ‘butyl ether b.p. 54® 
TX’Propyl ether . . . b.p. 90® 

Ethyl tevt.-butyl ether . b.p, 70® 
ho Amyl ether . . . b.p. 160® 


Methyl n-propyl ether . . b.p. 37® 

Methyl hopropyl ether . , b.p. 32° 

hoPropyl ether .... b.p. 70° 
hoPropyl tevt.-hutyl ether . b.p. 75° 
Cetyl ei/ier(CieH 33 ) 20 ,m.p. 65 °b.p. 300° 


The majority of these ethers are produced by the interaction of alkyl halides 
and sodium alcoholates (C. 1903, 1. 119 : 1904, 1. 1065) ; w-propyl ether is formed 
from propyl alcohol and ferric chloride, at 145-155° (C. 1904, II. 18). Methyl 
tevt.-amyl etheVy (OH3)2C(OCH3)-CH2CH3, b.p. 86°, is prepared from trimethyl 
ethylene by heating it with methyl alcohol and iodomethane (C. 1907, I. 1125). 


B. ETHERS OF UNSATURATED ALCOHOLS 

It was explained, wdien discussing the tmsaturated alcohols (p. 150), that the 
members of that series in which hydroxyl was combined with a doubly linked 
carbon atom readily rearranged themselves into aldehydes or ketones, and were 
only known in their derivatives, especially as ethers. Thus : 

Vinyl ether y (CH2=CH)20, b.p. 39°, may be obtained from vinyl sulphide 
(p. 173) and silver oxide. Perchlorovinyl ether, Ghloroxethose (CCl2=CCl)20, 
is formed from perehloroethyl ether (above) and KgS. Vinyl ethyl ether, b.p. 
35*5°, results from the interaction of iodoethyl ether and sodium ethoxide ; 
also f’om acetal by PgOg and quinoline (Ber. 31, 1021). It has been obtained 
recently by passing acetylene into a mixture of alcohol and sulphuric acid at 0® 
{C. 1921, II. 645). 

a^-Dichlorovinyl ethyl ether, CHCl ; CChOEt, b.p. 128®, from trichloroethylene 
and sodium ethylate, yields, when' heated with water containing some HCl, ethyl 
chloroacetate (J.C.S. 117, 691) : the products obtained by the addition of 
hydrogen chloride or chlorine to this ether break down on distillation into chloro- 
acetyl and dichloroacetyl chlorides respectively (Chem. Ztg. 35 , 1053). j3]8- 
Pichlorovinyl ethyl ether, CClg : CH-OEt, b.p. 145°, from tetrachloroethyl ether 
(p. 244) and zinc, passes by uptake of oxygen into ethoxychloroacetyl chloride, 
EtOCHCl'COCl (J.A.C.S. 31, 412, 596). Dibromovinyl ethyl ether, b.p. 169®, is 
oxidized by nitric acid to dibromoacetie ester (Ann. 298 , 334 : Ber. 46 , 143). 
imPropenyl ethyl ether, CH8C(OC2H5)=CH2, b.p. 62-63®, is formed from pro- 
penyl bromide and alcoholic potassium hydroxide, and from ethoxycrotonic acid 
(Ber. 29 , 1005). The homologues of jS-alkoxyacrylic acid also easily part with 
COg and yield the homologous alkoxyethylenes, RC*(OC2H5) ; CHR' ; these all 
yield ketones and alcohols when hydrolysed with dilute acids (C. 1904, I. 719 : 
Ber. 39, 1410 footnote). 

Allyl ether, (CH2=CH-CH2)20, b.p. 85® ; Ethyl A^‘‘hutenyl ether, CHg : CH- 
CH*-CH2-OEt, b.p. 90° (Compt. rend. 150, 1056). 

Propargyl ethyl ether, CHsCUHg-O-CHg'CHa, b.p. 80®. 


ALKYL HYDROGEN AND DIALKYL PEROXIDES 


The alkyl hydrogen peroxides and the dialkyl peroxides stand in the same 
relation to hydrogen peroxide, as the monohydric alcohols and the ethers do to 
water : 


HO CgHgO CgHgO 


HO HO CgHgO 

Hydrogen Ethyl hydrogen Diethyl 

peroxide, peroxide. peroxide. 


Ethyl hydrogen peroxide and diethyl peroxide are the only members which 
have been closely studied. Tliey result from the interaction of diethyl sulphate 
and a 12 per cent, solution of hydrogen peroxide, and the subsequent slow addi- 
tion of potassium hydroxide solution during continuous shaking. An excess of 
hydrogen peroxide favours the production of ethyl hydrogen peroxide (Baever 
and VUUger, Ber. 34, 738). 

Ethyl hydrogmi peroxMe, CgHgO'OH, is a colourless liquid, which can be dis- 
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tilled without decomposition, between 26° and 47° at 100 mm. pressure. It is 
miscible with water, alcohol, and ether, and can be separated out from its aqueous 
solution by the addition of ammonium sulphate and potassium carbonate. Its 
odour is that of bleaching powder and acetaldehyde together, A drop of the con? 
centrated solution on the skin causes inflammation. When rapidly heated, it 
detonates, and a strong explosion occurs when it is brought into contact with 
very flnely divided silver. Acyl derivatives of hydrogen peroxide result from 
interaction with carboxylic anhydrides. Tertiary bases are oxidized to amine 
oxides by ethyl hydroperoxide. 

Barium salt, (C2H500)2Ba + SHgO, is formed by dissolving barium hydroxide 
in an aqueous solution of ethyl hydrogen peroxide. It crystallizes as a leafy 
mass. 

Diethyl peroxide, CHjCHg-O-O’CHaCHa, b.p. 66°, Dj® = 0*8273. It is slightly 
soluble in water, but soluble in alcohol and ether. On contact with a thermometer 
heated to 250° it bums rapidly but without noise. If the liquid, in a COg atmo- 
sphere, is approached by a heated copper wire which is then removed, it disappears 
very quickly without generation of light or boiling ; this phenomenon is looked on 
as being a slow explosion. The products of combustion consist of formaldehyde 
and CO, together with some ethane. 


2. ESTERS OF THE MINERAL ACIDS 


If we compare the alcohols with the metallic bases, the esters or 
compound ethers (p. 154) are perfectly analogous in constitution to 
the salts. Just as salts result from the union of metallic hydroxides 
with acids, so esters are formed by the combination of alcohols with 
acids, water being formed in both reactions : 

NaOH + HCl = NaCl + H^O. 

C2H5OH + HCl == C2H5CI -f H2O. 

The haloid esters correspond to the haloid salts ; they may also be 
regarded as monohalogen substitution products of the hydrocarbons 
(p. 120). Corresponding with the oxygen salts are the esters of other 
acids, which, therefore, may be viewed as derivatives of the alcohols, 
in which the alcohol-hydrogen has been replaced by acid radicals, or as 
derivatives of the acids, in which the hydrogen replaceable by metals 
has been substituted by alcohol radicals. The haloid esters are in- 
cluded in the last definition of esters. 

In polybasic acids aU the hydrogen atoms can be replaced by 
alcoholic radicals, -whereby neutral esters are produced. When all 
the hydrogen atoms are not replaced by alcoholic radicals, alkyl 
hydrogen esters are formed, which still possess the acid character. 
They form salts, hence are termed ester acids, and correspond with 
acid salts : 


Potassium sulphate. 


fe«2<.O.C2H6 

Ethyl sulphate. 


Potassium hydrogen 
sulphate. 

SO 


Ethyl hydrogen 
sulphate. 


Dibasic acids thus form two series of salts and esters, whilst with 
trihasic acids there are three series of salts and esters. 

In the case of the polyhydric alcohols there are, besides the neutral 
esters, also basic esters, corresponding with the basic salts, in which 
not all of the hydroxyl groups are esterified. 
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Formation of Esters. — (1) The esters can be prepared by direct 
combination of alcohols and acids, when water is also produced : 

Alcohol + Acid ^ ^ Ester -f- Water. 

This reaction is the classical example for the study of the Law 
of Mass Action. The change is never completed in the direction 
left — right, but an equilibrium is reached, characteristic for each 
alcohol-acid mixture, and the same equilibrium is attained no matter 
whether we start with an equivalent mixture of alcohol and acid or 
with one of ester and water. If one of the products can be removed 
from the reacting mixture, then the change can go on to completion 
(see p. 310). 

When acted on by alcohols, the polybasic acids mostly yield the 
alkyl hydrogen esters. 

(2) By reacting on the silver or alkali salts of the acids with 
alkyl halides : 

NOa-O-Ag -f C 2 H 5 I = NOg-O-CaHs + Agl. 

(3) By acting on the alcohols or metallic alcoholates with acid 
chlorides : 

2C,H5-0H + SOaClj = H- 2HC1. 

SCjHj-OH + BClj = B(0-CjHs)s + 3HC1. 

Properties. — ^The neutral esters are insoluble, or soluble with diffi- 
culty in water, and almost all are volatile ; therefore the determina- 
tion of their vapour density is a convenient means of establishing the 
molecular magnitude and also the basicity of the acids. The ester 
acids are not volatile, but are soluble in water and yield salts with 
the bases. 

All esters, and especially the ester-acids, are decomposed into 
alcohols and acids (p. 130) when heated with water. Sodium and 
potassium hydroxides, ia aqueous or alcoholic solution, accomplish 
this with great readiness when heated. This process is termed saponi- 
fication because the soaps — i.e. the potassium and sodium salts of the 
higher fatty acids {q.v .) — are obtained by this reaction from the fats, 
the glycerol esters : 

NOa-O CaHs -h KOH - + NO^OK. 

A more general term for this process is hydrolysis. 

A. I. ALKYL ESTERS OF THE HALOGEN ACIDS, ALKYL 

HALIDES 

It was pointed out under the halogen substitution products of the 
paraffins and the unsaturated acyclic hydrocarbons that the mono- 
substitution products, or alhyl halides, were mostly prepared from 
the alcohols. As haloid esters of the alcohols they are discussed 
with the alkyl esters of the inorganic oxygen acids. 

The view that the halogen, derivatives CrtHan+^X are paraffin substitution 
products is expressed in the names chlorornethane, chloroethane, etc., whilst 
the designation methyl chloride, ethyl chloride, etc., for the monohalogen sub- 
stitution derivatives of methane and ethane, mark these substances as haloid 
asters of the alcohols, corresponding with the metallic halides. 

Fortrmtion and Preparation^ — (1) By the substitution of the paraffins. 
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The conditions favouring the substitution of the hydrogen atoms of 
the paraffins by halogen atoms have been mentioned under the general 
methods for the preparation of halogen substitution products. The 
substitution reaction is not well adapted for the preparation of alkylo- 
gens, because mixtures of compounds are invariably produced, and 
among the higher members of the series isomers are formed. This 
is because the chlorine replaces the hydrogen both of terminal and 
intermediate carbon atoms (Ber. 39, 2153). Thus normal pentane, 

CHa-CHjj'CHa-CHa-CHg yields CHg-CH^-CHCl-CHa-CHa and 

CHg-CH^-CH^-CHCi-CHa, 

CH3OH2CH2CH2CH2CI, 

and such mixtures are separated with great difficulty. 

(2) By the addition of halogen acids to the olefines. — ^In this addition, 
which occurs with especial ease with hydriodic acid, the halogen atom, 
in general, attaches itseK to the carbon atom carrjnng the least 
number of hydrogen atoms (p. 106) : 

CHg-CH^CHa CHs-CHI-CHg. 

In the case of propylene and hydriodic acid, some n-^ropyl iodide 
is also formed (Michuel, Ber. 39, 2138). 

(3) From alcohols (a) by the auction of halogen acids. — ^This reaction 
does not take place to completion unless the halogen acid is present 
in great excess, or the water formed simultaneously with the alkyl 
hahde is removed by a dehydrating agent such as sulphuric acid or 
zinc chloride. The addition of dehydrating agents is not entirely 
safe with higher alcohols, as olefines are formed in the reaction, and 
combine with the halogen acid to give a halogen derivative isomeric 
with that expected. Tertiary alcohols are reacfily converted into their 
chlorides by hydrochloric acid. 

In the case of hydriodic acid, the reducing character of the reagent 
has to be considered. If this acid is present in excess the products 
from various polyhydric alcohols are alkyl iodides (usually 5 ec.-alkyl 
iodides), e.g . : 

CaH4(OH)2+ 3HI=-C2H6l + I 2 + 2 H 2 O. 

C8H6(0H)3+ 5 HI = C3H,I +2l2 + 3 HaO, 

C4He{OH)4+ 7 HI = C4H2l + m^O. 

-f llHI = CeHjsI + 51 ^ + SHgO. 

( 6 ) By the action of phosphorus halides. — ^If, for example, ethyl 
alcohol be treated with PCI 3 , PBrs, or PI 3 , two possibilities arise : 
either a halogen acid and ethyl ester of phosphorous acid are produced, 
or an ethyl halide and phosphorous acid. The latter reaction occurs 
when PBrg and PI 3 are used, and this method is adopted almost 
exclusively in the preparation of the alkyl bromides and iodides (see 
ethyl bromide and ethyl iodide) : 

PBrs + SCgHgOH = SCsH^Br + H3PO3, 

PI3+ 3C2H5OH = 3O2H5I + HaPOs. 

(BI 3 acts analogously on ethyl alcohol, Ber. 24, R. 387.) The for- 
mation of esters of phosphorous acid by the use of PBrj and PI 3 is 
far from satisfactory. PCI 3 , on the other hand, yields phosphorous 

VOL. I. M 
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esters and hydrochloric acid almost entirely according to the equation 
(C. 1905, II. 1664 ; see p. 170) : 

PCia -f 3C2H5OH ^ P( 0 H){ 0 C 2 H 5)2 + C2H5CI + HCl. 

The chlorides are readily formed if PCI5 he substituted for PCis : 

PCI5 + C2H5OH = C2H5CI + HCl + POCI3. 

(c) By the action of thionyl chloride or thionyl bromide, in the presence 
of tertiary bases such as p3n’idine or dimethylaniline (Compt. rend. 
152, 1314) : 

C5H11OH + SOCI2 + C5H5N ^ CsHuCl + SO2 + C^HsN-HCl. 

(4) Frcm alkyl sulphates and alkylsulphuric acids and metallic 
halides. — ^Thus ethyl bromide is obtained from ethylsulphuric acid 
and potassium bromide, or more simply from a mixture of ethyl 
alcohol, sulphuric acid and potassium bromide. Similarly, methyl 
and ethyl sulphates react with alkali iodides in aqueous solution to 
yield the corresponding alkyl iodide. 

(5) From amines. — The corresponding primary and secondary 
amines can be converted into alkyl halides by treating their benzoyl 
derivatives with phosphorus pentachloride or pentabromide, and dis- 
tilling the benzamido- or benzimido-halide so formed (Ber. 44, 1464) : 

> CeHsCO-NHE CeHgCCl j NR > CeHsCN + RCl. 

(6) Interconversion of alkyl halides. — (a) Bromides and iodides can 
be transformed into chlorides by heating them with HgClg : 

2C3H7I + HgClj = SCsHyCl + Hgla. 

{b) When chlorides are heated with AlBr^ or AII3 or Cal^ they 
become converted into bromides or iodides (Ber. 14, 1709 : 16 , 392 : 
19. R. 166) : 

3C2H5CI + AlBrg = SCaHgBr + AICI3. 

(c), Methyl and ethyl iodides yield with AgF the gaseous com- 
pounds methyl fluoride, CH3F, and ethyl fluoride, CgHgF, which have 
an agreeable, ethereal odour, and do not attack glass (Ber, 22, R. 267). 

( 5 ) Chlorides and bromides are partly converted into iodides by 
heating with sodium iodide in acetone solution (Ber. 43, 1628), 

(e) Alkyl iodides are obtained from magnesium alkyl chlorides or 
bromides by the action of iodine (C. 1903, I. 318) : 

R-MgCl + I2 ^ R-I + MgClI. 

Isomerism. — ^Propane is the first hydrocarbon capable of yielding 
isomers (p. 35). The isomerism depends on the varying position 
of the hydrogen atoms in the same carbon chain, and from butane 
forward it also depends on the different linkage of the carbon atoms 
forming the carbon skeleton (see table, p. 163). 

Properties and Beactiom. — ^The alkyl halides are ethereal, agree- 
able, sweet-smellii^ liquids. They are scarcely soluble in water, but 
dissolve with ease in alcohol and ether. The lower members are gases 
at the ordina^ temperature— e.^f. methyl chloride, ethyl chloride, and 
methyl bromide. The chlorides boil 2^20° lower than the bromides, 
and the latter from 34-28° lower than the corresponding iodides 
(p. 163). The differences grow less with increasing molecular weight. 
Aa in the case of the paraffbss, here also, where isomers exist, the 
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normal members have the highest boiling points ; the more branched 
the carbon chain, the lower will the boiling point lie. 

The alkyl halides differ from the metallic halides, to which in 
some ways they may be compared, in having the halogen linked by 
a covalency and not an electrovalency (see p. 30) and therefore do 
not react instantaneously with silver nitrate like the metallic halides. 
Of the alkyl halides, the iodides are the most reactive. The principal 
use of the alkyl halides is to introduce alkyl groups into organic 
molecules, generally by allowing them to act on metallic derivatives, 
when the metal is replaced by the alkyl group. 

The reactions are of two main types, (1) where the entering alkyl 
group becomes directly attached to a carbon atom and thereby the 
carbon nucleus of the compound is altered and (2) where the alkyl 
group becomes attached to some element other than carbon. 

Examples of type (1) are given by the reaction which takes place 
between an alkyl halide and the sodium derivative of malonic ester 
(q.v,) : 

R-I + CHNa(C02Et)a ^ Nal + CHR(C02Et)2 

and of type (2) in the reactions by which mercaptans and amines 
are formed : 

R-Br -h KSH R-SH + KBr 

Mercaptan, 

R-Cl + NHg R-NHa, HCl. 

They react under appropriate conditions with certain metals, such 
as zinc and magnesium with the formation of organometallic com- 
pounds (see p. 219) : with the alkali metals, halogen is removed, and 
two alkyl groups join together to produce a hydrocarbon (see p. 96). 


The following table gives the boiling points of the more important alkyl 
halides at atmospheric pressure : 


lladical. 

Foniuila. 

Methyl 

CHs- 

Ethyl 

^2^5* 

w-Propyl 

CHa-CH^-CHs* 

woPropyl 

(CH3)2CH- 

n-Butyl 


i^oButyl 

(CH3)2*CH*CH.,' 

aec. -Butyl 

C2H3-CH(CH3)- 

tert.-Butyl 

(CH,)3C- 

w-Amyl 

CH,-(CH3)3- 

«>oAinyl 

(CHjjjCH-CHj-CHj 

Diethylcarbinyl . . , . 

(C3H3)3CH- 

Methylpropylcarbinyl . 

CsH,'CH(CHs)- 

Methylisopropyloarbinyl . 


Dimethyl^hylcarbinyl . 

C3H3-C(CH,)3- 

w-Hexyl 

CH,(CH3)3- 

n-Heptyl 

CH,-(CH3),- 

n-Octyl 


Cetyl 


Myiicyl ...... 



CiUorhic 

Bromide 

Iodide 

b.p. 

b.p. 

b.p. 

- 24^= 

+ 4-a° 

43® 

-j- 12*5'^ 

38° 

72° 

44° 

71° 

102® 

36-5° 

38-9° 

89*5® 

77-5° ' 

100-4° 

129-6° 

C8-5° 

92° 

120® 

— 

^ 

120® 

51-5'’ 

74® 

103-3° 

10C° 

129® 

155® 

100® 

120® 1 

148® 

— 

— 1 

145® 

104° ' 

113® ! 

144“ 

91® 

115® , 

138® 

86® 

100® ' 

127® 

133® . 

155® 

179® 

159® . 

178® 

203® 

180® 

199® ^ 

225° 

in,p. 

m.p. 

m.p. 

22® 


15® 

64° 1 

— 

70° 


1 
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Methyl fluoride, FViLorormthane, GHsF, b.p. — 78°, is obtained according 
to method 6(c) (p. 162) or by heating tetramethylammonium fluoride (C. 1904, 
11. 1281), 

Methyl chloride, Cliloromethane, CHgCi, m.p. — 103° (Ber. 33, 638), is 
obtained from methane or methyl alcohol. It is a sweet -smelling gas. Alcohol 
will dissolve 35 volumes of it, and water 4 volumes. 

It is prepared by heating a mixture of 1 part methyl alcohol (wood spirit), 
2 parts sodium chloride, and 3 parts sulphuric acid. A better plan is to conduct 
HCl into boiling methyl alcohol in the presence of zinc chloride ( J part). The 
disengaged gas is washed with KOH, and dried by means of sulphuric acid. Com- 
mercial methyl chloride is obtained by heating trimethylamine hydrochloride, 
N(CH3)3*HC1, and is usually supplied in a compressed condition. It was formerly 
employed in the manufacture of the aniline dyes, and in producing cold. 

Ethyl chloride, Ckloroeihane, CaHgCljb.p. 12-6°, Bo == 0*921. It is prepared 
from ethyl alcohol in the same manner that methyl chloride is obtained from 
its alcohol. Its formation from “ ethyl hydride or dimethyl by means of 
chlorine is important from a theoretical standpoint. 

It is an ethereal liquid, miscible with alcohol, and but sparingly soluble in 
water: it is used as an ansesthetio. 

If heated with water at 100° in a sealed tube, it changes to ethyl alcohol, a 
conversion which is accelerated by potassium hydroxide. In diffused sunlight, 
chlorine acts upon it to form ethylidene chloride, CH8*CHCl2, and other sub- 
stitution products. Chlorine, in the presence of iron, converts chloroethane into 
ethylene chloride. 

Methyl bromide, Bromormthaney GHsBrjb.p. + 4*5°, Bo 1*73 (Ber. 38, 1865). 

Ethyl bromide, Bromoethane^ CgHsBr, b.p. 39° ; =* 1*47. It is pre- 

pared from potassium bromide and ethyl sulphuric acid (p. 168). It is used as a 
narcotic. 

Propyl bromide, cc-Bromopropane, CgHyBr, b.p. 71° ; Bg© = 1*3520, is pre- 
pared from the normal alcohol (C. 1906, 11. 1042). 

i^oPropyl bromide, p-Bromopropane, b.p. 59*6° ,* Bgo ~ 1*3097, is 

obtained from its corresponding alcohol. It is most conveniently prepared by 
the action of bromine on wopropyl iodide (Ber. 15 , 1904). On boiling with 
aluminium bromide, or by heating to 250°, normal propyl bromide is partially 
converted into isopropyl bromide (Ber. 16 , 391). Similarly, i^obutyl bromide, 
MejCH'CHgBr, imdergoes partial change on heating with formation of ieri. -butyl 
bromide, McgCBr-CHs • “this reaction is reversible, and the tertiary bromide at 
240° is converted to the extent of 25% into the primary bromide. The obvious 
interpretation of these changes is to presume a primary decomposition of the 
bromide into hydrogen bromide and an olefine, with subsequent recombination 
according to the general rule ; the change takes place, however, at a temperature 
at which no such dissociation is observed (Ann. 379, 263 : 393, 81) and the 
assumption that the change is a real intramolecular reaction is supported by 
the change of chloro- and bromo-tetramethylmethane on distillation into the 
<eri.-amyl halide, with migration of a methyl group, 

(CH3)3C*CH2Br (CH8)2CBr*CH2CH3* 

(Ann. Chim. Phys. [6] 29, 359: [8] 21, 341). 

On exposuie to the air the iodides soon become discolom*ed by liberation 
of iodine. The iodides of the secondary and tertiary alcohols are easily converted 
by heat into alkylenes, C,jH2n, aud HI. Consult Ann. 243, 30, upon the specific 
volumes of the iodo-alkyls. 

Methyl iodide, lodomethane, CH3I, b.p. 43° ; Bq == 2*19, is prepared from 
methyl alcohol, iodine, and phosphorus, or from dimethyl siflphate and potas- 
sium iodide in ^ueous solution (C. 1906, II. 1589). It is a heavy, sweet-smelling 
liquid, and unites with HgO to form a crystalline hydrate, 2CH3I + HgO, and 
with methyl alcohol to form a compound, 3CH3I CH3OH, b.p. 40°, without 
decomposition (C. 1901, II. 179). 

At low temperatures the alkyl iodides take up chlorine, forming extremely 
easily decomposable iodochlorides : 

Methyl iodochloride, CHsIClg, m.p. — 28°, consists of yellow crystals. It 
decomposes into iodine chloride and ehloromethane (Ber. 38, 2842). 

Ethyl iodide, lodmMne, C2H5I, m.p. - 113°, b.p. 72°, Bg == 1*975, was 
discovered by Gay-Bussac in 1815* It is prepared from alcohol, iodine and 
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phosphorus ; or from diethyl sulphate with potassium iodide solution (0. 1906, 
II. 1689). It is a colourless, strongly refracting liquid. 

Propyl iodide, C3H7I, b.p. 102^^, D20 1‘7427, from propyl alcohol. 

isopropyl iodide, CaHvI, b.p. 89*6°, Bgo ~ 1*7033, is prepared from tfiopropyl 
alcohol, propylene glycol, C3H3(OH)2, or from propylene, and, most conveniently, 
by distilling a mixture of glycerol, amorphous phosphorus, and iodine (Ann, 
138, 364) : 

C3H^(0H)8 + SHI = CgH,! + 2I3 + 3H2O. 

Here allyl iodide, CH2”CH — CH2I, is first produced (see below), which is 
further changed to propylene, CHg^CH — ^CHa, and isopropyl iodide. 

Amyl halides, see Ann, 385, 274. 

II, HALOGEN ESTERS OF THE UNSATURATED ALCOHOLS 

The most important unsaturated halides are the allyl halides and the 
propargyl halides. The former are prepared from allyl alcohol by methods 
similar to those employed for the preparation of the corresponding compounds 
from ethyl alcohol. They are isomeric with the jS- and a-halogeno-propylenes 
(p. 124), from which they are distinguished by their adaptability for double 
decompositions : 

' Formula. Boilinj? Point. Sp. Gravity. 

Allyl fluoride .... I CHg^CH-CHgF - 10° ... 

Allyl chloride . . . . ‘ CHa^CH-CHaCl 46° 0*9379 (20'’) 

Allyl bromide . . . . ' CHa^CH-CHaBr 71° 1*461 (0°) 

Allyl iodide ‘ CHa^CH-CHsI 101° , 1*789 (16°) 

The allyl halides are liquids with leek-like odour. Allyl chloride, heated to 

100° with HCl, yields propylene chloride, CHaCHChCHjCl. Allyl bromide, heated 
to 100° with HBr, passes into trimethylene bromide, CHaBr'CHg'CHgBr. The 
addition of halogens produces glycerol trihaloid esters. 

Allyl iodide. — ^This is readily prepared from glycerol by the action of HI, 
or iodine and phosphorus. It may he supposed that at &st CHgl’CHI’CHgl 
forms, but is subsequently decomposed into allyl iodide and iodine. (Prepara- 
tion : Ann, 185, 191 : 226, 206.) With excess of HI or phosphorus iodide, 
allyl iodide is further converted into propylene and wopropyl iodide (see above). 

By continued shaking of allyl iodide in alcoholic solution with mercury, 
CgHsHgl separates in colourless leaflets (see mercury ethyl). Iodine liberates 
pure allyl iodide from this : 

CaHsHgl + I2 - CsHsI + Hgl^. 

Alcoholic potassium hydroxide converts allyl iodide into allyl ethyl ether. 
With potassium sulphide it yields allyl sulphide (p. 173) ; with potassium thio- 
cyanate, allyl thiocyanate, which passes readily into allyl mustard oil (ff.v.). Allyl 
iodide has also been used in the synthesis of unsaturated alcohols. 


! 

Name. 1 

Formula. 

Boiling 

Point. 

Sp. (iravity. 

i 

Propargyl chloride (Ber. 8, 398) 

CHsC-CHaCl 

65° 

1-0454 

(5") 

Propargyl bromide (Ber. 7, 761) 

CH«C*CH2Br 

89° 

. 1*5200 (20°) 

Propargyl iodide (Ber. 17, 1132) 

CHsCCHgl 

115° 

2*0177 

(0°) 


Propargyl chloride is produced when phosphorus trichloride acts on propargyl 
alcohol. 

B. ESTERS OF NITRIC ACID 

These are prepared by the interaction of alcohols and nitric acid 
(0. 1903, II. 338). Nitrons acid is always produced, as a consequence 
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of secondary reactions oxidizing and may be destroyed by the 
addition of urea : 

CO{NH2)a + 2 HNO 2 == CO 2 4- 2Na + 

When much nitrous acid is present, it induces the decomposition 
of the nitric acid ester, and causes explosions. 

Methyl nitrate, b.p. 60° ; D^o = 1*182. When struck or heated to 150° 
it explodes very violently. 

Ethyl nitrate, CgHg-O-NOa, b.p. 86° ; Dig = 1 •112, is a colourless, pleasant- 
smelling liquid. It is almost insoluble in water, and bums with a white light. 
It will explode if suddenly exposed to a high temperature. Heated with am- 
monia, it passes into ethylamine nitrate. Tin and hydrochloric acid convert 
it into hydroxylamine. 

By the action of hydroxylamine on ethyl nitrate in the presence of sodium 
ethoxide, the sodium salt of nitrohydroxamic acid is obtained. (Angeli) 

EtONOa -f NHaOH ^ EtOH -1- HOON ; NOH. 

Ethyl nitrate is much used for the purpose of introducing nitro groups into 
compounds containing a reactive methylene group. 

Propyl nitrate, CgHyO-NOa (Ber. 14, 421), b.p. 110° ; isopropyl nitrate^ b.p. 
101-102° ; isohuiyl nitrate, b.p. 123° ; isoamyl nitrate, b.p. 148° ; n-octyl nitratCi 
b.p. 110°/20mm. ; myristyl nitrate, b.p. 175-180°/12 mm. 


C. ESTERS OF NITROUS ACID 

These are isomeric with the nitre-paraffins. The group NO 2 is 
present in both ; whilst, however, in the nitro-compounds nitrogen 
is combined with carbon, in the esters the union is effected by oxygen : 

CaHg-NOa CgHg-O-NO. 

Xitro-ethane. Ethyl nitrite. 

The nitrous esters, as might be inferred from their different struc- 
ture, decompose into alcohols and nitrous acid when acted on by 
alkalis. Similar treatment will not decompose the nitro-compounds. 
Nascent hydrogen (tin and hydrochloric acid) converts the latter into 
amines, whilst the esters are hydrolysed. 

Esters of nitrous acid are produced in (1) the action of nitrous acid on the 
alcohols in dilute aqueous solution (Ber. 34, 755) ; (2) by the action of alkyl 
iodides on silver nitrite (Ber. 25, R. 571) nitro -paraffins of much higher boiling 
point being simultaneously produced, (3) by the introduction of nitrosyl chloride 
into a pyridine solution of the alcohol (C. 1903, II. 339). 

Methyl nitrite, CHg-O-NO, b.p. - 12°. 

Ethyl nitrite, CaHg’O'HO, b.p. 16°, Djg = 0'947, is obtained by the action 
of sulphuric acid and potassium nitrite on alcohol (Ann. 253, 251, footnote). 
It is a mobile, yellowish liquid. It is insoluble in water, and possesses an odour 
resembling that of apples. It is the active ingredient of spiritus cetheris nitrosi. 

"When ethyl nitrite stands in contact with water it gradually decomposes, 
nitrogen oxide being evolved ; an explosion may occur under some conditions. 
Hydrogen sulphide changes it into alcohol and ammonia, 

n-Butyl nitrite, 04 H 9 *O*KO, b.p. 75°, 5ec.-butyl nitrite, b.p. 68°, fer^.-butyl 
nitrite, b.p. 77°. 

iaoAmyl nitrite, CgHj^O-NO, b.p. 96° ; D = 0*902, is obtained by passing 
nitrous fumes into amyl ^cohol at 100°. It is a yellow liquid. An explosion 
tokes place when the vapours are heated to 250°, Nascent hydrogen changes 
it into amyl alcohol and ammonia. Heated with methyl alcohol, it is transformed 
into methyl nitrite and amyl alcohol ; ethyl alcohol behaves analogouiy (Ber. 



ESTERS OF SULPHURIC ACID 167 

Amyl nitrite, “ Amylium is used in medicine, and also for the 

preparation of nitroso- and diazo-compoimds. 
n-Octyl nitrite, b.p. 175° (C. 1903, IL 339). 

Note. — Diazoethoxan, C2H5O— N=N— OCgHj, results from the interaction 
of iodoethane and nitrosyl silver (NOAg)®. It is the ester of hyponitrous acid 
(Ber. 11, 1630). 


P. ESTERS OF SULPHURIC ACID 

1. The normal, or dialkyl esters are prepared (1) by the inter- 
action of alkyl iodides and silver sulphate ; (2) from chlorosulphonio 
esters or sulphuryl chloride and sodium alcoholate, together with by- 
products (C. 1903, II. 936). They result (3), in small quantities, by 
heating ethyl hydrogen sulphate alone, or the alcohol with sulphuric 
acid, and can be extracted from the reaction products by chloroform. 
A better method is to pass methyl ether into H2SO4 at 160® (C. 1901, 
II. 269). Fuming sulphuric acid at ordinary temperatures yields 
mainly neutral esters with methyl and ethyl alcohols (C. 1900, II. 614). 
They are heavy liquids, soluble in ether, possess an odour like that 
of peppermint, and boil without decomposition. They will sink in 
water, and gradually decompose into a primary ester and alcohol : 

+ C^Hs-OH. 

Dimethyl sulphate, S02(0CH3)2, b.p. 188°, is conveniently prepared by 
the interaction of methyl alcohol and chlorosulphonio acid. It is highly irritating 
to the mucous membrane (C. 1901, I. 265), and is poisonous (C. 1902, I. 364). 
It is frequently employed in the preparation of methyl ethers, esters, and amines 
(Ann. 327, 104). 

Diethyl sulphate, SOa{OC2H5)a, b.p. 203°, may also be prepared from 
SO3 and (€2115)20. Heated with alcohol’ it forms ethyl sulphuric acid and ethyl 
ether (Ber. 13, 1699 ; 15, 947) ; it is an excellent reagent for alkylation (Ber. 
33, 2476) (comp. Ethyl hydrogen peroxide, p. 158). 

Di-i5obutyl sulphate, b.p, 134°/12 mm., and Di-isoamyl sulphate, 
b.p. 150°/ 12 mm., are prepared from the sodium derivatives of the corresponding 
alcohol and sulphuryl chloride (C. 1903, II. 937). 

2. The alkyl hydrogen esters or acid esters are produced (1) when 
the alcohols are mixed with concentrated sulphuric acid : 

S03{0H)2 H- CaHs-OH = HO-SOa'OCgHg H2O. 

The reaction takes place only when aided by heat, and it is not complete. 
The reaction proceeds to completion if the alcohol be dissolved in very little 
sulphuric acid, and SO3 in the form of- fuming sulphuric acid be then allowed to 
act on the well -cooled solution (Ber. 28, R. 31). To isolate the acid esters, the 
product of the reaction is diluted with water and boiled with an excess of barium 
carbonate. In this way the unaffected sulphuric acid is thrown out as barium 
sulphate ; the barium salts of the acid esters are soluble and crystallize out when 
the solution is evaporated. To obtain the acids in a free state their salts are 
treated with sulphuric acid or the lead salts (obtained by saturating the acids 
with lead carbonate) may be decomposed by hydrogen sulphide, and the solution 
allowed to evaporate over sulphuric acid. 

Secondary alcohols, also, by careful cooling of the reacting bodies, are capable 
of forming acid esters— e.^. ethylpropylearbinol (Ber. 26, 1203) ; tertiary 
alcohols behave similarly (C. 1897, II. 408). 

(2) The alkyl hydrogen esters also result from the union of the 
alkylenes with concentrated sulphuric acid. 

Properties * — ^These esters are thick liquids, which cannot be distilled, 



168 


OEGAOTC CHEMBTRY 


but which sometimes crystallize. They dissolve readily in water and 
alcohol, but are insoluble in ether. 

( 1 ) When boiled or warmed with water they break down into 
sulphuric acid and alcohol : 

HO-SOo-CgHs 4- HaO = H2SO4 + CaHg-OH. 

(2) When distilled, they yield sulphuric acid and alkylenes (p. 102). 

(3) When heated with alcohols, simple and mixed ethers (p. 154) 
are produced. 

They show a strongly acid reaction, and furnish salts which dissolve 
readily in water, most of which crystaEize readhy. The salts gradually 
change to sulphates and alcohol when they are boiled with water. 
The alkali salts are frequently applied in synthetic reactions. Thus 
with KSH and KgS they yield mercaptans and thio-ethers (p. 170) ; 
with salts of fatty acids they furnish esters, and with KCN the alkyl 
cyanides, etc. 

Compounds of the t 3 rpe it'OSOsH occur naturally in the urine, 
where they form the fraction described usually as “ ethereal sulphate ” : 
they form one method by which the body detoxicates phenols, in- 
gested or produced in metabolism. 

Methyl hydrogen sulphate, S04(CHs)H, is a thick oil 

Ethyl hydrogen sulphate, S04(C2H5)H,is obtained by mixing 1 part alcohol 
with' 2 parts concentrated sulphuric acid : potasswni salt^ S04(C2H5)K, is anhy- 
drous, and crystallizes in plates : barium and calcium salts crystallize in large 
tablets with two molecules of HgO each (Ann. 218, 300). 

The cbXorides or cMoroanhydrides of the alkyl sulphuric acids (Cl*S02*0R), 
called chlorosulphonic esters, result (1) by the action of sulphuryl cWoride 
on the alcohols (C. 1903, II. 936 : 1905, I. 14) : 

CaHs-OH + SO2CI2 = ChSOa-OCgHg + HCl ; 

Chloride of ethyl 
sulphuric acid. 

(2) by the action of PCI5 on salts of the ester acids ; (3) by the union of the 
olefines with Ci-SOsH ; (4) by the union of SO3 with the alkyl chlorides ; and (6) 
by the action of SOg on the esters of hypoehlorous acid (Ber. 19, 860) : 

SOg -f C10*C2H5 = Cl-SOg-OOaHs. 

They are liquids possessing a penetrating odour. Cold water decomposes them 
slowly into the alkyl sulphuric acids. The same result accompanied by a violent 
evolution of ethyl chloride is brought about by alcohol. Sodium alcoholates 
and chlorosulphonic esters unite to form compounds which break down, giving rise 
to normal sulphonic ester, ether, sodium alkyl sulphate, and sodium sulphate. 
Aniline and phenols (Vol. II) are alkylated by chlorosulphonic ester ; sodium 
malonic ester and sodium acetic ester are chlorinated (C. 1905, I. 13). 

Ethyl chlorosulphnnatCy CaHg'O-SOaGl, b.p. 52°/14i mm.; 1*263: 

methyl ester, CHa-O-SOgCl, b.p. 132°. 


E. ESTERS OF SULPHUROUS ACID 

The empirical formula of sulphurous acid, H 2 SO 3 , may have two 
possible structures : 

HO-SO-OH or H-SOg-OH 

' (I) (ll) 

The ordinary sulphites corre^nd with formula (II), and it appears 
that in them one atom of metal is in direct combination with sulphur : 

Ag-SOa-OAg K*SOa*OH 

Silver sulphite. Prim, potaasiom sulphite* 



ESTEES OF SULPHUEOUS ACID 169 

Silver sulphite, AgSOg-OAg, when acted on by iodoethane, yields 
the ethyl ester of ethanesulphonio acid, CgHs-SOa-CgHg, which loses 
an ethyl group when treated with potassium hydroxide, and yields 
ethanesulphonic acid, CgHg-SOaH, the oxidation product of ethyl 
mercaptan, C2H5SH. The sulphonic acids and their esters, which 
must be viewed as esters of unsymmetrical sulphurous acid, will be 
described after the mercaptans. 

The esters of symmetrical and unsymmetrical sulphurous acid are closely 
connected, as the following shows. 

If SOg is passed into a solution of sodium or potassium alcoholate, or SOg 
and NH3 into absolute alcohol, there are obtained unstable salts of alkyl sul- 
phurous acids— CHaO-SOgNa, CgHgO-SOaK, CaH^O-SOgNa, CgHgO-SOgNHs, 
which easily lose SOg (Ber. 38, 1298 : C. 1902, II. 930). These salts are isomeric 
with the very stable alkyl sulphonic acid esters (p. 175). If sodium, ethyl sulphite 
is heated with iodoethane or sodium iodide in alcoholic solution, it is converted 
into the double salt of sodium ethanesulphonate with sodium iodide. 

The dialkyl esters of symmetrical^ sulphurous acid are prepared by the action 
of thionyl chloride SOClg or sulphur chloride on the alcohols : 

SOClg -f 2C2H5OH = S0(0C2H5)2 + 2HC1. 

SgClg + SCgHgOH = SOCOCgHg) + CgHgSH 4- 2HC1. 

The mercaptan which is formed undergoes further change. 

The dialkyl sulphites are liquids, insoluble in water, having an odour of 
peppermint. They are isomeric with the corresponding esters of the alkyl 
sulphonic acids. It is remarkable that aqueous solutions of alkali hydroxides 
only hydrolyse the sulphites with difficulty, whilst the prolonged action of a cold 
concentrated solution partially converts them into alkyl sulphonic acids; a 
change which is also brought about by potassium iodide (see above) (Ber. 38, 
1298). 

Dimethyl sulphite, SO(O'0H3)2, b.p. 121°; diethyl sulphite^ b.p. 161°; 
dipropyl sulphite^ b.p. 191°. 

Chlorosulphinic esters, CI SOOR. The chlorosulphinic* esters, which 
are obtained by the interaction of equimolecular quantities of thionyl chloride 
and alcohols in the cold, are derivatives of the hypothetical alkyl hydrogen 
sulphites. 

SOClg + R-OH ^ Cl'SO OR -f HCl. 

They are liquids, easily decomposed by water into hydrochloric acid, sulphur 
dioxide and the alcohol. By distillation under ordinary pressure they are 
partly decomposed into sulphur dioxide and the alkyl chloride (Ber. 44, 319). 

Methyl chlorosulphuiate^ b.p. 102° : ethyl -ester, b.p. 122°. The ethyl ester 
is also obtained by the action of FCI3 or thionyl chloride on diethyl sulphite. 

F. ESTERS OF HYPOCHLOROUS AND PERCHLORIC ACIDS 

The esters of hypochlorous acid are formed by mixing the free acid with the 
alcohols (Ber. 18, 1767 : 19, 857) or more conveniently from the alcohol, sodium 
hydroxide and chlorine (J.C.S. 123, 2999). They are pungent-smelling, explosive 
liquids, which under suitable conditions break down quantitatively into HCl 
and an aldehyde or ketone (see p. 225). 

Methyl hypochlorite^ CHg-OCl, b.p. 12° : ethyl ester, b.p. 36°. 

The esters of perchloric acid are obtained from silver perchlorate and alkyl 
iodides. 


G. ESTERS OF OTHER INORGANIC OXY-ACIDS 

These esters are obtained by the action of BCI3, BgOg, POCI3, PCI3, AsBrg, 
SiCli, SigOClg on alcohols and sodium alcoholates. Alkali hydroxides hydrolyse 
them with the production of alcohols and alkali salts of the respective inorganic 
acids. Most of them *are decomposed entirely or in part by water. 

Boric acid . — Methyl borate^ B(OCH3)s, b,p. 65°, and ethyl borate, B(OC2H5)3, 
b.p, 119°, both burn with a green flame (G. 1898, II. 1243). 
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Metaphosphoric acid. — The esters R*0-P02 are obtained from silver 
metaphosphate and alkyl iodides, or from ethers and phosphorus pentoxide. 
They are thick syrups, which cannot be distilled in vacuo without decomposition, 
and which unite with water or alcohols with formation of mono- and di-alkyl 
esters of orthophosphoric, acid (Ber. 44, 2076). 

Orthophosphoric acid. — Triethyl ester, PO{OFt)3, b.p. 211® (C. 1900, 1. 102). 
Mono-esters of phosphoric acid, see Compt. rend. 168, 560. 

Thiophosphoric acid. — ^The esters PS (OR) 3 are obtained from thio- 
phosphoryl chloride, PSCI3, and sodium alcoholates. Methyl ester, b.p. 82®/20 
mm. ; ethyl ester, b.p. 106°/20 mm. (see J.C.S. 99, 713 ; J. pr. Chem. [2] 84, 
746 : Ber. 58, 840). 

Phosphorous acid. — ^The symmetrical esters, P(OR)3, are obtained from 
phosphorus trichloride and the sodium alcoholates, and are converted by water 
or dilute acids into the dialkyl esters, POH(OR)2, which are also obtained by 
the action of phosphorus trichloride on the alcohols. Methyl ester, b.p. Ill® ; 
ethyl ester, b.p. 156°. The symmetrical esters are isomerized by alkyl iodides 
into the alkylphosphonic esters (see p. 208) with intermediate formation of an 
addition compound : 

HP0(0R)2 P(0R)3 > RPO(OR)2. 

The symmetrical esters also form addition compounds with the cuprous halides 
(C. 1903, 11. 22 : 1906, 11. 1639 : 1914, I. 2156 : Ber. 38, 1171 : 45, 298). 

Arsenic acid. — The ethyl ester, AsO(OEt)3, b.p. 235°, is obtained from silver 
arsenate and ethyl iodide. 

Arsenious acid. — ^The symmetrical triethyl ester, As(OEt)3, b.p. 166°, 
is obtained by heating arsenious oxide with alcohol in presence of aiihydrous 
copper sulphate (G. 1908, II. 849). The symmetrical derivatives of antimonious 
acid, Sb{OR)3, are obtained similarly (C. 1909, I. 1976). 

Vanadic acid. — Esters, see C. 1913, II. 1029. 

Phosphonic and phoaphinic acids and the corresponding compounds of 
arsenic, are described after phosphorus bases and arsenic bases. 

SiUcates. — Methyl orthosilicate, Si(OCH3)4, *b.p. 120-122°. Ethyl ortho- 
silicate, 81(002115)4), b.p. 166°. Ethyl disilicate, Si20(0C2H5)6, b.p. 236°. Ethyl 
metasUicate, SiO(OC2H5)a, b.p. 360° (approximately). 

The silicic esters bum with a brilliant white flame. The ortho- and meta- 
silicic esters correspond with the ortho- and ordinary carbonic acid esters ; 
C(0C2H5)4 and CO(OC2H5)2. 

The orthoformio esters HC(OR)3 correspond with the orthosilicoformic esters, 
HSi(OR)3, which are produced from silicochloroform, BiHCls, and the alcohols. 
Ethyl orthosilieoformate, HSi(OC2H5)3, b.p. 134° ; propyl orthositicoformate, 
b.p. 192°, D = 0*885. These esters yield silicon hydride when heated with 
sodium (Ber. 38, 1661). 

3. SULPHUR DERIVATIVES OF THE ALCOHOL 
RADICALS 

The hydrosulphides and sulphides correspond with the metallic 
hydroxides and oxides, whilst the sulphur analogues of the alcohols 
and ethers are the mercaptam and alkyl-sulphides, and the alkali 
polysulphides find their analogues in the alkyl polysulphides : 

Na-SH NajS NaoS- 

CjHs-SH (OaHslaS (C2H5)2S2 

Ethyl Ethyl Ethyl 

mercaptan. sulphide, disulphide. 

I. MERCAPTANS, THIO-ALCOHOLS, OR ALKYE HYDRO- 
SULPHIDES 

Although the mercaptans closely resemble the alcohols in general, 
they are differentiated in that the hydrogen, which in the alcohols 
is replaceable by the alkaJi metals, is in the mercaptans also to be 
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substituted by the heavy metals. The mercaptans react very readily 
with mercuric oxide, to form crystalline compounds : 

2C2H5-SH + HgO = (C2H5*S)2Hg + H^O. 

Hence their designation as mercaptans (from mercurium captans). 
The metal derivatives of the mercaptans are termed mercaptides. 

Forrmtion, — (1) By the action of the alkyl halides on potassium 
hydrosulphide in alcoholic solution : 

C2H5CI H- KSH = CaHg-SH + KCL 

A modification of this method consists in allowing alcohols to 
react with bromine and red phosphorus in the presence of sodium 
sulphate, when the first-formed aDiyl bromide yields mercaptans by 
reaction with the NaSH formed by the reducing action of the phos- 
phorous acid (Chem. Abstr. 9, 1899). 

(2) By distilling salts of the sulphuric esters with potassium hydro- 
sulphide or potassium sulphide (see p. 168) : 

KO-SOa-OCaHg -f KSH = C^Hg-SH -h KgSO*. 

The neutral esters of sulphuric acid — e.gf. S02(0*C2H5)2 (p. 167) — 
also 3neld mercaptans when heated with KSH. ‘ 

(3) A direct replacement of the oxygen of alcohols and ethers by 
sulphur may be effected by phosphorous pentasulphide : 

SCaHgOH -h P2S5 = SC^Hg-SH + P2O5. 

(4) By reduction of the chlorides of the sulphonic acids : 

CgHg^SOaCl + 6H = CgHgSH + HCl -f 2 H 2 O. 

This reaction recalls the reduction of the acid chlorides to primary 
alcohols. 

(5) By leading a mixture of alcohol vapour and HgS over thoria 
at 300-360° (Compt. rend. 156 , 1217 : J.A.C.S. 43, 880). 

Properties and Reactions, — ^The mercaptans are colourless liquids, 
mostly insoluble in water, and possess a disagreeable, garlic-like odour. 

(1) Moderate oxidation with concentrated sulphuric acid, sulphuryl 
chloride, or iodine converts the mercaptans or mercaptides into disul- 
phides (p. 173). The reaction permits of these substances being 
titrated with iodine (Ber. 39, 738). 

(2) When oxidized with nitric acid, the mercaptans yield the 
sulphonic acids. Conversely, the mercaptans result % the reduction 
of the sulphonic acids. 

(3) By their union with aldehydes and ketones there result mer- 
captals and mercaptoles — e.g. CH3CH(SC2H5)2, (CH 3)20(80.^5) 2 — 
which will be treated at the conclusion of the aldehydes and ketones 

(4) The mercaptans unite more or less easily to an ethylene link- 
age, forming sulphides (Ber. 38, 646). 

Ethyl mercaptan, C2H5 SH, b.p. 36® ; ~ 0*829. It is the most impor- 

tant and was the first-discovered mercaptan ^834, Zeise^ Ann. 11 , 1). Despite 
its revolting odour, it is technically made from ethyl chloride and potassium 
sulphydrate in the preparation of sulphonal. It is but slightly soluble in water ; 
readily in alcohol and ether. 

Mercury mercaptide, m.p. 86®, crystallizes from alcohol m 

brilliant leafiets, and is only slij^tly soluble in water. When mercaptan 
mixed with an alcoholic solution of HgClg, the compound CjH^'S'HgOl is 
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precipitated. The potassium and sodium compounds are best obtained by 
dissolving the metals in mercaptan diluted with ether ; they crystallize in 
white needles. 

Methyl mercaptan b.p. 6® ; n-butyl mercaptari b.p. 98® ; 

n-propyl mercaptan b.p. 68® ; allyl mercaptan b.p. 90®, 

isopropyl mercaptan b.p. 59® ; 

Methyl mercaptan is formed during the fermentation of proteins (Ber. 34, 201). 

n~Butyl mercaptan is found in secretions of the stink-badger of the Philippines 
{Myddus marchei huet) (Pharm. Centralhalle, 1896, No. 34). 

II. SULPHIDES OR THIO-ETHERS 

These are obtained like the mercaptans : 

(1) By the action of alkyl halides on potassium sulphide. 

2C2H5CI + KaS = (C2H5).,S 4- 2KC1. 

(2) By distillation of salts of the alkylsulphuric acids with potas- 
sium sulphide : 

2KO-SOa-OC2H5 + KoS == + 2KSO^, 

(3) By the action of PjSg on ethers : 

-f P2S5 = + P2O5. 

(4) On heating the lead mercaptides : 

+ PbS. 

(5) By the interaction of alkyl halides with potassium or sodium 
mercaptides, when mixed thio-ethers can be produced : 

CgHsSNa + C2H5I = + Nal 

CaHgSNa + C3H7I = C^Hs-S-CsH, -1- Nal. 

(6) By passing mercaptan vapours over cadmium sulphide at 
320-330° (Compt. rend. 150, 1569). 

Methods 1, 2, 5 and 6 are analogous to those used in the preparation 
of the corresponding ethers. 

The sulphides, like the mercaptans, are colourless liquids, insoluble 
in water, but easily soluble in alcohol and ether. When impure, their 
odour is very disagreeable, but is ethereal when pure (Ber. 27, 1239). 

Reactions . — ^The sulphides are characterized by their additive 
power. (1) They unite with Brg, and (2) with metallic salts — e.g. 
(C2H5)2S,HgCl2, [{GA)z^]2, PtCl^ (C. 1900, I. 280 : 1901, II. 184) ; 

(3) also with alkyl io^des to form sulphonium iodides (p. 173) ; 

(4) they are oxidized to suiphoxides (p. 174) and sulphones (p. 174) 
by nitric acid. 

Methyl sulphide, (CH3)sS, b.p. 37-5°; ethyl sulphide, b.p. 91®; 

n-propyl sulphide^ (C3H7)2S, b.p. 130-13.5® ; n-hutyl sulpUdCy b.p. 182° ; iso- 
butyl mlphide, [(CH3)2CH*CH2]jiS, b.p. 173® ; cetyl sulphide, (CieH33)2S, m.p. 57®. 

DicMoromethyl sulphide, b.p. 156®, is obtained from trithioformaidehyde and 
SgCla (Ber. 55, 53). 

(8^'-Dichlorodiethyl sulphide, [ClCRz 0112 ) 2^1 in-P- 13-13*5®, b.p. 215-217® 
(dec.), was used as mnstard-gas [Ger. Gelbkreuz) during the war. It was prepared 
in two ways : 

(1) From ethylene chlorohydrin and NagS, the thiodiglycol (HOCH2CH3)S 
thus formed being converted into the dichloro derivative by heating with con- 
centrated HCi (J.A.C.S. 41, 1414). 

(2) From ethylene and SClg or SgCia (J.C.S. 117, 271). Pharmacological 
action, see Zeitschr. f. d. ges. exp. Med. 13, 367. 
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Unsaturated sulphides.— The sulphides of vinyl and allyl alcohols occur 
in nature. They are far moredmportant than the sulphides of the normal alcohols, 
particularly allyl sulphide. 

Vinyl sulphide (C2H3)2S, b.p. 101° ; 1) = 0*9125, is the principal ingredient 
of the oil of Allium ursinmn, and is very similar to allyl sulphide. It forms 
(C2H3Br2)2SBr2 with six atoms of bromine. Silver oxide changes it to vinyl 
ether (p. 158) (Ann. 241, 90). 

Allyl sulphide, {03115)28, b.p. 140°, may be prepared by digesting allyl 
iodide with potassium sulphide in alcoholic solution. It is a colourless, disagree* 
able-smelling oil, but slightly soluble in water. It forms crystalline precipitates 
with alcoholic solutions of HgClg and PtCl4. With silver nitrate it yields the 
crystalline compound (03115)28, 2AgN03. 

The early statement of Wertheim that allyl sulphide is to be found in garlic, 
has not been substantiated ; it is the disulphide which occurs there (C. 1892, 
II. 833). 

Allyl mustard oil is produced by heating the mercury derivative with potas- 
sium thiocyanate. Vinyl mustard oil is prepared in an analogous maimer. 



ajS-Propylene sulphide, CHg — CH-CH2, and the corresponding a/8-butylene 
compound, b.pp. 77° and 104-105°, are obtained from the corresponding difcom- 
ides,* through the dithiocyanates, by the action of Na2S (Compt. rend. 172 , 
168). 

Alkyl disulphides are produced (1) like the alkyl monosulphides by dis- 
tilling salts of the ethyl sulphuric acids or alkyl halides with potassium disulphide 
(C. 1901, I. 1363) : 

K0*S02-0C2Hfi -f K 2 S 2 == (C2H5)2S2 + 2K2S0^. 

(2) by the action of iodine on mercaptans, or concentrated sulphuric acid 
on mercaptides (Ber. 39 , 738). When bromine acts on a mixture of two 
mercaptans, mixed alkyl disulphides are produced (Ber. 19 , 3132) : 

2C2H5SH -f I2 = (C2H5)2S2 + 2HI. 

(3) by the action of sulphuryl chloride on the mercaptans : 

2C2H5SH + SO2CI2 - (C 2 H 5 ) 2 S 2 + SO2 -f 2 HC 1 . 

Nascent hydrogen reduces the alkyl disulphides to mercaptans, whilst zinc 
dust converts them into zinc mercaptides : 

(C2H5)2S2 + Zn = (C2H5S)2Zn. 

Mercaptides result on heating the disulphides with potassium sulphide 
(Ber. 19 , 3129) ; magnesium alkyl halides produce sulphides and mercaptides 
(C. 1906, I. 1244), and dilute nitric acid changes them to alhyl thiosulphonic 
esters (p. 177). 

Methyl disulphide, (02113)282, b.p. 112°, and ethyl disulphide, (02115)282, 
b.p. 161°, are oils possessing an odour like that of garlic. 

Allyl disulphide, (03115)282, b.p. 117°/16 mm., occurs with closely coimected 
polysulphides in garlic, Allium sativum (0. 1892, II. 833). The name “ allyl ” 
is derived from this. 

III. SULPHONIUM COMPOUNDS 
(Ber. 27, 505 Anm.) 

(1) The sulphides of the alcohol radicals (thio-ethers) combine 
with the iodides, bromides, and chlorides of the alcohol radicals at 
ordinary temperatures, more rapidly on application of heat, and form 
crystalHne sulphonium compounds : 

IV 

(02H5)2S + C2H5I - (02H5)38I. 

Triethyl sulphouiuin iodide. 

These are perfectly analogous to the halogen derivatives of the 
strong basic radicals. By the action of moist silver oxide the halogen 
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atom in them may be replaced by hydroxyl, and hydroxides similar 
to potassium hydroxide are formed : 

+ AgOH = (C2H5)3S-0H + Agl. 

(2) The sulphine or sulphonium halides are also obtained on heat- 
ing the alkyl sulphides with the halogen acids, or (3) with iodine 
(Ber, 25, R. 641) : 

2{Cja.,)^S + HI = + C 3 H 3 SH, 

4(CH3)2S + I2 = 2(CH3)3SI + (CHal^S^. 

(4) The acid chlorides react similarly to iodine. 

(5) By the action of iodomethane on metallic sulphides : 

SnS + 3 CH 3 I = Snig + {CH 3 ) 3 SI. 

By heating together sulphur and iodomethane to 180° there is 
formed (CH3) gSI-Ia an iodine addition product of trimethyl sulphonium 
iodide. Similar compounds are obtained with selenium and tellurium 
(C. 1904, II. 414). 

Often when the alkyl iodides act on the higher alkyl sulphides 
the latter are displaced (Ber. 8, 825). 

OTT 

(CaH 5 ) 2 S-CH 3 l and q^jj®^>S-C 2 H 5 I are not isomeric (in which case 

a difference of the 4 valences of S would be proved) but identical 
(Ber. 22, R. 648). 

The sulphonium hydroxides are crystalline, efflorescent, strongly 
basic bodies, readily soluble in water. Like the alkalis, they pre- 
cipitate metallic hydroxides from metallic salts, set ammonia free 
from ammoniaoal salts, absorb COg and saturate acids, with the 
formation of neutral salts : 

(CgH 6 ) 3 S.OH -I- HNO 3 - (CgH5)3S-N03 + HgO. 

We thus observe that relations similar to those noted with the nitrogen group 
prevail with sulphur (also with selenium and tellurium). Nitrogen and pho^* 
phorus combine with four hydrogen atoms, also with alcoholic radicals, to form 
the groups ammonium, NH 4 , and phosphonium, which yield compounds' 
similar to those of the alkali metals. Sulphur and its analogues combine in like 
manner with three univalent alkyls, and give sulphonium and sulphine deriva- 
tives. Other non-metals and the less positive metals, like lead and tin, exhibit a 
perfectly similar behaviour. By addition of hydrogen or alkyls they acc^uire a 
strongly basic, metallic character (see the metallo -organic compoimds and also 
the aromatic iodonium bases, Vol. 11). 

Tfimetfiyil sulphoniuTfi iodide^ (OH 3 ) 3 SI, is readily soluble in water, but 
is soluble with difficulty in alcohol, from which it crystallizes in white needles. 
At 215® it breaks do'^ directly into methyl sulphide and iodomethane. Pla- 
tinic chloride precipitates, from solutions of the chloride, a chloroplatinate, 
[<CH 3 ) 3 SCl] 2 *PtCl 4 , very similar to ammonium platinum chloride. Trimethyl 
svlphonium hydroxide, consists of deliquescent crystals possessing a 

strongly alkaline reaction. 

Consult Ber. 24, K. 906, for the refractive power and the lowering of the 
freezing point of sulphine compounds. 


IV, SULPHOXIDES AND SULPHONES 

These, as mentioned (p. 172), result from the oxidation of the 
sulphides : 

^ ^ ggp>so.. 

Ifithyl suiphiae. Ethyl sidphoxlde. Ethyl sulphone. 
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The sulphoxides are formed from the sulphides by oxidation by 
nitric acid or hydrogen peroxide (C. 1909, 1. 350). The unsymmetrical 
sulphoxides, R-SO-R', have been obtained in optically active forms, 
showing that the three groups attached to the sulphur atom are not 
co-planar (J.O.S. 1926, 2079) (see p. 31). The sulphoxides are 
reduced to sulphides by nascent hydrogen. 

Methyl and ethyl sulphoxides are thick oils, which combine with nitric acid 
to the compounds HgSO-HNOg. The free sulphoxides are regenerated from 
these salts by barium carbonate. Methyl sulphoxide is also obtained from 
the bromide Me^SBra and silver oxide. 

The sulphones are obtained from the sulphoxides by oxidation 
with fuming nitric acid or permanganate, or from the alkali salts of 
the alkylsulphinic acids and alkyl iodides : 

R-SOaK + RT R-SOg-R' + KL 

They are not, however, the true esters of the sulphinio acids, but 
are very stable compounds in which both alcohol radicals are linked 
to sulphur. They cannot be reduced to the sulphides. 

Dimethyl sulphone, (0113)2802, m.p. 109 ° ; b.p. 238°. 

Diethyl sulphonet (02115)2802, m.p. 70 ° ; b.p. 248°. 


V. AJLKYL SULPHONIC ACIDS, ALKYL THIOSULPHURIC ACIDS, 
ALKYL THIOSULPHONIC ACIDS, AND ALKYL SULPHINIC ACIDS 

These compounds have the general formulae : 

R-SOjOH RS-SOsH RSO^SH R-SOaH 

Sulphonic Thiosulphuric Thiosulphonic Sulphinio 

acid. acid. acid. acid. 

Sulphonic Acids 

The sulphonic acids contain the sulpho-group — SOa'OH — ^joined to 
carbon. This is evident from their production by the oxidation of 
the mercaptans, and from their re-conversion into mercaptans (p. 171). 
They can be considered as being ester derivatives of the unsymmetrical 
sulphurous acid, HSOgOH (p. 169). 

Formation, — (1) Their salts result from the interaction of alkali 
sulphites and alkyl iodides ; their esters are formed when alkyl iodides 
act on silver sulphite : . 

K-SOjOK + C2H5I = CjHfi-SOaOK + KI. 

Potassium ethanesulphonate. 

AgSOjOAg + 2 CjH,I = CjH.-SOjOC^, + 2 AgI. 

Ethyl ethanesulphonate. 

All the esters of sulphurous acid, both sulphites, ROSOaK, and 
sulphonic esters, (RO) 2 SO, when heated with KE form sulphonic acid 
double salts of the type (RS 03 K) 4 KI. 

(2) By oxidation of {a) the mercaptans ; ( 6 ) the alkyl disulphides ; 
(c) the alkyl thiocyanates with nitric acid : 

C 2 H 5 SH) o 

[CaHsSLh ^CgHs-SOsH. 

C2H5S*CN) 

(3) The alkyl sulphinio acids are readily oxidized to sulphonic acids. 
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(4) The sulpiionic acids can be formed further by the action of 
sulphuric acid or sulphur trioxide on alcohols, ethers, and various 
other bodies. This reaction proceeds without difficulty in the aromatic 
series. 

Properties and Reactions. — ^These acids are thick liquids, readily 
soluble in water, and generally crystalHzable. They undergo decom- 
position when exposed to heat (Ber. 38, 2019), but are not altered 
when boiled with alkali hydroxides. When fused with solid alkali 
hydi‘oxides they break up into sulphites and alcohols : 

CaHs-SOg-OK + KOH = KSOg-OK -f CgHg-OH. 

PCI 5 changes them to chlorides, — e.g. C 2 H 6 *S 02 C 1 , — ^which are 
reduced to mercaptans by hydrogen ; and by the action of sodium 
alcoholates they pass into the neutral esters — C 2 H 5 ' 803 *C 2 H 5 - 

Many of these reactions plainly indicate that in the sulphonic 
acids the sulphur is directly combined with the alkyl groups. The 
sulphonic esters boil considerably higher than the esters of S5rmmetrical 
sulphurous acid (p. 169). Whilst alcoholic potassium hydroxide con- 
verts the latter into potassium sulphite and alcohol, aqueous alkali 
solutions act only with difficulty and with the partial production of 
salts of alkyl sulphonic acids ; in the sulphonic esters the alkyl group 
which is not directly combined with sulphur is readily removed by 
hydrolysis. 

Methanesulphonic acid, CHg-SOaH, was synthetically prepared by Kolbe 
in 1846 from carbon disulphide, by converting it by means of moist chlorine 
into the chloride of trichloromethanesulphonic acid, CCI 8 SO 2 CI, and this into the 
acid itself, which is reduced by sodium amalgam to methanesulphonic acid 
(Ann. 54, 174) : 

C + 2S == CSj ^ CCla-SOaCl > CCI 3 SO 3 H CHs-SOsH. 

Methaneaulplhonic chloride, CH 3 SO 2 CI, b.p. 160® ; ethyl ester, b.p. 86®/10 mm. ; 
anhydride, ( 0113802 ) 20 , m.p. 71®, b.p. 138®/10 mm. (&r. 38, 2018). 

Chloroiodomethanesulpho7iic acid, CHClI'SOsH, is of interest as the first com- 
pound containing only one carbon atom to be resolved into its optically active 
components (Pope and Read, J.C.S. 105, 811 : see also J.C.S. 1932, 2723). 

Ethanesulphonic acid, 02 H 6 *S 0 sH, is oxidized by concentrated nitric acid 
to ethyl sulphuric acid, CgHgO-SOaH (p. 168) ; lead salt, (C 2 H 5 'S 03 ) 2 Pb, is readily 
soluble ; methyl ester, C 2 H 5 SO 3 CH 3 , b.p. 198® ; ethyl ester, CgHg-SOg'CgHg, b.p. 
213*4® ; sulphochloride, CgHg-SOaCl, b.p. 177°. 

Ethylenesulphonic acid, CHg^CHSOgH, is obtained from ethane disul- 
phochloride, by the action of water and alcohol. Its ammonium salt, m.p. 156®, 
reduces alkaline permanganate instantaneously, and combines with ammonium 
hydrogen sulphite to form ammonium ethanedisulphonate (C. 1898, II. 1009 : 
1899, 1. 1104). Ethylenesiitphone anilide, CHg : CHSOaNHCeHs, and propyle^ie- 
sulpimie anilide, CHgCH : CHSO 2 IOIC 3 H 5 , are obtained from ethane- and pro- 
pane-ajS-disulphonyl chlorides and aniline, with loss of SOg and HCl, even at 0 ® 
(Ber. 36, 3626). 


Alkyl Thiosulphuric Acids 

The well-crystallized alkali salts of these acids are made by acting on 
alkali thiosulphates with primary saturated alkyl iodides (Ber. 7, 646, 1167) or 
bromides (Ber. 26, 996), 

C 2 H 5 I + NaS-SOsNa = GgHgS-SOgKa + Nal. 

Sodium ethyl thiosulphate is called Bunte's salt, after its discoverer. It 
also results when iodine acts on a mixture of sodium mercaptide and sodium 
sulphite : 

CgHgSNa + NaSOgNa + 12 = CgHgS'SOaNa + 2NaI. 
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The free dcids are not stable. Mineral acids convert sodium etbyl thiosulpliate 
into mercaptan and mono-sodium sulphate. Heat breaks down the salts into 
disulphides, neutral potassium sulphate, and sulphur dioxide. Electrolysis of 
Bunte’s salt gives rise to diethyl disulphide (C. 1901, I. 331). 

Alkyl Thiosulphonic Acids 

These acids are only stable as salts and esters. They are formed by the 
action of the chlorides of sulpho-acids on potassium sulphide : 

CaHs-SOaCl + K^S = C^Hg-SOaSK + KCL 
The eMerSf K^SOgSR, of this new class (formerly called alkyl disulphoxides, 
R2S2O2) are obtained (1) from the alkali salts by the action of the alkyl bromides 
(Ber. 15, 123) : 

CgHg-SOa'SK + CaHgBr == CsHg-SOaSCgHg + KBr; 
and (2) by the oxidation of mercaptans and alkyl disulphides with dilute nitric 
acid ; (GgH 5)283 + Og = CgHs-SOg-SCgHg. These esters are liquids, insoluble in 
water, and possessed of a disgusting odour (Ber. 19, 1241, 3131). Diethyl 
thiosulphate, CoHg-SOg-S-CgHg, b.p. 130-140°. 

Alkyl Sulphinic Acids 

These acids can be considered as derived from the hypothetical sulphoxylic 
acid, HgSOa, by replacement of one hydrogen atom by an alkyl group. The 
existence of chlorides and anhydrides of the aromatic sulphinic acids (Ber. 41, 
3323, 4113) and the existence of the true sulphinic esters affords support for the 
formula R*SO*OH as against the alternative B-SOg'H. 

The sulphinates are formed as follows : 

(1) By the oxidation of the dry sodium mercaptides in air. 

E SNa + O2 ^ R-SOgNa 

(2) By the action of SO2 on zinc alkyls or magnesium alkyl halides or by 
the action of SOgClg on the latter. 

RgZn + SO 2 > (R-S02)8Zn 

2RMgI + SO2CI2 ^ E-SOgMgl -h RCl + MgClI. 

(3) By the action of zinc on the sulphonyl chlorides. 

2R-S02C1 + Zn ^ (R-S02)aZn + ZnClg. 

The sulphones (p. 175) are produced in the action of alkyl iodides on the 
alkali sulphinates, whilst the real esters result from the esterification of the acids 
with alcohol and hydrochloric acid, or by the action of chioroformic esters on 
the sulphinates (Ber. 18, 2493) ; 

R-SOgNa -h Cl-COgR = R-SO-OR + 00^ + NaCl. 

When these esters are hydrolysed by alcohol or water they break down into 
alcohol and sulphinic acid, whilst the isomeric sulphones are not altered. The 
free sulphinic acids are unstable liquids which dissolve in water and are oxidized 
to sulphonic acids. Potassium permanganate and acetic acid convert the 
sulphinic esters into sulphonic esters (Ber. 19, 1225), whereas the isomeric 
sulphones remain unchanged. 


4, SELENIUM AND TELLURIUM COMPOUNDS 
These are very similar to the sulphmr compounds. 

Selenomercaptans. — Ethyl seUnomercaptan, Et*SeH, b.p. 53*5°, is a color- 
less, foul -smelling liquid, immis cible with water, and readily oxidized. With 
mercuric oxide, it readily forms a mercaptide. n-Propyl and n-butyl selenomer^ 
captans boil at 84° and 111°. 

Selenides. — Methyl ethyl selenide, Me*Se*Et, b.p. 86°, from sodium ethyl- 
selenomercaptide and methyl iodide (Ber. 42, 49). Ethyl selenide, b.p. 108°, 
is a heavy yellow oil which readily combines with halogens to compoxmds of 
VOL. I, K 
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the type liItgSeCIa. acitl oxidizes it. to the Ncfcuoxidi' EtjjSeO which Tonus 

the salt EtgSeTNOa)^ with more nitric acid. 

Selenites,— Ethyl nelenite^ SeO(OEt) 2 , h.p. 184" (partial dec.), is obtained 
from selenyi chloride and sodium ethoxide, or from silver selenite and othyl 
iodide. This is evidence in favour of the formula SeO(OH )2 for selenious acid 
(Ann. 241 , 150). 

Telluromercaptans are unknown. 

Tellurides . — Methyl and ethyl tellurides, and Et 2 Te, b.pp. 80-82® 

and 137'5°, are obtained as heavy yellow oils by distillation of barium alkyl 
sulphates with potassium telluride. Compounds of the following types are 
derived from the tellurides ; RgTeCla, R 2 Te(N 03 ) 2 , RaTel, RgTeOH. 

The compound MegTeIg, dimethyltelluronium iodide, exists in two isomeric forms. 
These were originally regarded as stereoisomers (J.C.S. 117 , 86, 889), hut more 
recent wo^k shows the isomerism to be structural (J.C.S. 1929 , 560). 

Dimethyl tellurium oxide, {CH 3 ) 2 TeO, is a crystalline efflorescent compound, 
resembling, in its basic properties, CaO and PbO. It reacts strongly alkaline, 
expels ammonia from ammonium salts, and neutralizes acids. 

The compound MegTeOg, dimetkyltellurone, analogous to the sulphones, has 
also been prepared (J.C.S. 117 , 889). 

The compound pheriyl-^-tolylmethyltelluronium iodide, CgH 5 (CjH,)TeMeI, has 
been, obtained in optically active forms (J.C.S. 1929 , 2867). 


5. NITROGEN DERIVATIVES OF THE ALCOHOL 
RADICALS 

A 1- MONONITRO-PARAFFINS AND -OLEFINES 

By nitro-bodies are understood compounds of carbon in which the 
hydrogen combined with the latter is replaced by the univalent nitro- 
group, NO 2 . The carbon is directly united to the nitrogen, as is shown 
by the reduction of the nitro-derivatives yielding amino-compounds : 

R NOg + 6H = R-NHg -f 2 H 2 O. 

In the aromatic series the hydrogen atoms of the benzene nucleus 
are readily replaced by nitro-groups, e.gr. : 

CeHg + NOgOH == CeHgNOg -f H^O. 

Nitrobenzene, 

Comparative ref ractome trie investigations have shown that the nitro -group 
in nitroethane, and that in nitrobenzene, do not have the same structure (Z. 
physik. Chem, 6 , 552). See Ber. 28 , R. 153, for the heat of combustion of 
the nitroparaffins. 

(1) Direct nitration. — ^Normal paraffins are very stable towards 
nitric acid {p. 98), and are only acted on after prolonged heating at 
130-140® with the dilute acid, whereby substitution products result 
(Konowaiow, Ber. 26 , R. 108 : 28 , 1863 : C. 1898, I. 926 : 1899, 
I, 966, 1063 : 1902, I. 564 : 1906, II. 312). 

Experience shows that, amongst the fatty bodies, the hydrogen 
atom which is attached to a tertiary carbon atom is more easily replaced 
by the nitro-group than that which is attached to a secondary carbon 
atom, and this, in turn, more easily than one attached to a primary. 
Amongst secondary compounds, that hydrogen is the more easily 
replaced if its carbon atom is connected to a tertiary radical. Mark- 
(mmikeff has expressed this in the following rule : In hydrocarbons 
that hydrogen is always more easily replaced when attached to a 
carbon atom which is affected by other carbon atoms (Ber. 33, 1907). 

(2) A common method for the preparation of the nitroparaffins 
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consists in hoatiiig the iodides of the alcoiiol radicals with silver nitrite 
(F. Meyer, 1872) (Ann, 171, 1 : 175, 88 : 180, 111) : 

CoHsl -{- AgNO, - C^Hs-NO. + Agl. 

The esters of nitrous acid, the alkyl nitrites, are formed simul- 
taneously in this reaction (Ber. 15, 1547). The silver nitrite behaves 
as if it consisted of Ag-NOa and Ag*0*N0. Mercurous nitrite behaves 
similarly to the silver salt (Proc. Chem. Soc. 1907, 246). Potassium 
nitrite, on the other hand, yields only the alkyl nitrite (c/. however, 
Method 3 (below) and C. 1907, 1. 235). It is possible that the forma- 
tion of the esters takes place through the intermediate formation of 
olefines, which then unite with the nitrous acid to form nitrites (Ann. 
180, 157 : Ber. 9, 529) : more probably, an addition of the alkyl 
halide, either directly to the nitrogen atom, or with rupture of the 
N : 0 double bond takes place (J.C.S. 109, 701). 

(3) Simultaneously with the discovery of method 2, Kolhe demonstrated that 
nitromethane resulted from the action of potassium nitrite on chloroacetic acid. 
The first product in this instance was nitroacetic acid, which broke down into 
carbon dioxide and nitromethane (J. pr. Chem. [ 2 ] 5, 427) : 

CHaCl-COaH [CHa(N02)-COaH] CH3NO2 -f 00^. 

By the same method a-bromopropionic acid and a>bromobutyric acid are made 
to yield nitroethane and nitropropane, and so on for the series (C. 1900, I. 126), 

. (4) The nitroparafiins are also formed by oxidation of the nitrosoparaffins 
(p. 183). 

(5) Zinc alkyls, acting on chloro- and bromo-nitroparaffins, produce mono- 
nitroparafiins (Ber. 26, 129) : 

CH 3 *CHBrN 02 > CH 3 *CH(N 02 )*CH 3 , Secondary nitropropane. 

Zn(CH9)9 

CClg’NOa >• C*N 02 (CH 3 ) 3 , Tertiary nitrobutane. 

Properties and Reactions, — ^The nitroparaffins are colourless, 
agreeably-smelling liquids, which are sparingly soluble in water. They 
distil without decomposition, and only explode with difficulty. Their 
boilmg points lie considerably higher than those of the corresponding 
nitrous esters (p. 166: see also p. 32). 

(1) Action of alkalis, — ^The action of potassium and sodium 
hydroxides on the nitroparaffins is to form salts when the NO 2 group 
stands next to a hydrogen atom in the molecule. Similar action on 
the isomeric nitrous esters results in the production of alcohol and 
an alkali nitrite. 

Victor Meyer, who discovered the nitroparaffins and studied them 
closely, assumed that, in the salts, the alkah metal was united directly 
with the carbon atom (Ann. 171, 28, 48) ; whilst A. Michael (J. pr. 
Chem. (1888), [2] 37, 507) and later Nef (Ann. (1894), 280, 263) 
showed it to be joined to an oxygen atom of the nitro-group. 

Potassium-nitroethane, CH 3 CHKNO 2 CHa-CH— NOOK. 

According to V. Meyer, According to A. Michael. 

The nitroparaffins are converted by alkalis into isonitroparaffins 
(also called aci-nitroparaffins or nitronic acids), from which the salts 
are derived (compare p. 50). If a solution of such an alkali salt 
is acidified, the isonitroparaffin which is first precipitated changes 
into the corresponding nitroparaffin. A, F, Holleman (compare Ber. 
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33, 2913) showed how this cliaiige could be followed by mpidly-taken 
conductivity measurements, since the labile, salt-forming i5onitro-body 
is an electrolyte, which tons into a stable, neutral, non-conducting 
nitro-compound. The rapidly falling conductivity runs parallel to 
the decolorization of the first-formed yeUow solution. Hantzsch 
succeeded in isolating • phenylnitromethane in both its forms — 
CeHsCHoNOo and CeH^CHiNOOH (Ber. 29, 1223, 2251 : C. 1897, 
I. 1054). 

A new formula for the aci-nitroparaffins, based on the octet theory, 
and which accounts for the persistence of the asymmetry in the alkali 
derivatives of 5 ec.-nitrobutane, has been put forward by R. Kuhn, 
Ber. 60, 1297. 

By various methods, the aci-nitroparaffins can be converted into 
hydroxamic acids or their derivatives. 

R-CH : NO-OH > R C<^ 2 ® 

For example, the action of benzoyl chloride on sodium aci-nitroethane 
yields benzoylacethydroxamic acid, CH 3 C(OH) : NO-COCeH^, instead 
of the expected benzoylacinitroethane (C. 1898, 1. 564). By dropping 
a solution of an alkali salt of a primary nitroparaffin into ice-cold 
dilute hydrochloric acid, a small quantity is converted into the 
hydroxamic acid (Ber. 35, 49). A number of primary nitro-compounds 
in ethereal solution are converted by gaseous HCl into hydroxamic 
chlorides (J. pr. Chem. [2] 84, 686). The formation of hydroxyl- 
amine and a fatty acid by heating a primary nitro-compound with 
concentrated HCl is referable to a primary change into a hydroxamic 
acid (Ann. 180, 163). 

(2) Reduction of niiroparaffim, — By gradual reduction, the nitro- 
bodies (F. Meyer ^ Ber. 24, 3528, 4243 : 25, 1714) pass first into alkyl- 
hydroxylamines (p. 204) and then into primary amines : 

CH 3 NO 2 > CHs-2!TH*OH CH 3 NH 2 . 

Nitroniethaue. -y-Methylhydroxylaniine. Methylamme. 

The conversion of nitroparaffins into primary amines proves, as 
indicated before, that the nitrogen of the nitro-group present in them 
is linked to carbon. 

(3) Reaction with nitrous acid, — ^The varying behaviour of the nitro- 
paralfins with nitrous acid at the moment of its formation from 
potassium nitrite and sulphuric acid is very interesting, according as 
the nitro-group is linked to primary, secondary, or tertiary radicals. 
Primary nitro-compounds in the presence of excess of potassium 
hydroxide give rise to an irdense red colour due to a soluble, red- 
coloured alkali salt of a nitrolic acid, whilst the nitro-compounds of 
the secondary radicals yield a dark blue coloration, due to the forma- 
tion of a pseudo-nitrole : 

CH,-CH,NO, + NOOH = -f HjO. 

fithyl BitroUc acid 
(Xltroacetaldoxime) 

(CH,),CHNO» + NOOH = (CHe)sC<|^^ + HjO. 

Ftopyl 
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The nitro-compounds of tertiary radicals do not react with nitrous 
acid. Since the alcohols easily form iodides which react with silver 
nitrate, the preceding reactions serve as a means of distinguishing 
primary, secondary, and tertiary alcoholic radicals from one another 
(p. 136). 

(4) Chlorine and bromine, acting on the alkali salts of primary and 
secondary nitroparaffins, produce chloro- and bromo-nitro-substitution 
products. In them the halogen atom occupies the same position as 
the nitro-group. 

(5) Diazobenzene salts, acting on the alkali salts of the primary 
nitroparaffins, give nitrohydrazones (nitro-azoparafhns), e.g. nitro^ 
acetaldehyde hydrazone, CH 3 C(N 02 ) : N-NHCgHs, results from potas- 
sium nitroethane and diazobenzene nitrate (Ber. 31, 2626 ; see also 
Vol, II). 

(6) Reaction with aldehydes, — ^Primary and secondary nitroparaffins 
unite with aldehydes in the presence of alkali carbonates to form 
nitro-alcohols. As many molecules of an aldehyde unite with one 
molecule of a nitro-paraffin as there are hydrogen atoms united to 
the carbon atom to which the nitro-group is attached. The nitro- 
alcohols, as obtained by this method, will be described with the 
polyatomic alcohols (C. 1897, II. 1000). Nitromethane and formalde- 
hyde give rise to nitrobutyl glycerol, the parent substance for the 
synthesis of glycerol : 

8CH,0 yCHjOH 

NO 2 CH 3 > = J^OaC^CH^OH. 

\CH 2 OH 

aa-Haloid nitroparaffins also condense with aldehydes to form 
meso-halogen nitroparaffins, which will be described under the section 
of the nitrogen derivatives of the ketone-alcohols or ketols. 

(7) Carbon disulphide reacts with the primary and secondary nitro- 
paraffins to yield condensation products, e,g, nitromethane and CS.> 
in the presence of alkali yield the salt of nitrodithioacetic acid (Ber. 
52, 542). 

NaOH 

CH 2 NO 2 + CSg ^ NaO'NO ; CH*CS-SH. 

For compounds resulting from the action of sodium ethoxide and 
the alkyl iodides on the nitroethanes, see Ber. 21, R. 58 and 710. 

Zinc ethyl converts nitroethane into /5-ethyl-j5-sec.-butylhydroxyl- 
amine (Ber. 34, 2500). 

Primary mononitroparaffins : nitromethane, CH 3 NO 2 , b.j). 101®. 
iSodiuyn and potaasiurn, nitromethane explode with great violence when they are 
heated ; this also occurs when these substances, dried in a desiccator, come 
into contact with traces of water (Ber. 27 , 3400). When mercuric chloride acts 
on sodium nitromethane, mercury fulminate is produced {q.v.) (Ann. 280 , 27i5). 
By the action of potassium hydroxide on nitromethane or of hydroxylamine 
hydrochloride on sodium nitromethane, metlmzonic acid, CH 2 N 02 *CH : NOH, 
m.p. 79°, the oxime of nitroaeetaldehyde is obtained See also Bey. 40 , 

3435). 

Nitroethane, CH 3 CH 2 NO, b.p. 113° j reaction between the sodium salt, 
CH3CH : NOONa, and benzoyl chloride leads to the formation of benzoylaceto- 
hy<£roxamic acid, CH 3 *C(OH)NO*CO 06 H 6 , and not to the expected benzoyl- 
iaonitroethane (C. 1898, I. *564). 

a-Nitropropane, CH 3 *CB[ 2 *CHaN 02 , b.p. 130° ; cL-nitro-xi-hulcmc, CHa-CHj*- 
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CHa-CHg-NOa, b.p. 151® ; nitroisohutane, (CH 3 )aCH*CHaN 02 , b.p. 137-140® ; 
nitro-n-octane> OHg-ECHale-CHa-NOa, b.p. 205-210®. 

Secondary nitroparaffins. — ^-Nitropropane, CH 3 ‘CH(N 02 )*CH 3 , b.p. 118®. 
P^mtrohutane, b.p. 138®, is obtained from methylethyl 

carbinol in. two optically active modifications. The persistence of the optical 
activity after conversion into the alkali salts is important (Ber. 60, 1297 ; see 
also p. 180). 

Tertiary mononitroparaffins : Tertiary niirohutane, (CH 3 ) 3 C*N 02 , b.p. 
126° ; ^•nitro-^-methylhutam, (CH 3 ) 2 C(N 02 )C 2 H 5 , b.p. 150° (C. 1903, I, 625). 

Nitro-olefines. — ^^5'itro-alcohols, obtained by the condensation of aldehydes 
with nitromethane (comp. p. 378), give up water under the action of zinc chloride, 
and form nitro-olefines, RCH : CHNO 3 ; nitroisohexylene, (CH 3 ) 2 CHCH 2 CH : - 
CHNOa, b.p. 80°/10 mm. ; nitro-octylene, C 3 H 13 CH : CHNO 2 , b.p. 114®/8 mm. 
Nitroisobutylene, (CH 3 )C : CHNOg, is prepared by the action of fuming nitric 
acid on isobutylene ; and also by the abstraction of CO 2 by alkali from a- 
nitrodimethylaerylic acid. Reduction of the nitro-olefines results in the 
formation of the oximes of the paraffin aldehydes (p. 250) (C. 1903, II. 553). 

Nitropropylene, CHg : CH-CHaNOg, b.p. 88®/l80 mm. (C. 1898, I. 192). 

Halogen nitro- compounds result (1 ) from di-halogen paraffins in which two 
different halogen atoms are attached to two C-atoms in the same chain, such as 
CHgCbCHg'CHgBr, reacting with a mono -molecular quantity of silver nitrate ; 
(2) from nitroparaffins and Cl or Br ; (3) from nitro -alcohols and PCI 5 . These 
substances are acidic in character when a H-atom is imited to the same C-atom 
as the nitro -group. The remarks which have been made on the constitution of 
the salts of the mononitroparaffins hold good for the salts of the halogen-nitro- 
compounds (p. 179). 

Chloronitromethaney GH 2 CINO 2 , b.p. 122® ; bromonitromethane, b.p. 146® 
(Ber. 29 , 1823) ; dibromonitromethane (Ber. 29 , 1824). 

ccoL-Chloromtroethane, CHa'CHCBSTOg, b.p. 124° ; aoL’bromoniiroethaney b.p. 
146® ; ap-chloronitroethiine, ClCHa'CHgNO,, b.p. 173° ; accoL'dibromonitroethane, 
CHs-CBrgNOg, b.p. 165®. 

CLOL’Chloronitropropanet CH 3 CH 2 GHCINO 2 , b.p. 141° ; aoL-hronwnitropropane^ 
b.p. 165® ; p-chloro-c&‘nitropropa7iey b.p. 172° ; CL‘Chlo7*o-p-nitropropane, b.p. 170® ; 
ct-chloro-y-nitropropaney b.p. 197° j p^-chloronitropropaney CH 3 CC 1 (N 02 )‘CH 3 , 
b.p. 133° ; a^-bromonitropropane, b.p. 165° ; oLOLcc-dibromonitropropanCy b.p. 185°. 

Triiodonitroethylene, CI 2 : CINOg, m.p. 109°, and diiododinitroethylene, 
NO 3 CI : CINOg, result from the action of fuming nitric acid or NgOs on diiodo- 
acetylene and tetraiodoethylene respectively (Ber. 33, 2190). 

Following the scheme on which this work is planned, the nitro-halogen 
compounds should take their places after the aldehydes, ketones, carboxylic 
acids and glycols, according to the position of the substituting atom and group. 
It is, however, more convenient not to divide them in this way, except to deal 
with nitrochloroform (chloropicrin), CCI 3 NO 2 , and nitrobromoform (bromopicrin) 
in conjunction with CCI 4 , CBr 4 , CI 4 . 

The halogen atom in chioro- and bromo -mononitroparaffins can be replaced 
by alkyl groups by the action of zinc alkyls, whereby a homologous series of the 
mononitroparaffins can be built up (p. 179). 


A 2. NITROSOPARAFFINS, PSFUBONITROLES AND NITROLIC 

ACIDS 

Compounds containing the group — NO are described as nitroso- 
compounds. The primary and secondary nitrosoparaffins cannot as 
a rule be isolated, as they change readily into the tautomeric oximino- 
or i^onitroso-compounds (c/. Ber. 35, 2323). 

BR'CH*NO RR'C : NOH. 

Tertiary nitrosoparaffins, on the other hand, are stable and are 
obtained by the oxidation of /S-alkyl-hydroxylamines (p. 204). 

The ketoximes, R^C : NOH (also acetaldoxime, CH3CH : NOH), 
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are changed by chlorine or bromine into chloro^ or bromo-nitrosoj^araffins, 
RaC<;]^Q ; by Ng 04 or nitric acid into nitronitrosoparaffins, R 2 C<;^q 2 ^ 

The latter, also known as pseudonitroles, are also obtained (p, 184) 
by the action of nitrous acid on the secondary nitro-bodies, whilst 

the primary compounds yield nitrolic acids, same 

treatment. The latter substances are desmotropic, and can also be 
formulated as nitrosonitronic acids, 

Nitrosoparaffins 

The direct production of these bodies from the paraffins has not yet been 
brought about. Reduction of the nitroparaffins does not yield nitrosoparaffins, 
but a series of other bodies. Careful reduction gives rise first to j8-alkylhydroxyl- 
amines, R*NHOH, which will be examined later together with other alkyl- 
hydroxylamine derivatives (p. 204). But the terf.-alkyl-jS-hydroxylamines yield 
nitrosoparaffins by oxidation with chromic acid (Ber. 31, 457) : 

RaC-NOg RaC-NHOH ^ RgC-NO. 

The alkylamines, possessing a tertiary alkyl group, yield tertiary-nitroso- 
paraffins when oxidized by permonosulphurio acid, H2SO5, with the intermediate 
formation of jS-alkylhydroxylamines : 

RgC-NHg > RgC-NHOH ^ R3C NO. 

^cc.-Alkyl-j3*hydroxylamines are converted by oxidation into ketoximes or 
itfonitrosoparaffins (p. 204), whilst the primary compounds yield hydroxamic 
acids (Ber. 36, 701). 

Nitroso -compounds are colourless crystalline bodies, having an odour of 
camphor, and are very volatile. In the solid state they exist as double molecules, 
which are dissociated by heat or solution into the intensely blue coloured mono- 
molecular condition. This phenomenon can be observed in many complex 
nitroso-bodies (Ber. 35, 3090). Sunlight retards this dissociation. Nitroso- 
bodies on oxidation yield nitro-compoimds. 

ferf.-Nitrosofsobutane, (CH3)3C-NO, which forms colourless (dimolecular) 
crystals, melting at 76° to a blue (monomolecular) liquid, and tert.~nitrosoiso- 
pentane, m.p. 50°, are prepared by the oxidation of te/t.-butylamine and tert.^ 
amylamine. 

Nitrosooctane. — The compound MeCH*(CH2)2*CMe2]SrO, m.p 54°, is ob- 
tained by reduction of the corresponding nitrooctane. 

7?ie50-Halogen-nitrosoparafIins are prepared by the action of chlorine and 
sodium hydroxide (C. 1906, 1. 1692), or of bromine and pyridine (Ber. 35, 3092) 
on ketoximes (see above) ; 

(CH3)jC<^° (CH,)3C = NOH ' -> (CH3)3<gy 

They are blue, very volatile bodies, of a sharp odour and are easily decomposed. 
Oxidation changes them into halogen-nitro-bodies (p. 182) ; with silver nitrite 
they give rise to the psewdonitroles (see below). 

mesO’Chloronitrosopropane, (CH3)2CC1*N0, b.p. 7°/18 mm., is formed from 
(CH3)2CN0H and NaClO. An excess of the latter forms chloronitropropane 
(p. 182). Bromonitrosopropane, b.p. 41-5°/161 mm. Bromonitrosobutane, 

C2H5C(CH3)Br*NO, b.p. 28°/15 mm. Bromonitrosodimethylbutane, (CH3)3C*- 
C(CH3)Br*NO, m.p. 120°, with decomposition, form sky-blue crystals which can 
be sublimed. 

OLOL-Chloronitrosoethane, CHsCHChNO, m.p. 65°, is prepared from acetaldoxime 
in hydrochloric acid solution and chlorine. It changes on fusion from colour- 
less (dimolecular) plates, to a blue (monomolecular) liquid. This soon becomes 
colourless, owing to an isomeric change to acetohydroxamyl chloride (g^.v.) which 
yields aaa-dichloronitrosoethane, CHa-CCig'NO, a blue-coloured oil, b.p. 68°, by 
the fiirther action of chlorine (Ber, 35, 3113). 
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Pseudx)Nitroles or weso-Nitronitrosoparaffins 

As already described, the jpsewdonitroles are prepared : 

(1) By the action of nitrous acid on aec.-nitroparaffins (p. 180) ; 

(CH3)iiCH-(NO,) + NO-OH = (CH,)jC<^3* + H^O. 

(2) From me^o-halogen-nitrosoparaffins and silver nitrite (Ber. 35, 3093) : 

(CH3 ),C<®'o + AgNO. = (CH3)3C<^g» + AgBr. 

(3) By the action of N2O4 on the ketoximes, which is the simplest method of 
preparation (Ber. 34, 1911) : 

4(CH3)3C : NOH + 3N3O4 = 4(CH3)3C<^^» + SH^O + 2NO. 

The pse?/donitroles are pungent, colourless crystalline substances, dimolecular 
when in the solid state. On melting or solution they change into the deep -blue 
monomolecular form (Ber. 35, 3094). They possess a neutral reaction, and are 
insoluble in water, alkalis, and acids. Chromic acid oxidizes them in glacial 
acetic acid solution to dinitro -compounds. Reduction with hydroxylamine in 
alkaline solution changes the psewSonitroles into ketoximes (Ber. 29, 88, 98). 

Propyl^seudonitrole, nitronUrosopropanet (CB[3)2C(N02)N0, m.p. 76®, with 
decomposition, is changed by KEgOH into tetramethyldinitroazoxymethane, 
0=N-C(N02)(CH3)2 

J) (Ber. 34, 1913) ; butylpseudonitrole, pp-yiitronitrosobiitane, 

N-C(N02)(CH3)3 

m.p. 58®. For the higher homologues, see Ber. 29, 94 ; 35 , 3095. 


Nitrolic acids 

As has already been described (p. 180), the nitrolic acids result from (1) the 
action of nitrous acid at the moment of its formation on the primary mononitro- 
compounds. (2) A more direct reaction is that of a-i^onitrosocarboxylic acids 
with N2O4 during which CO2 is eliminated (C. 1903, II. 937) : 

^NOH xNOH 

HCf + N2O4 = HCf + CO2 + HNOa. 

\C00H \n02 

(3) They can also be obtained from dibroraomononitroparaffins and hydro- 
xylamine : 

/NO2 

CHsBra-NOg + NH2OH = CHs-CC + 2HBr. 

^NOH 


These methods of formation represent the nitrolic acids as nitro-oximes, but 
their coloured salts are more probably derived from the tautomeric nitrosowonitro 
compounds, R-C(NO) : NO^OH. 

The nitrolic acids are solid, crystalline, colourless, or faintly yellow-coloured 
bodies, soluble in water, alcohol, ether, and chloroform. They are weak acids, 
and form very explosive salts with alkalis, yielding at the same time a dark-red 
colour. The erythronitrolic acid salts are changed by the action of sunlight 
and of heat to the colourless leueo-nitrolic acid salts from which the nitrolic acid 
cannot be regenerated (Ber. 31 , 2854). They are decomposed into hydroxylamine 
and the corresponding fatty acids by tin and hydrochloric acid. When heated 
with dilute sulphuric acid they split up into oxides of nitrogen and fatty acids. 
They are converted into esters when treated with acid chlorides (Ber. 27, 1600 : 
29, 1218). For further reactions, see the derivatives of the fatty acids. 

Methylnitrolic acid, CH(N02) : NOH, m.p. 68® (dec.). Ethylnitrolic acid, 
m.p. 88® (dec.). PropylnitroHc acid, m.p, 60® (dec.). 

Nitroalkylesonitramines, svLch&snitroethylisonitramim, CH3CH(N02)N202H, 
result from the passage of NO into an alcoholic solution of an aliphatic mononitro- 
body, containing sodium ethoxide (Ann, 300, 106). 

Diisonitraxnines, such as methyhne diisonitramim, CH2(N202H)2, result 
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from the action of NO, in the presence of sodium ethoxide, on an alcoholic solution 
of a ketone which contains the CO group attached to a methyl or methylene 
group (Ann. 300, 81). 


A 3. DINITROPARAFFINS 

There are three classes of dinitroparaffins ; the two nitro -groups may be 
joined — 

(1) to one terminal carbon atom : (m-dinitToparaffina or primary dinitro- 
compounds ; 

(2) to an intermediate carbon atom: mesodinitroparaffins or secondary 
dinitro -compounds ; 

(3) to two different carbon atoms. 

These three classes, according to the position of the groups, bear the same 
relations to aldehydes, ketones, and glycols as do the mononitroparaffins to the 
alcohols : 


CHgOH 

CHO 

1 

CO 

A 

/CHjOH 

CH/ 

NdHjOh 

CH3 

CH, 

CH,CH, 

CHoNOa 

CH(NO,), 

C(NO,), 

/CH,NO, 

CH,/ 

X3H,NO, 

1 

CH* 

CH, 

CH3CH3 


Notwithstanding these points of relationship, it is practicable to discuss the 
dinitropaxafifins after the bromonitro- and nitrosonitro-bodies (psewdonitroles). 

Formation. — (1) By the oxidation of the paeudomttole^ with chromic acid 
msisodinitroparaffins are produced ; 

(CH,),C<^3* ^ (CH,),C<|gj. 

(2) They result from the interaction of potassium nitrite and the bromo- 
nitroparafS^ : 

CHsOH< 3 g‘ + KNO, = + KBr. 

(3) By the action of concentrated nitric acid on 

(a) secondary alcohols, 

\h) ketones, 

(c) mono-alkyl acetoacetic esters, 

the carbon chain is torn asunder and aa-dinitroparaffins are formed (C. 1901, 
11. 334) : 

^ CH3-CH(N02)2 
CH3*CH(NOd2 

CH3C0-CH(C2H5)C02C2H5 ^ CHa CHa-CHfNOs)^. 

The action of alkyl iodides on the salts of the primary dinitroparaffins results 
in the production of mesodinitroparaffins (comp. Ann. 280, 282). 

(4) By the oxidation with nitric acid of saturated monocarboxylie acids, 
containing a tertiary carbon atom ; feobutyric and teovaleric acids yield nieao- 
dinitropropane : 

(CH3)3CHC02H >■ (CH3)3C(N03)2 (CH3)3CH-CH3-C03H. 

The primary dinitro -bodies are acids in which the group CH(N02)2 changes 
into C(N02) : NOOH. The primary and secondary classes lose hydroxylamine 
when they are reduced with tin and hydrochloric acid. The former yield, at the 
same time, monocarboxylie acids, and the latter ketones (Ber. 23, 3494). 

Dinitromethanef CH3(N02)2, is a colourless volatile oil (Ber. 32, 624). acc-Di- 
nitroethane, CH 8 CH(N 02 ) 2 , b.p. 185-186° ; aa-dinitropropane, 
b.p. 189° ; cioL-dinitrohexane, b.p. 212° ; ^^-dinitropropane, CH8C(N02)2CH3, 
m.p, 63°, b.p. 185*5° ; ^^-dinitrobutane^ CH3CH2C(N02)2*CH3, b.p. 199°. For 
higher homologues, see Ber. 29, 95. 

iert.-Dmitroparaffins are obtained by the action of finely divided silver on 
the me^obromonitroparaffins (p. 182) ; 

2R20(N0t)Br + 2Ag R,C(N0a)-C(N02)R, + 2AgBr. 
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^y~DinitrO’^y’dimethylhutane, (CH3)2C(N0g)*G(N02)(CH3)2, m*p. 211°, can be 
obtained by heating diisopropyl with dilute nitric acid (comp, also p. 178) ; and 
by electrolysis of the potassium salt of sec.-nitropropane. yh-Dinitro-yh-dU 
methylhexane, m.p. 80°, is prepared from jSjS-bromonitrobutane (C. 1907, I. 
230). oiyDinitropropane, NOgCHgCHgCHgNOg, is obtained as an unstable 
oil from trimethylene iodide and silver nitrite. (xh-Dinitrodiisohutyl, NOgC- 
{CH3)2CH2CH2C(CH3)2N02, m.p. 125°, is prepared from diisobutyl by heating it 
with dilute nitric acid. a^-DinUrodiisoamyl, (CH3)2C(N02)[CH2]4C(N02){CH3)2, 
m.p. 102°, is similarlj^ prepared (Ber. 25, 2638: 28, 1858: C. 1906, II. 312 et 
seq,). These dinitroparaffins yield the corresponding diamines when reduced. 

Halogendinitroparaffins . — Tetrachlorodinitroethane, NO gCCl g-CCl gNO 3 , is 
obtained from tetrachloroethylene and carefully dried nitrogen tetroxide (J. 
Phys. Chem. 23, 578). 

A 4. POLYNITROPARAFFINS 

Trinitrome thane, nitrojorm, CH(N02)3, m.p. 15°, was first prepared by 
the action of water on trinitroacetonitrile, which gave at the same time COg 
and ammonium isonitroform. It is also prepared from tetranitromethane by 
the action of alcoholic potassium hydroxide or ammonia with the simultaneous 
production of ethyl nitrate : 

C(N02)3'CN -f 2H2O = (N02)2C : NOONH4 + COg. 

C(N02)4 + CgH^OK =3 (N02)2C : NOOK+CgHsO-NOg. 

It also results from the interaction of acetylene (p. 110) and nitric acid. 

It forms colourless crystals, dissolving to a colourless solution in non-aqueous 
solvents, but turning yellow in water. The salts are also of a yellow colour, and 
are probably derived from ^^onitroform (N02)2C : NOOH (c/, p. 179). In non- 
dissociating solvents a colourless mercury salt, (NOg)3C‘|Hg, is formed, but in 
dissociating liquids this exists as yellow (N02)2C : NOO'^Hg (Ber. 38, 973). 
Thus, in water it assumes the iso- or aci- condition, and is a very strong mono -basic 
acid. 

Free trinitromethane is volatile in steam, and explodes violently on heating. 
The freshly prepared potassium salt explodes at 97-99°, and spontaneously 
decomposes, on keeping, in dry air. The ammonium compound crystallizes in 
yellow needles, and explodes mildly at 200°. The silver salt dissolves easily in 
water and in alcohol (Ber. 32, 628). 

Trinitroethane, CH3C (N02)3, m.p. 56°, is obtained from the silver compound 
of trinitromethane and iodomethane ; and also from methylmalonic acid and 
nitric acid. It is insoluble in water. Potassium hydroxide solution changes it 
into potassium dinitroethane, whilst potassium methoxide produces dinitroethyl 
methyl ether, CH30CH2CH(N02)2 (Ber. 36, 434). 

Chlorotrinitromethane, c/itorowfiro/om, CCl(N02)3,m.p. -f 4*5°, b.p, 32°/10 
mm., is obtained by passing chlorine into an ethereal suspension of potassium 
nitroform (Ber. 54, 1483). 

Bromonitroform, bromoirmitromethamf C(NOg)3Br, m.p. 12°, is produced 
when bromine and nitroform remain in contact for some days in the sunlight. 
A quicker method is to pass bromine into an aqueous solution of the mercury 
salt of nitroform. It can be obtained similarly to the chloro- compound. It 
is volatile in steam without decomposition, 

Tetranitromethane, {CN02)4, m.p. 13°, b.p. 126°, D.f = 1*65, is obtained 
from diacetyl orthonitric acid and acetic anhydride (Ber. 36, 2225) ; also by 
wanning nitroform with a mixture of fuming nitric acid and sulphuric acid. 
It is a colourless oil, insoluble in water, but easily soluble in alcohol and ether. 
It is very stable and distils without exploding. On the other hand, when mixed 
with other carbon compounds it explodes violently on ignition (c/. Z. angew. 
Chem. 33, 245 ; Chem, Ztg. 44, 497). The decomposition with sodium ethoxide 
sometimes takes place explosively (Ber. 46, 2537). 

With aqueous alkali, it decomposes either into the alkali salt of nitroform 
and a nitrate or into a nitrite and an alkali carbonate, according to the con- 
centration of the alkali. Constitution of tetfanUromeihayie, see Ber. 37, 1779; 
52, 490. 

With many unsaturated compounds and aromatic compounds, and with 
piperidine, tetranitromethane yields yellow to brown-red colorations, and can 
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be used as a reagent for detecting double bonds (Ber. 42, 4324 : pr. Chem. 

[2J 84, 489). In the presence of pyridine it can be used for the nitration of 
unsaturated side-chains (Ber. 55, 1751). 

Tetranitroethane is obtained as a dipotassium salt, KOON : C(N02)-C(N02) 
NOOK, from bromopiorin, CBr3N02, and potassium cyanide. It is decomposed 
by cold dilute sulphuric acid, forming dmitromethane (Ber. 35 , 4288). 

Hexanitroe thane, (N02)3C*C(N'02)3, m.p. 142® (partial dec.), is formed by 
the action of a mixture of nitric and sulphuric acids on potassium tetranitroethane. 
It explodes on rapid heating, but is insensitive to blows (Ber. 47, 961). 


B. AMINES AND ALKYLAMMONIUM DERIVATIVES 


Amines are substances formed by replacement of the hydrogen 
atoms in ammonia by alkyl groups. 

According as one, two, and three atoms are substituted, there 
result the 'prmary, secondary, and tertiary amines : 


/C2H3 

\h 

Ethylamine. 


\h 

Uiethylainine. 


/C2H3 

\h 


Methyl- 

ethylaittinc. 


/C,H5 

Triethylamine. 


/C,H, 

\CH, 

Methylethyl- 

propylamine. 


Among the secondary and tertiary amines, may be distinguished 
simple amines, those with similar alcohol radicals, and mixed amines, 
those containing different alcohol radicals (comp, simple and mixed 
ethers, p. 154). Derivatives also exist which correspond with the 
ammonium salts and hypothetical ammonium hydroxide, NH 4 OH : 

(C2H5),NC1. (C2H3)4N.0H. 

Tetraethylammoniuin chloride. Tetraethylammonium hydroxide. 

known as the quaternary alkylammonium compounds. In these 
compounds the group R 4 N* plays the part of an alkali metal, and 
by electrolysis of tetraethylammonium iodide in liquid ammonia at 
— 70°, Schlubach has obtained the free tetraethylammonium at the 
cathode. It forms deep-blue solutions in liquid ammonia, and be- 
haves very like metallic potassium (Ber. 54, 2811). 

Schlenk has prepared a new series of compounds by the action 
of sodium alkyls on tetramethylammonium chloride (Ber. 49, 603 : 
50, 274, 276) : 


R-Na + (CH3)4N-CI NaCl + (CH3)4N*R. 

In these compounds the radical R takes the place of the electro- 
negative chlorine, and the compounds behave as electrolytes in abso- 
lute pyridine and are hydrolysed by water according to the equation : 

R-NMe^ + H2O ^ R-H + NMe 40 H. 

This affords further evidence that the fifth valency in pentavalent 
nitrogen compounds is different from the other four, and, indeed, 
there is no evidence that nitrogen can ever have more than four 
covalencies.” The fifth must always be an electrovalency. 
Isomerism of amines . — ^The isomerism of the alkylamines depends 
on {a) the diferent combinations of alkyl groups attached to the 
nitrogen atom — “ metamerism ” — e.gr, diethylamine, (C 2 H 5 ) 2 NH, and 
methylpropylamine, (CHg){C 3 H 7 )NH, both with the same empirical 
formula, C 4 HxxN, and ( 6 ) isomerism within the various alkyl groups. 
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The tertiary amines containing three different alkyl groups have not 
been resolved into stereoisomeric forms, in spite of very numerous 
attempts (see Ber. 57, 1744). 

History ^ — ^The existence of alkylamines, or alcohol bases, was very definitely 
predicted by Liebig in 1842 (Hdw. 1, 689).^ In 1849 Wurtz discovered a method 
for the preparation of primary amines, which consisted in decomposing faocyanic 
esters with aqueous potassium hydroxide - This was a discovery of the greatest 
importance for the development of organic chemistry. Shortly afterwards, in 
1849, A. W. Hofmann, by the action of alkyl halides on ammonia, discovered 
a reaction which made possible the preparation of all the classes described in 
the preceding paragraphs : primary, secondn,ry, tertiary amines, and the allcyl- 
ammonium bases. This afforded the experimental basis for the introduction of 
the ammonia type into organic chemistry (comp. p. 22). Since that time numer- 
ous other methods have been found, particularly for the primary amines. 

Methods of Formation of Amines 

The principal methods of formation of amines fall into the four 
following classes : 

I. From alkyl halides (and other esters), the halogen atom 

being replaced by an amino group. 

II. By reduction of various nitrogen compounds. 

III. From tsocyanates or tsothiocyanates and alkalis. 

IV. Various other methods. 

I. Frcm Alkyl Halides and other Esters 

(1) The iodides, the bromides, or the chlorides of the alcohol 
radicals are heated to 100®, in sealed tubes, with alcoholic ammonia 
(A. W. Hofmann, 1849). Two reactions occur here : first, the alkyl 
halides combine with the ammonia, forming alkylammonium salts, 
which are then partially decomposed by excess of ammonia into 
alkylamines, with which the alkyl halides again react, e.g, : 

NH, 

NHa + CsH5l=NH2(C2H,)HI ^ + NH^I. 

NHa 

NHAHs + C2H5l=NH(C,H5),HI + NHJ. 

NH, 

NH(C*H5)8 -1- C,H5l=N(C,H5)8HI > + NHJ. 

N(C,H5)3 + 

The final product consists of the hydroiodides of primary, second- 
ary, and tertiary amines, as well as the quaternary ammonium com- 
pounds. The amines are best obtained on a large scale by the action 
of ammonia on the alkyl bromides (Ber. 22, 700). 

Potassium and sodium hydroxides decompose the salts of the 
alkylamines, with the liberation of the free bases, whereas the qua- 
ternary tetra-alkylammonium salts are not decomposed by alkali 
hydroxide, and can thus be easily separated from the primary, 
secondary, and tertiary amines (Ber. 20, 2224). 

It is remarkable that the iodides of primary and secondary alkyl 
ra<Bcals yield amines, whilst the tertiary alkyl io^des split off hydrogen 
iodide and pass into olefines. On the further all^lation of primary 
and secondary amines by means of alkyl bromides, see Ber. 38, 1539. 
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(2) The ^Urs of nitric acid, when heated to 100® with alcoholic 
ammonia, react in a manner analogous to the alkyl iodides : 

CgHg-O-NOg -f NHa - C.Hj-NHa + HNO3. 

This reaction is often very convenient for the preparation of the 
primary amines (Ber. 14, 421). 

(3) Tertiary amines are produced when primary and secondary 
bases are heated with an excess of potassium methyl sulphate (Ber, 
24, 1678) : 

(C2H5),NH + CHaOSOgK = + HOSO3K. 

(4) Mono-, di, and tri-alkylamines are obtained by directly heat- 
ing the alcohols to 250-260° with zinc-ammonium chloride, ZnCl 2 'NH 3 
(Ber. 17, 640). 

(5) The methylation of ammonia and amines can easily be carried 
out by means of two reagents — dimethyl sulphate (p. 167) and form- 
aldehyde (p. 223) (comp. Ber. 38, 880 : Ann. 327, 104 : C. 1906, 
II. 1716), e.g. * 

NH3 + (CH3)aS04 ► NHa-CHs -f HCCHalSO^. 

120 ® 

2NH4CI + 9CH2O 2N(CH3)8-HCI -f SCOa + 

(6) By the use of phthalimide. — Phthalimide (see Vol. II) forms a 
potassium derivative, which, when acted on by an alkyl halide, readily 
yields N -alkylphthalimides. These are readily hydrolysed into 
phthahc acid and the required primary amine. This method is a 
useM one for preparing pure primary amines, unmixed with secondary 
(Gabriel, Ber, 20, 2224 : 24, 3104). 

C.H,<gg>NH C.H 4 <®g>NK > C 4 H 4 <gg>NR 

C.H4<ggg| + NH4R. 

II , By reduction of various Nitrogen Compounds 

(7) Nitro compounds, — Amines are formed by the reducing action 
of nascent hydrogen, from zinc and hydrochloric acid on the nitro- 
paraffins (p. 180), when the alkyl hy^oxylamines appear as inter- 
mediate products, or on the halogen mononitroparaiiins : 

CH3NO2+ 4H = CHsNHOH + HgO. 

CHa-NOa + 6 H = CHa'NHg + 2H2O. 

CCI3NO2 + 12 H = CH3NH2 + 2H2O -f 3 HCL 

This method is particularly important in the manufacture of commercially 
valuable primary aromatic amines — e,g, aniline, CeHgNHa — from the readily 
accessible aromatic nitro -bodies. Zinin discovered the method when investigat- 
ing the reduction of nitrobenzene, CgHgNOa, and F. Meyer applied it to the 
aUphatic nitro -derivatives. 

The isomeric nitrites are not reduced, but hydrolysed, by this method. 
However, by leading their vapour mixed with hydrogen over heated finely- 
divided nickel they axe reduced to amines, probably undergoing previous iso- 
merization to nitro-compounds (Ann. Chim. Phys. [8] 25 , 125 ). 

(8) Azcmethine ( — C ; N — ) compounds, — (a) From aldehyde-alkyl- 
imines with sodium in absolute alcohol (Ber. 29, 2110 : 43, 2031). 

R-CH : NR' -f 2 H R^CHa-NHR' 
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(6) From aldehyde-ammonias, by zinc dust and HCl (Ber. 27, R. 
437). 

(c) From phenylhydrazones (Tafel) and oximes (Goldschmidt) of 
aldehydes and ketones by sodium amalgam and glacial acetic acid 
(Ber. 19 , 1925, 3232 ; 20, 505 : 22, 1854). 

ER'C : N-NHCsHs > RR'CH-NHj + CeHjNHj 

RR'C : NOH >■ RR'CH-NHa 

Reaction (a) yields secondary amines, whilst (6) and (c) give rise to priinary 
amines, together with some secondary and tertiary amines. The above reactions 
can be carried out with molecular hydrogen in presence of finely divided nickel or 
copper (C. 1905, II. 540) ; also by electrolytic hydrogen in acid solution (Ber. 
42 , 3994). 

(9) Nitriles. — ^These can be reduced to amines by means of sodium 
and alcohol (Ber. 18, 2957 : 19, 783 ; 22, 1854) or catalytically by 
hydrogen and palladium or nickel (Ber. 56, 1988). 

CHjCN + 4H >■ CH3CH2NH2 

Acetonitrile Ethylaniine. 

(methyl cyanide). 

Secondary and tertiary amines are also produced as by-products. This 
reaction forms an important step in the synthesis of a carbon compound con- 
taining I carbon atoms from one containing n. 

(10) Acid amides and thioamides. — ^The amides can be reduced by 
sodium and boiling amyl alcohol (C. 1899, II, 703) and the thioamides 
by aluminium amalgam in alcoholic or ethereal solution (Ann. 431, 
190): 

R-CO-NHa -f 4H H^O + R-CHa-NH^ 

IIL From isocyanates and i&othiocyanates 

(11) Alkyl isocyanates or isoihiocyanates when heated with alkalis 
yield pure primary amines {Wurfz, 1849) : 

R'N : CO + 2KOH ^ R-NH, -f K^COg 

R*N : CS + 3KOH R-NHg KSH -h K2CO3. 

Alcohols can be conveniently converted into the corresponding pure primary 
amine by converting them into the iodide, treating this with silver cyanate, and 
then distilling the product with solid sodium hydroxide from the oii-bath (Ber. 
10 , 131). 

(12) Carbylamines (isonitriles) also yield amines when heated with 
dilute hydrochloric acid, formic acid being split off (A. W. Hofmann) : 

R-NC + 2HoO R-NH. + H-COOH. 

IV. Various other methods 

(13) From amino-acids. — ^Amino-acids are broken down with the 
formation of amines when they are heated with baryta. The forma- 
tion of amines from amino-acids by the action of various micro- 
organisms is of great importance : 

R-CH(NH2)-C00H ^ R-CHa-NH. -f- COg. 

(14) From aromaiic ‘p-niirosamines, — ^The decomposition of the 
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secondary and tertiary aromatic ^J-nitrosamines into salts of iiitroso- 
phenol (q.v.), by means of potassium hydroxide, affords a means of 
preparing primary and secondary amines ; 2^-nitrosodimethylaniline 
yields dimethylamine : 

NO-CeH^-NCCHs)^ + KOH = -f NO-CeH^-OK. 

(15) From acid amides. — ^The conversion of the amides of the 
mono-carboxylic acids into amines containing an atom less of carbon 
{A. W. Hofmann, Ber. 18, 2734 : 19, 1822), can be effected by means 
of potassium hydroxide and bromine. 

This reaction constitutes an intermediate step in the decomposition 
of the saturated mono'carboxylic acids, because the primary amines 
can be changed to alcohols, and the latter be oxidized to carboxylic 
acids, containing an atom less of carbon than the fatty acids, whose 
amides constituted the parent substance. 

The reaction proceeds in four stages. The first is the formation 
of the bromoamide ” of the fatty acid. The second stage is the 
formation of an unstable intermediate compound, which (III) under- 
goes isomerization leading to the formation of an alkyl isocyanate, 
which, lastly, is broken down by excess of alkali into the primary 
amine and potassium carbonate (Ber. 35, 3579 : J. pr. Chem. [2] 73, 
228 : C. 1903, I, 489) : 

I. C 2 H 5 CONH 2 + Bra -f KOH = CgHgCONHBr + KBr + H^O. 

II. CaHsCONHBr -f- KOH = C 2 H 5 *CON< + KBr -f HgO. 
in. C 2 H 5 ‘C 0 N'< isomerizes to CgHg-N : C : O. 

IV. C 2 H 5 NCO + 2KOH = CaHfiNHg + K 2 CO 3 . 

The bromoamide and the alkyl isocyanate can both be isolated under special 
conditions. 

If one molecule of bromine acts on two of the amide, compound ureas (y.w.) 
are formed — acetamide yields acetyl monomethyl urea. 

The amides of the fatty acids containing more than 5 C*atoms yield at the same 
time an increasing quantity of the nitrile of the next lower acid, e.g. CgHj^CONHj 
gives C 7 Hi 5 *CN. If, however, the higher bromamide or chloramide is converted 
by sodium methoxide into the corresponding urethane and the latter is hydrolysed, 
a good yield of the higher primary amine is obtained (Ber. 30, 898 : C. 1899, II. 
363). 

(16) Frcm acid azides. — Similar, too, is the formation of primary 
amines from acid-azides and alcohol. The corresponding acid is con- 
verted into its ester, the ethoxy-group is then replaced with (NH-NHa) 
by means of hydrazine hydrate, the d^oid-hydrazide, R*CO*NH*NHa, 
is changed by nitrous acid into the azide R-CONg, which is boiled 
with water or alcohol, and the resulting urea or urethane acted on 
with concentrated hydrochloric acid, when the alkylized base is 
liberated {Curtins, Ber. 27, 779 : 29, 1166), An tsocyanate is a 
probable intermediate compound in this reaction also. 

CjHeOH HCl 

R-CO-Ng > R^NH-CO-OCgHg > R-NHg. 

(17) From hetoximes. — ^Wheii the oximes of ketones are treated 
with certain reagents, such as acetyl chloride, they undergo an intra- 
molecular rearrangement with the formation of a substituted acid 
amide. This can be hydrolysed to yield the corresponding primary 
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nminfi (Bet. 42, 2340 I 44, 1207). The mechanism of this “Rec*- 
rmnn tmnsformaiion ” is discussed on p. 268. 

CjHjCCHj O : CCHa HOCOCH, 

II > I >■ + 

NOH CjHjNH CsHjNHa. 

Methyl propyl Aeetpropyl- Propylamine, 

ketoxime. amide. 

Another related reaction is the transformation of hydroxamic 
acids (compare Benzhydroxamic acid, Vol. II). 


Properties and Reactions of the Amines 

The amines are very similar to ammonia in their behaviour. The 
lower members are gases, possessing an ammoniacal odour, and are 
very readily soluble in water. Their combustibility distinguishes 
them from ammonia, a property to which Wurtz drew attention in 
connection with ethylamine (Ber. 20, R. 928). The higher members 
are liquids, readily soluble in water, and only the highest dissolve 
with difficulty. Many amines possess the power of formmg hydrates 
with water, accompanied by very considerable rise in temperature. 
They can be dried over potassium carbonate. Most of the oily 
hydrates contain one molecule of water for each nitrogen atom. 
This can only be removed by means of potassium hydroxide (Ber. 
27, R. 579), or by distOlation over barium oxide. Like ammonia, 
they unite directly with acids to form salts, which differ from am- 
moniacal salts by their solubility in alcohol. They combine with 
some metallic chlorides, and form compounds perfectly analogous to 
the ammonium double salts ; e.g . : 

[N(CH3)H3C132PtCl4. N(CHg)H3Cl,AuCl3. [N(CH3)3HCllHgCV 

The compounds with picrolonic acid, picric acid and other aromatic 
poly-nitro compounds are of importance, and are frequently of value 
in the identification of amines. 

The ammonia in the alums, the cuprammonium salts and other 
compounds may be replaced by amines. 

The dissociation constant of the amines is greater than that of 
ammonia, and increases with the number of alkyls introduced (J. pr. 
Chem. [2] 33, 352 : Ann. 345, 256 : Z. physik. Chem. 77, 385 : 
J.C.S. 101, 1635). 

The reactivity of the primary and secondary amines, as compared 
with the tertiary amines, is dependent on the ease with which the 
ammonia hydrogen atoms, not substituted by alcohol radicals, are 
mplaced ; hence, the primary and the secondary amines in many 
reactions behave like ammonia. 

A primary amine is distinguished from a secondary amine, and this 
from a tertiary amine, by treating the amine alternately with iodo- 
methane and potassium hydroxide until all the hydrogen atoms in the 
ammonia present are replaced by methyl groups. Whether the latter 
have entoed, and what their number may be, is most conveniently 
determinoi by the analysis of the platinum double chloride of the 
base previous to and after the action of the iodomethane. If two 
methyl groups have entered, then the amine was primary ; if one 
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methyl group has entered, then the base was 'secondary ; and should 
the base remain unchanged, then it is tertiary in its character. 

Tertiary, secondary, and primary amines may also be obtained by 
the dry distillation of the halogen salts of the ammonium bases, such 
as the methylammonium hydrochlorides ; 

N(CH3)4C1 = N(CHs)3 + CH3CI 

N(CH3)8HC1 = NHCCHa)^ + CH3CI 
NH(CHs)2HC1 = NH 3 (CH 3 ) + CH3CI, etc. 

These reactions serve for the commercial production of methyl 
chloride (p. 164) from trimethylamine. 

Reactions 

(1) Primary and secondary amines, like ammonia, react with 
acid esters, forming acid mono- and di-alkyl amides (g.u.) and alcohols. 
A, W. Hofmann based a method for the separation of primaiy, 
secondary, and tertiary amines upon their behaviour towards diethyl 
oxalate (Ber. 8, 760). 


The mixture of the dry bases is treated with diethyl oxalate, when the primary 
amine, e.g» methylamine, is changed to dimethyloxamide, which is soluble in 
water, dimethylamine is converted into the ester of dimethyloxamic acid (see 
oxalic acid compounds), and trimethylamine is not acted on ; 


2NH3(CH3) -f- 


COO-CaHs 

COO-CoHs 


Diethyl oxalate. 


CONH-CHg 

’ CONH-CHa 
Dimethyloxaznide. 


2C2H5OH. 


NH(CH,), + 


?00-CA^COO-C.H. 
COO-C,H. CON(CH3)a 


Dimethyloxamic ester. 


“When the reaction-product is distilled, the unaltered trimethylamine passes 
over. Water will extract the dimethyloxamide from the residue ; on distillation 
with potassium hydroxide it changes into methylamine and potassium oxalate : 


CONH-CHa 

CONH-CH3 


-f 2KOH = C2O4K2 -f 2NH2(CH3). 


The insoluble dimethyl oxamic ester is converted, by distillation with potas- 
sium hydroxide, into dimethylamine ; 


+ C.H3-0H. 

V/UJN (L»±i3}2 

The behaviour of the primary and secondary amines towards formaldehyde 
can be utilized for their separation from one another (Ber. 29, R. 520). 


{2a) The secondary aliphatic amines, e.g, diethylamine (also 
piperidine), are readily acted on by a series of non-metallic chlorides, 
non-metallic oxy- and sulpho-chlorides, as well as chlorides of inorganic 
acids. The dialkylamine residue replaces one or all of the chlorine 
atoms. The products are dialkyl amides (Ber. 29, 710). 

Thionyl chloride replaces both the hydrogen atoms in primary 
amines by the thionyl residue, with the production of thionyfitmines, 
the alkylated imides of sulphurous acid (Michaelis), which bear the 
same relation to sulphur dioxide that the isocyanic esters do to carbon 
dioxide. 

Nitrosyl chloride, NOCl, and nitrosyl bromide, NOBr, produce 
from primary amines alkyl chlorides and bromides, with the formation 
VOL. I. o 
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of water and nitrogen ; under similar treatment secondary amines 
yield nitrosamines (C. 1898, II. 887 : Ber. 40, 1052). 

The following arrangement, taking diethylamine as example, affords 
a review of these reactions : 


SCI 

SCI 

SCI2 - 
SOCI2 

SOgCl^* 

NOCl - 
PCI3 . 

POCia 

PSCia - 
BCI3 ■ 
SiCl4 . 


S N(C2H5)2 Dithio -diethylamine. 

S— N(C2H5)2 

Monothio-diethylamine. 

^ SON{C2H5f ^ Thionyl-ethylamine. 

^ Thionyl-diethylamine. 

Sulphuryl- or Sulpho -diethylamine. 

-">N0-N(C2H5)2 Nitroso-diethylamine. 

-»• PClgNjCgH 5)2 Diethylamine-chlorophosphine. 

< POCl2N (C2H5)2 Diethylamine-oxychlorophosphine. 

PO[N (CgH slah Tridiethylamine-phosphine-oxide. 

— PSCI2N (C2H5)2 Diethylamine-sulphochlorophosphine. 
-> BCI2N (626 5) 2 Diethylamine-chloroboride. 

-> SiCl3N(C2H5)2 Diethylamine-chlorosilicide. 


(25) Primary and secondary amines behave like ammonia towards 
organic acid chlorides — e.gf. acetyl chloride — ^forming mono- and di- 
al%l amides. 

The reaction proceeds twice as fast in the case of the primary 
amines as in that of the secondary. 


Primary, secondary, and tertiary bases can be separated from each other by 
means of benzene sulphochloride, CgHs'SOgCl. In the presence of alkalis tertiary 
amines do not react ; under similar conditions secondary amines yield insoluble 
di-alkylsulphonamides, 0«H5S02NR2» whilst primary amines form mono-alkyl- 
sulphonamides, C3H5SO2NHR, winch yield soluble sodium salts C6H5S02*NNaR 
with aqueous sodium hydroxide, but which are insoluble when produced by 
metallic sodium imder ether. Dibenzenesulpho-alkyl amides (CeH5S02)2NR 
occur subsidiary products which form similar sodium salts C3H5S02N-SraR 
when warmed with sodium alcoholate (Ber. 38, 908; C. 1906, II. 15). 


(2c) The primary and secondary amines react similarly with 
2 : 4-dinitro-hromobenzene or 2 : 4 : 6-trinitrochloro-benzene as with 
acid chlorides (Ber, 18, R. 540), giving rise to di- and trinitrophenyl 
alkyl- and di-alkylamines. 

(3) Primary and secondary amines combine with many inorganic 
and organic acid anhydrides — e.g, sulphur trioxide, acetic anhydride 
— ^to form amide-acids and acid amides. 

(4) The behaviour of the amines towards nitrous acid is very 
characteristic. Primary amines are changed, at least in part, by this 
acid into their corresponding alcohols (p. 131) ; 

C2H5NH2 + NO OH = C2H5OH -f N2 + H2O. 

This reaction corresponds with the decomposition of ammonium nitrite 
into water and nitrogen : 

NH3 + KO-OH = H2O + Na + HjO. 

The alkylammonium nitrites which are formed as intermediates 
are only stable at very low temperatures (J.C.S. 105, 1270). 

In this reaction, intramolecular changes sometimes take place 
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leading to the formation of secondary and tertiary alcohols instead 
of the expected primary one (Ber. 24, 3350 : 26, 2440 : Ann. 353, 
331 : C. 1908, I. 222). 

Nitrosyl chloride and bromide react with primary amines and 
give rise to alkyl chlorides and bromides (comp. p. 194). 

Nitrous acid converts the secondary amines into nitroso-amines 
{iiitrosaminea) (p, 201) : 

{CH3)2NH -f NO«OH = (CH3)2]Sr-NO + H^O 
XitrosO'dimethylaraine. 

whereas the tertiary amines remain unaltered or undergo decomposi- 
tion. Indeed, these reactions may be utilized in the separation of 
the amines, but naturally the primary amines are lost. 

(5) Another procedure, resulting in a partial separation of the 
amines, depends on their varying behaviour towards carbon disul- 
phide. The free bases (in- aqueous, alcoholic, or ethereal solution) 
are digested with CS 2 , when the primary and secondary amines form 
salts of alkyl dithiocarbaminic acid {q-v,), whilst the tertiary amines 
remain unaffected, and may be distilled off. On boiling the residue 
with HgCl 2 or FeClg, a part of the primary amine is expelled from 
the compound as mustard oil (A. W. Hofmann, Ber. 8, 105, 461 : 
14 , 2754 : and 15 , 1290). 

(6) A marked characteristic of the primary amines is their ability 
to form carbylamines (q.v,)^ which are easily recognized by their odour, 
when heated with chloroform and alkali {A, W. Hofmann, Ber. 3, 
767). 

(7) By the action of Cl, Br, or I alone or in the presence of alkali 
hydroxide, primary and secondary amines yield halogenalkylamines, 
e.g, R-NHBr. 

(8) Alkyl magnesium halides (p. 220) react with primary and 
secondary amines, generating methane and forming RNHMg l and 
RgNMgl ; with tertiary amines a certain proportion of addition 

compounds is formed 

(9) Oxidation produces varying results. Alkaline permanganate 
easily attacks all the amines ; acid permanganate is less active, but 
still oxidizes with a velocity of reaction varying according to the 
structure of the amines, and produces ammonia, aldehyde, carboxylic 
acids and other bodies (Ber. 8, 1237 : Ann. 345, 251). 

In the presence of copper powder, oxygen acts on methylamine 
and ethylamine, producing formaldehyde and acetaldehyde respec- 
tively, together with ammonia (Ber. 39, 178). 

The various classes of amines can be characterized by their be- 
haviour with hydrogen peroxide and persulphuric acid (Ber. 34, 2499 : 
36, 701, 710). 

(a) Primary amines, KNHj, and persulphuric acid yield various products 
according as R is a primary, secondary or tertiary alkyl radical. The first stage, 
however, in all cases is the formation of alkylhydroxylamines RNHOH (p. 204), 
which are further oxidized to varying results. Alkylamines with pritnaTy alkyl 
groups yield, together with other bodies, hydroxamic acids (g.-y.), easily detected 
by the red colour obtained with ferric chloride ; alkylamines containing aecoiidary 
groups give ketoximes (p. 182), and with tertiary alkyl groups yield nitroso- 
par^^Sns (p. 188). 
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(6) Secondary amines RgNH yield di-alkylhydroxylamines RgK'OH with 
hydrogen peroxide. 

(c) Tertiary amines and hydi-ogen peroxide produce trialkylamine oxide 
hydrates R3N(OH)2 (p. 200). 

With hydrogen peroxide in the presence of ferrous sulphate, 
primary amines are converted imder mild conditions into the corre- 
sponding aldehyde (Biochem. Z. 71, 169). 

(10) Tertiary amines form addition compounds with acid chlorides. 
Such a compound, is very labile, from which the acyl 

group is separated in the form of condensation products (Ber. 39, 
1631), or, when in presence of alcohols or amines, as acyl esters or 
acyl amides (Ber. 39, 2135), together with the formation of tri- 
alkylamine hydrochlorides. 

Cyanogen bromide also forms labile addition compounds with the 
trialkylamines, which immediately decompose into alkyl bromides 
and ^alkylcyanamides, from which secondary amines can be pro- 
duced. These reactions constitute a method of passing from the 
tertiary to the secondary amines (Ber. 38, 1438). Similarly, hypo- 
chlorous acid and trimethylamine form dimethyl chloroamine (CH 3 ) gNCl 
(comp. Ber. 38, 2154). • 

Bromine and iodine also yield addition compounds with tertiary 
amines (Ber. 38, 2715, 3904). 


(a) Amines and Ammonium Bases with Saturated Alcohol 

Radicals 

(1) Primary Amines 

Methylamine, CHa’NHg, b.p. — 6®, occurs in mermrialia perennis and annua, 
in bone-oil, and in the distillate from wood. It is produced from the methyl 
ester of isoeyanic acid, by the reduction of chloropicrin, CCls(NOa), and hydro- 
cyanic acid, and by the decomposition of various natural alkaloids, such as 
c^eine, creatine, and morphine. The best way of preparing it is by warming 
acetbromoamide with potassium hydroxide (p. 191), or by the action of dimethyl 
sulphate (p. 167) on 10 per cent, ammonia at 0® (C. 1906, 11. 1711). Preparation 
0/ pure me^yJamine, free from ammonia, see J.C.S. 1931, 1477. 

Methylamine is a colourless gas, with an ammoniacal odour. Its combusti- 
bihty in the air and the lack of solvent action of its aqueous solution on the 
oxides of cobalt, nickel, and cadmium distinguish it from ammonia. At 12® one 
volume of water dissolves 1150 volumes of the gas. Anhydrous lithium chloride 
absorbs considerable quantities of methylamine (C. 1898, II. 970), which also 
unites with silver chloride to form CHaNHg-AgCl (C. 1897, I. 1156). 

Methylammonium salts ; chloride, m.p. 210® : picrate, m.p. 207®, dissolves 
with difficulty : nitrite, from the hydrochloride and silver nitrite, forms greenish- 
yellow, very deliquescent crystals, which decompose on warming into methyl 
alcohol, nitrogen and water (J.C.S. 99, 1016: 101, 612). 

Ethytomine, CgH-aNHg, m.p. -84®, b.p. 18®; Dg = 0-696, is a mobUe 
iiqmd, which mixes with water in all proportions (Ber. 33, 638). It eamels 
ammonia from ammoniacal salts, and when in excess redissolves aluminium 
hydroxide ; otheirwise, it behave in every respect like cimmonia. Heated with 
podium it becomes converted into potassium ethylamine CgHgOTK (C. 1897, 
X. 1157). 

Phtinichhride, m.p. 215® (dee.). 

Prc^ylamine, CjHjNHj, b.p. 49°. tsoPropylamine, CaHjNHs. b.p. 32°, 
prepared by reduction of aoetoxiine, (CH,)C ; NOH 

But3iaBaat».-~a-Butslatmne, C4H.NH1, b.p. 76°, and iaobnoylamine, b.p. 68°. 
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occur ill fermentation butyl alcohol. seo.-Butylaminet C 2 H 6 CH{CH 5 )NHa, b.p. 
63°, is obtained in its dextro-rotatory form [ajo -f 7*44° from the oil of CocMearea 
officinalis (Ber. 36, 582). tert.-Bviylamine, b.p. 43°. 

Amylamines. — n-J-wyZawme, CH 3 {CH 2 ) 4 NH 2 , b.p. 103°, isoamylaminCi b.p. 
95°, is obtained by distilling leucine with alkalis. It occurs in numerous plants, 
notably among the alkaloids of ergot and tobacco (Atti. R. Accad. Lincei [5], 
20, I, 614 : Arch. exp. Path und Pharm. 61, 113). It is soluble in water and 
burns with a luminous flame. Active-amt/^amme, b.p. 96°, [a]D — 5*86°, is 
obtained from active amyl alcohol by way of amylphthalimide (method 6) 
(Ber. 37, 1047). y-PeMytamine^ (C 2 H 5 ) 2 CH*NH 2 , b.p. 90°. 

Hexylamine. — y- Amino- ^p-ditnetkylhutane, Me 3 C*CH(NH 2 )*Me, b.p. 103°, is 
obtained from pinacolin oxime (C. 1899, II. 474). 

Heptylamine, (C 3 H 7 ) 2 CH-KH 2 , b.p. 130°. 

Nonylamines. — n-Nonylamine^ b.p. 195°, is difficultly soluble in water. 
p-AminononanCi CH 3 (CH 2 ) 7 CH(NH 2 )CH 3 , b.p. 69°/ll mm., from methyl heptyl 
ketoxime. Diisobutylcarhinylamins, ( 04 H 8 )aCH*NH 2 , b.p. 166°, from the corre- 
sponding ketoxime. 

n-Undecylamine, CH 3 (CH 2 )i(,lSfHa, m.p. 15°, b.p. 232°. p-Aminoundecane, 
b.p. 114°/26 mm., from methyl nonyl ketoxime (Ber. 36, 2554). 

«-Pentadecylamine, CH 3 (CH 2 )i 4 NH 2 , m.p. 36°, b.p. 299°, from the corre- 
sponding acid chloroamide. 

(2) Secondary Amines 

The secondary amines are also designated imine bases. 

Dimethylamine, NH(CH 3 ) 2 , b.p. 7-2”, is most conveniently obtained by 
boiling nitrosodimethylaniline or dinitrodimethylaniline with potassium hy- 
droxide (Ann. 222, 119). It is a gas that dissolves readily in water. It is 
condensed to a liquid by the application of cold. 

Diethylamine, NH(C 2 Hs) 2 , b.p. 56°, is a liquid, which is readily soluble 
in water ; hydrochloride, m.p. 76° ; picrcde, m.p. 155°. 

Di-n-propylamine, b.p. 110°. DKsopropylamine, b.p. 84° (Ber. 22, R., 
343). 

Mixed secondary amines are produced by methods Sa and 86. MethyU 
ethylaminc, b.p. 35°. Methyl-n-propylamine, b.p. 63°. Methyl-n-butylamine, 
b.p. 91°. Methyl-n-heptylamine, b.p. 171° (Ber. 29, 2110). 

(3) Tertiary Amines 

These were formerly called nitrile bases. 

Trimethylamine, N ( 0113 ) 3 , b.p. 35°, is isomeric with methylethylamine, 
C 2 H 6 ‘NH*X!Hs, and the two propylamines, C 3 H 7 *NH 2 . It is present in herring- 
brine, and is produced from betaine (^.v.). It is prepared from herring-brine 
in large quantities, and also by the distillation of the “ vinasses.” It is con- 
veniently obtained by heating ammonium chloride with formaldehyde (p. 189). 
Its penetrating, fish-like smell is characteristic. Hydrochloride, m.p. 271-275° ; 
picrate, m.p. 216°, is sparingly soluble (Ber. 29, R. 590). 

Triethylamine, N ( 02115 ) 3 , b.p. 89°, is not very soluble in water. It is 
produced by heating ethyl isocyanate with sodium ethoxide : 

CO ; N-CaHg -f 20*H6-ONa = ^(CaHfi)* + COslSTaa. 

(4) Tetraalkylammoninm Bases 

Whilst neither ammonium hydroxide nor mono-, di-, or tri-alkyl- 
ammoninm hydroxides have been prepared, yet, by the addition of 
the allsyl iodides to the tertiary amines, tetraalkylammonium iodides 
are produced ; these, when treated with moist silver oxide, yield the 
alkylammonium. hydroxides : 

N(C2H5)4l + AgOH = N(C2H5)4-0H + Agl. 

In the interaction of a methyl alcohol solution of tetramethyl- 
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ammonium chloride with a similar solution of potassium hydrox- 
ide, KCl is precipitated, and tetramethylammonium hydroxide, 
(CH3)4N0H, is formed. It exists as a pentahydrate, m.p. 63®, a 
tnhydratei m.p. 60®, and a monohydrate, which breaks down into tri- 
methylamine at 130-135° (C. 1905, II. 669). 

These hydroxides are perfectly analogous to those of potassium 
and sodium. They possess a strong alkaline reaction, saponify fats, 
and deliquesce in the air. They crystallize when their aqueous solu- 
tions are concentrated in vacuo. With the acids they yield ammonium 
salts, which usually crystallize well. 

On exposure to strong heat they break down into tertiary amines, 
and alcohols or their decomposition products (CnHgw and HgO) : 

N(C 2 H 5 ) 4 * 0 H - N(C 2 H 5)3 + C 3 H 4 4- H 2 O. 

This reaction is of especial importance as it is frequently used to 
open the ring of hydrogenated cyclic bases such as pyrrolidine and 
piperidine, the base being submitted to “ exhaustive methylation ” and 
the methylammonium hydroxide being then decomposed by heat. 
It is frequently used for the preparation of the more unstable un- 
saturated hydrocarbons (c/. Butadiene, p. 116). Under reduced pres- 
sure, the decomposition of the alkylammonium hydroxides takes place 
at an appreciably lower temperature. 

Tetramethylammonium iodide, and tetraethylammonium 

iodide, N(C2H5)4l, are prepared from iodomethane and tnmethylamine, and 
iodoethane and triethylamine respectively ; they consist of white prisms when 
crystallized from water or alcohol. 

Other salts of the tetraalkyl ammonium bases are only obtained with diffi- 
culty from the trialkylamines by addition, although sometimes the reaction of 
tertiary amines with dimethyl sulphate can be used with advantage for preparing 
methyl sulphuric acid salts R3C(CH3)OSOaCH3. The chlorides can be obtained 
by the edition of silver chloride on the iodides. 

On heating, the tetraalkylammonium chlorides decompose into trialkylamines 
and alkyl chlorides, the smaller alkyl group being split off as chloride in the 
case of mixed tetraalkyl derivatives (Ann. 382 , 2) ; 

e.g. NMeaEtjCl ^ NMeEtg -j- MeCl. 

Iodine Addition Products. — (C2H5)4NI*l2» (C2H5)4NI*2l2, and addition prod- 
ucts containing even more iodine, are precipitated by iodine from the aqueous 
solutions of the tetraalkylammonium iodides. 

Dimethyldiethylammonium iodide, (0113)2(02115)3^1, is obtained from 
dimethylamine and ethyl iodide, and from diethylamine and methyl iodide, 
methods of formation which should give rise to" two substances having as 
constitutional formulae : 

(CH3){CH3)(C2H5)N-C2H5l and (C2H5)(C2H5)(CH3)N.CH3l. 

An identical product is obtained by these two methods (Ann. 180 , 173). This 
shows that the compounds are not “ molecular compounds ” but that the four 
alkyl groups are attached to the nitrogen atom directly. The iodine, however, 
is attached by an electrovalency ” as opposed to the covalent ” links by which 
the alkyl groups are attached. The compounds prepared by Schlenk from 
sodium alibis and tetramethylammonium halides, of the type R*NMe4 are 
similar, in that four alkyl groups are attached by covalencies, the fifth (and 
only a limited number of hydrocarbon residues is capable of occupying this 
position), by an ionic linlung. Examples of this type of compound are triphenyU 
methyltctmmeihylammoninm, (CeH5)3C*NMe4, red crystals, with a metallic lustre, 
hydrolysed by water into triphenylmethane and tetramethylammonium hydroxide 
(Her. 49, 603) and benzyltutrameOiylanmomnm, CeH5CH2‘NMe4, a red powder 
(Ber. 50 , 274). Hydrazine derivatwes of the type R^N^NMe* have also been 
prepared (Ber. 50 , 276). 
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Optical resolution. — Quaternary ammonium hydroxides con- 
taining aliphatic and aromatic residues have been split into their 
optical isomers, but so far no base containing four aliphatic groups 
has been resolved. Phenylmethylethylallylammonium hydroxide 
(C 6 H 5 )(C 3 H 5 )NMeEtOH, for example, has been resolved (Ber. 32f 
3508 : 45, 2940 : see also J.C.S. 101, 519). 

(6) Unsaturated Amines and Ammonium Bases 

V'bujlamine, CHa — CH-NHg, has not yet been prepared. The previously 
ascribed compound is in reality ethylene imine | ^NH. 

chX 

Vinyltrimethylammonium hydroxide or neurine, CH 2 =CH-N (CH 3 ) 30 H, 
is described after glycol with choline (q.v.) to which it is intimately related. 

Allylamine, CHg^CH-CHa-NHa, b.p. 58°, is best obtained from mustard 
oil (g.v. ) by boiling it with 20 per cent, hydrochloric acid (Ber. 30, 1124). 

i&oAMylaminei propenylamme, CH 3 *CH==CHNH 2 , b.p. 67°, is produced by 
the action of potassium hydroxide on jS-bromopropylamine (Ber. 29, 2747). 

Undecenylamine, CnHgiNHg, b.p. 239° : higher homologues, see Ber. 33, 
3580. 

a-Dimethylamino-d‘''-butene, CHg : CH CHs CHa'NMog, b.p. 95°, is ob- 
tained by the decomposition of pyrrolidine, (I) the dimethylpyrrolidinium 
hydroxide, (II) obtained by exhaustive methylation being submitted to distil- 
lation. 

CHa— CH^s. CHa— CH2\ CH^-CHa-NMea 

1 >NH >1 yNMefiJl > I 

CHj— CHs,/ CHj— CHa/ CH=CHa 

I n m 

a-Dimethylamino-dS-pentene, CH^ : CH(CH 2)3 NMe 2 » b.p. 117°, is simi- 
larly obtained by the decomposition of piperidine. The compounds obtained 
by the addition of HCl to this, and to similarly constituted bases, on heating 
undergo isomerization with the formation of pyrrolidine derivatives (Ann. 264, 
310 : 278,- 1 : Ber. 33, 365). 

CHa— OHa— NMeg CHa— CHa— NMea CHg CHav 

I >^1 >NMeaCl. 

CHa— CH=CHa CHa— CHCl— CH^ CHa~CHMe/ 

Propargylamine, CH^C-CHaNHa, is prepared from dibromoallylamine, 
CHaBr-CHBr'CHaNHa, and potassium hydroxide. It is probably a gas in a free 
condition, but it can only be obtained in alcoholic solution or in the form of 
salts (Ber. 22, 3080). 

The following paragraphs, (c) to (h), deal with the ^-substituted derivatives 
of the alkylamines. 


(c) xY-Halogen Alkylamines 


These 2^-halogen derivatives may be regarded as the amides of hypochlorous 
and hypobromous acids. Such derivatives are produced by the action of chlorine, 
bromine, or iodine, alone or in the presence of alkali hydroxides, on primary 
and secondary amines (Ber. 8, 1470 ; 9, 146 : 16, 558 : 23, R. 386 : Amn. 
230, 222), as weU as by the transposition of acetodibromoamide (^.v.) with amines. 
Dialkylchloroaniinea are also obtained from tertiary bases and sodium hypo- 
chlorite, an alkyl group being eliminated (Ber. 46, 1148). 


CH3CH.CH2NH2 CHaCHaCHaNHCl - 

(CH3CH2CHa)aNH > (CH3CHaCH2)2NCL 


> CHaCHgCHaNCla 


When saponified they yield h 3 rpochlorous, hypobromous, and hypoiodous acids 
(Ber. 26, 985). 

The primary alkylamine monohalogen derivatives are less stable than the 
dihalogen derivatives and the seconds^ halogen-amines. 
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MetkijldiMroamine, CHsNCla, b.p. 58-60% is prepared from methylam- 
moniimi chloride and bleaching powder. It is a strongly smelling oil, exploding 
violently when heated. It forms diazomethane with hydroxylamine (p. 251 ; 
Ber. 28, 1682). Methyldiiodoamim» CH3NI2, is garnet-red in colour. Dimethyl- 
iodoaminey (0113)2^1, is sulphur-yellow in colour. Ethyldichhroaminey CaKsNClj* 
b.p. 88°, is a strongly smelling, unstable oil (Ber. 32, 3582). Propylchloroaminey 
C3H7NHCI, volatilizes with decomposition. Propyldichloroamine, C3H7NCI2, b.p. 
117°, is a yellow oil. Dipropylchloroamincy {C3H7)2NC1, b.p. 143°, etc. (Ber, 8, 
1470 : 9, 146 : 16, 558 : 23, R. 386 : 26, R. 188 *. Ann. 230, 222). 

Secondary chloroamines give up hydrochloric acid in the presence of alkalis 
change to the allsylimines of the aldehydes, which take up water in acid 
solutions forming a primary amine and an aldehyde : 

(CHs)aCH-CH2\ KOH (CH3)2CH-CHx H,0 (CH8)2CH*CHO 

>NCa ^ ^ 

(OH3)aCH*C®:5/ (CH8)2CH-CH2/ (CH3)2CH*CH2*NHa. 

This reaction can be employed for the identification of secondary amines (C. 
1897, I. 745). 

Nitriles result when the dibromides of the higher primary alkylamines are 
treated with alkalis. 

(d) Sulphur Derivatives of the Alkylamines 

1. Thiodialkylamines, thiotetraalkyldiamineSy result from the action of SCI 2 
on dialkylamines in ligroin solution. Thiodiethylaminet S[N(C2H5)2]2, b.p. 87°/19 
mm. (Ber. 28, 575). 

2. Dithiotetraalkylamines, ditMotetraalkyldimiimSy result from the action of 
SjCls on dialkylamines in ethereal solution. DitkiodimethylamiTie, S2[N(CH3)a]2» 
b.p. 82°/22 mm. Dithiodiethylamine, b.p. 137°/22 mm. (Ber. 28, 166). 

3. Alkyl- thionylamines, alkyl imides of sulphurous acid, are formed when 
thionyl chloride (1 mol.) acts on a primary amine (3 mols.) in ethereal solution 
(Mickaelis, Ann. 274, 187) : 

3CH3NH2 + SOCI2 == CHsN : SO + 2CH3NH2-HC1. 

The members of the series with low boiling points are liquids with penetrating 
odoim, and fume in the air. Water decomposes them into SO2 and the primary 
junine. Thionylmetkylamine, CH3NSO, b.p. 58-59°. Thionylethylamine, b.p. 
70-75°. Tkionylisobutylaminey (CH3)2CH'CH2*N ; SO, b.p. 117°. 

4. Thiony Idialkylamines , thionyltetraalkyldianhiyies, are formed when thionyl 
chloride acts on the ethereal solution of the dia^lamines. Thionyldiethylamine, 
0S[N(C2H5)2]2, b.p. 118°/27mm., corresponds in its composition with tetraethyl 
urea (Ber. 28, 1016). 

5. Thionamic acids are the products resulting from the interaction of sulphur 
dioxide and primary amines ; ethyUhionamic acid, C2H5NH'S02H, is a white 
hygroscopic powder. 

6. Aikylsulpkamides and alkylsulphaminic acids. Sulphamides, e.g, 

are formed by the action of sulphuryl chloride, SO3CI2, on the 

free secondary amines, whereas their chlorides, S02 <Cq^* result when the 
HCl-salts are employed. Water converts the chlorides into sulphaminic acids. 

(Ann. 222, 1 1 8). SO3 reacts similarly with the primary and secondary 
amines, forming mono- and dialkylsulphaminic acids (Ber. 16, 1265). 


(e) Phosphorus Derivatives of the Secondary Alkylamines 
(Ber. 29, 710) 

1. OiaUcylaminochlorophosphines are prepared by the action of phos- 
phorus trichloride on the dialkylamines. They are liquids which give off fumes 
in the air, and possess an irritating odour, Diethylaminochlorophosphine, 
b.p. 73°/ 14 mm. DiisohiUylamiiwchloropkospkine, m.p. 37°, 
b,p. 116°/ 16 mm. 
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2, Dialkylaminoxychlorophosphines are obtained by the action of phos- 
phorus oxychloride on secondary amines in aqueous solution. They are stable 
bodies, possessing a camphor- or pepper-like odour, DiethylamiTioxychlorophos- 
phim, (C 2 H 5 ) 2 N-POCl 2 , b.p. 100°/ 15 mm. Di-n-propylaminoxychlorophoaphine, 
b.p. 170°/80 mm. Diisobutylafninoxychlorphosphine, m.p. 54°. 

3. Dialkylaminosulphochlorophosphines are formed when phosphorus 
sulphochloride acts on dialkylamines. They can be distilled in steam, and smell 
like camphor. Diethylarmnosulphochlorophosphine, (C 2 H 5 ) 2 N ’PSCla, b.p. 100°/i2 
mm, DipropylaminosulpKochloropkosphim, b.p. 133°/ 15 mm. DiisohvtyU 
aminosulphochlorophosphim, b.p. 150°/10 mm. 


(/)> (9)i (^) Arsenic, Boron, and Silicon Derivatives of the 
Secondary Amines (Ber. 29, 714) 

Diiaobutylaminochloroardine, (C 4 H 9 ) 2 N'*AsCl 2 , b.p.^s 125°/15 mm. 

Diethylaminochloroborine, (C 2 H 5 ) 2 N'*BCl 2 » i^-P- 142°. Fumes strongly in air. 
Dipropylaminochloroborine, b.p. 09°/45 mm. DiisobutylaminochlorohorinQ, b.p. 
93°/17 mm. 

Diethylaminochlorosilicane, (C 2 Hs) 2 N*lSiCl 3 , b.p. 104°/80 mm. Dii&ohiityU 
aminochlorosilicane, b.p. 122°/30 mm. 

The chloroarsines, chloroborines, and chlorosilicanes of the secondary bases are 
prepared in the same way as the chlorophosphines from the corresponding 
chlorides. 

(t) Nitroso-amines 

All basic secondary amines (imines), like (CH 3 ) 2 NH and (C 2 H 5 ) 2 NH, can be 
converted into nitroso-amines (nitrosamines) by the replacement of the hydrogen 
of the iraino group. They are obtained from the free imines by the action of 
nitrous acid on thoir aqueous, ethereal, or glacial acetic acid solutions, or by 
warming their salts in aqueous or acid solution with potassium nitrite (p. 195) 
(Ber, 9, 111). They are mostly oily, yellow liquids, insoluble in water, and may 
be distilled without decomposition. Alkalis and acids are usually without effect 
upon them j with phenol and sulphuric acid they give the nitroso-reaction 
{Lieberma7in). When reduced in alcohoUc solution by means of zinc dust and 
acetic acid they become converted into hydrazines (p. 202), Boiling hydrochloric 
acid decomposes them into nitrous acid and dial%lamines : in the presence of 
ferrous chloride, nitric oxide is quantitatively evolv^ according to the equation i 

+ FeClg + HCl > BR'NH -f FeQs + NO. 

By measurement of the evolved nitric oxide, nitroso groups can be quantitatively 
estimated (Ber. 60, 1910). 

Dimethylnitrosaminef (CH 3 ) 2 N-NO, b.p. 148°. 

Diethylnitrosamine, (C 2 H 5 ) 2 N’NO, b.p. 177°. 

(k) Nitramines 

These are produced by the action of concentrated nitric acid on various amide 
derivatives of the primary amines, e.g. their urethanes or oxamides, from which 
the free mono-alkyl nitramines may be obtained by means of ammonia (Ber. 18, 
B. 146 ; 22, B. 295 : 0. 1898, I. 373) : 

CH3NHCO2CH3 CH3N(N02)C02CH3 ^ CHaNH-NOa 

or CHsNzNOOH. 

One hydrogen atom in the monoalkyl nitramine molecule is replaceable by 
an alkali metal. As in the alkali salts of the nitroparafSns (p. 179) the met^ 
is united to an oxygen atom forming a compound of the type BN ; NOOM, By 
the reaction of the potassium alkyl nitramines with the alkyl halides, there are 
produced the correspondinjg dialkyl nitramines, which yield w?iS3^w.-dialkyl- 
hydrazmes by reduction with zinc dust and acetic acid. 

Methylnitraminey OHsNHNOj, m.p. 38°. MhylnUraminef m.p. 3°, Potas- 
sium ethyl nitramine and iodomethane yield N-melhylethylnitramine (see below). 
Propylni^rammet b.p, i28°/40 mm. O^MethykthyliBonUramine, ; 
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NO2CH3, b.p. 37®/20 mm. (C. 1898, I. 374), is prepared from silver ethyl nitra- 
mine. Butylnitramine, see Ber. 28, R. 1058. 

A^-Dialkyl nitramines ; Dhnethylmtramine, (CHglgN-NOa, m.p. 58°, b.p. 
187°, is produced, together with an isomer, b.p. 112°, by the distillation of 
monomethylnitramine (Ber. 29, It. 910), as well as upon treating dimethylamine 
and nitric acid with acetic anhydride (Ber. 28, 402), and with diazomethane 
(Ber. 30, 646), Diethylnitr amine t b.p. 206°. Dipropylnitramine, b.p. 77°/10 
mm. 

Methylethylnitramine, b.p. 190°. Methylpropyhiitramine, b.p.. 115°/40 mm. 
Methylbutylnitraminei m.p. + 0*5° (Ber. 29, R. 424). Methylallylnitr amine, b.p. 
95°yi8 mm., is obtained, together with an isomer, b.p. 5l°/18 mm., by the 
interaction of potassium methylnitramine and allyl bromide. 

In the following sections are described the alkyl derivatives of 
hydrazine, the aliphatic diazo compounds and hydroxylamine deriva- 
tives. The corresponding aromatic compounds are much better known 
and easier to prepare, and are of greater importance in the development 
of organic chemistry. 

Some examples of analogously constituted compounds are given 
below : 


Methylhydrazine 
Potassium diazomethane 

Methyl azide 
Diazoaminomethane 


CHsNH-NH, 
CH3N : NOK 


/N 
CHgN/ il 
\N 


CgHs-NH-NHs Phenylhydrazine. 
CsHgN : NOK Potassium diazoben- 
zene. 


/N 

CgHeN^ I! Phenyldiazoimide. 

\n 


CH3N : N-NHCHs CeHgN : N-NCgHs 

Diazoaminobenzene. 


(Z) Alkylhydrazines * 

Just as the amines are derived from ammonia, so the hydrazines are derived 
from hydrazine or diamide, HgN’NHg. 

(1) If iodomethane acts on a cold aqueous solution of hydrazine, there are 
formed monomethylhydrazine and w?i«ywi.-dimethylhydrazine ; with an excess 
of iodomethane in the presence of alkalis, the final product is trimethylhydra- 
zonium iodide (Ber. 31, 56) : 

CH,I CHsI CHal 

^NHa-NHCHa >-NH2-N(CH3)2 >-NHg*N(OH3)3l. 

Monoalkylhydr€izines also result by the heating of salts of alkyl sulphuric acid 
with an aqueous solution of hydrazine (Ber. 34, 3268). 

(2) Mono-alkyl and ay m. -dialkyl-ureas, acted on by nitrous acid, give rise to 
nitroso -compounds which yield alkylsemicarhazides on reduction. These are 
decomposed by boiling with alkalis or acids into alkylamines CO^ and monoalkyl- 
hydrazines : 

CHjNH-CO HNO3 CHaNH-CO h CHsNH-CO h,0 CH3NH, + CO. 

1 I > I > 

CH3NH CHsN-NO CHaN-NHa -f CHaNH-NHa. 

(3) ej&'Dialhylhydrazines are obtained from dialkylnitrosamines or dialkyl- 
nitramines by r^uction with zinc and acetic acid (Ber. 29, R. 424). 

(CH3)aN-NO -f 4H = (CH3)2N*NH3 + H3O. 

Monoalkyihydrazines are also obtained by reduction of the monoalkylnitra- 
min^ (p. 2U1), 

(4) sym.-X^lkylhydrazines are formed by the action of alkyl iodides on thb 
lead or potassium salts of diformyl hydrazine, CHO-NH*NH*CHO, and the sub- 
sequent hydrolysis of the diformyl compound (Ber. 27, 2279 : 31, 62 : 39, 3261). 

They are also formed by heating pyrazole or pyrazolone (Voi. II) with alkyl 

* H. Wiekmd, Die Hydrazine, Stuttgart, 1913 (Enke). 
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iodides and decomposing the resulting alkylpyrazole alkyl iodide with aqueous 
potassium hydroxide (Ber. 39 , 3257, 3267) : 

/CH=N(CH,)I B-oH HNCH, 

OH I >. I 

\CH • NCH 3 HNCH, 

The mono-alkylhydrazines reduce Fehling’s solution in the cold, and the 
dialkyl hydrazines when warmed. This behaviour differentiates them from the 
amines, which they otherwise resemble closely. 

Methylhydrazine) CH 3 -NH-NH 2 , b.p. 87®, is a very mobile liquid. Its odour 
is like that of methylamine. It absorbs moisture and fumes in the air (Ber. 22, 
R. 670. Preparation, see Ann. 376, 244). 

Ethylhydrazine, (C 2 H 5 )H!N'’NH 2 , b.p. 100®. When ethylhydrazine is 
acted on by potassium pyrosulphate, potassium ethylhydrazinesulphonate, 
CaHs'NH'NH'SOgK, is formed. Mercuric oxide changes this to potassium 
diazoethylsulphonate, C^Hs’N^N'SOsK. 

sym.-Dimethylhydrazine, CHaNH-NHCHg, b.p. 81®, forms salts with mono- 
and di-basic acids. sym.-Diethylhydrazine, b.p. 85°. 

unsym.-Dimethylhydrazine, (CH 3 ) 2 N-NH 2 , b.p. 62°, and misym,’Diethyl- 
hydrazine, b.p. 97°, are mobile liquids, possessing an ammoniacal odour ; they are 
soluble in water, alcohol and ether. Thionyldiethylhydrazine, (C^HslaN-N ; SO, 
b.p. 73®/20 mm. (Ber. 26, 310). 

Trimethylhydrazonium iodide, NH 2 *N(CH 3 ) 3 l, m.p. 235°, with decomposition, 
resembles tetramethylammonium iodide. Moist silver oxide liberates the strongly 
alkaline tetramethylhydrazonium hydroxide, NH 2 N(CH 3 ) 30 H ; this consists of 
hydroscopic crystals, which are parti€illy decomposed on d&tillation into unsym.- 
dimethyl hydrazine and methyl alcoW. Heating with iodomethane breaks 
doTiTi the molecule into tetramethylammonium iodide, nitrogen, and hydrogen. 
Tetraethylhydrazonium iodide is prepared from diethylhydrazine and iodoethane 
(Ann. 199 , 318: Ber. 31, 57). 

(m) Nitrosoalkylhydrazines. RN(NO)-NH 2 and RN{NO)*NHR 

as-Nitrosomethylhydrazine, colourless needles, m.p. 45®, and nitro8o-sym,~ 
dimethylhydrazine, CH 8 N(NO)*NHCH 3 , a bright yellow oil, are obtained by the 
action of nitrous acid on methyl- and at^Tw.-dimethylhydrazine ; the dimethyl 
derivative can also be obtained by the methylation of the monomethyl compound 
by methyl sulphate. They give characteristic violet and blue colours with ferric 
chloride (Ann. 376 , 242). 


(n) Alkyl Azo Compounds. R‘N : N-R 

Azomethane, Cng'N* : N-CHg, is produced by the oxidation of -dimethyl- 
hydrazine by potassium dichromate. It is a colourless, explosive gas, which 
condenses to a pale yellow liquid, boiling at -{- 1*5°. On careful heating, it 
breaks down into ethane and nitrogen. It is readily reduced to dimethyl- 
hydrazine by sodium amalgam, or zinc dust and caustic soda, and is split into 
formaldehyde and methylhydrazine by acids (Ber. 42 , 2575). 

(o) Alkyl Diazo Compounds 

The diazonium salts, so readily formed in the aromatic series, have no equiva- 
lents in the aliphatic series. The open-chain analogues of potassium diazobenzene 
and potassium isodiazobenzene are known. 

Potassium methyldiazotate, CH 3 N : N-OK, is formed by the action of concen- 
trated potassium hydroxide solution onnitrosomethylurethane, CH3N (NOl-COaEt. 
It is very unstable, and decomposes explosively with water with the formation 
of diazomethane (p. 251) (Ber. 35, 897). 

Sodium metJiylisQdiazotate, CH 3 N : N*ONa, forms fine, matted needles. It is 
produced, with evolution of nitrous oxide, by tha action of sodium methoxide 
and ethyl nitrite on o«-nitrosomethylhydrazine. In contradistinction to potas** 
sium methyldiazotate, it is very stable in the absence of water and carbon dioxide. 
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The aqueous solution gives a violet colour with copper acetate. On cautious 
heating it is partly decomposed into diazomethane. With acids it forms nitrogen 
and methyl alcohol, or the methyl ester of the acid, diazomethane being an 
intermediate product. It yields methylnitramine on oxidation with potassium 
ferricyanide, and can be obtained from the nitramine by reduction in alkaline 
solution (Ann. 376, 239). 


(p) Alkyl Diazoimides 

Methyldiazoimide, methylazide, CHa^Ns, b.p. 20®, Djg = 0*869, is the methyl 
esbsr of hydrazoic acid, and is obtained from the sodium hydrazoate NaN3 and 
dimethyl sulphate in alkaline solution. It explodes violently above 500° (Ber. 38, 
1573). 

Vinyl azide, CHg : CH-Ns, b.p. 26°, is obtained from a-azido-j8-iodoethane and 
potassium hydroxide (J.C.S. 97, 2570). 

(^) Diazoamino Paraffins 

Dvazoamino-metluane, dimethyltriazene, CHgN : N'NHCHg, m.p. — 12°, b.p. 93°, 
is a colourless liquid, having an odour resembling alkaloids. It is poisonous, 
it dissolves in water, and explodes violently on sudden heating. Its magnesium 
salt is produced from methyl azide and methyl magnesium iodide : 

/N 

CH3N-< II + CHgMgl = CH3lSr(MgI)N : NCH3. 

\n 

This substance is decomposed by water. 

The silver derivative CHgNa'NAgCHs exists as colourless needles, and the 
copper derivative CH3N2*NCu{CH3) as yellow crystals (Ber. 39, 3905). Biazo- 
amino methane is very easily decomposed by acids, evolving nitrogen and splitting 
into methylamine and a methyl ester *. 

CH3N ; NHCH3 + 2H01 = CHaa + NjCHsNHa-HCl. 

(r) Tetraalkyltetrazones 

When mercuric oxide acts on Mwsym.-diethyl hydrazine, (C2H6)2N*NH2, 
tetrmthyltetrazone, (C2H5)2N*N : N-N(C2H5)2, is formed. This is a strongly basic 
liquid with an alliaceous odour. 

MethylbiiiyUeirazone, b.p. 121°/19 mm. (Ber. 29, R. 424). 

(s) Alkylhydroxylamines 

Monoalkyl hydroxylamines occur in two isomeric forms : 

NHa-O-CHs and CHa-NH-OH. 

O- or a-Methyl-hydroxylamine. y- or jS-Methyl-hydroxylamine. 

The derivatives of both varieties are obtained from the isomeric benzaldoximes 
(g.v,). The j8-compounds are formed from ^y?i.-??i.-nitrobenzaldoxime by alkyla- 
tion with sodium alcoholate and an alkyl iodide, together with the subsequent 
separation of the ether by means of concentrated hydrochloric acid (Ber. 23, 
599 ; 26, 2377, 2514), a-Berivatives result from the breaking down of aikylbenz- 
hydroxamic esters. The jS-compounds are intermediate products in the reduction 
of the nitroparaflSns with stannous chloride, or, better, with zinc dust and water 
(Ber. 27, 1350), and can also be prepared by electrolytic reduction (C. 1899, II. 
200). ^-Alkylhydroxylamines ako occur as intermediate products during the 
oxidation of primary amines with permonosulphuric acid, HjSOs, but they are 
mainly oxidized further to aldoximes, hydroxamic acids, ketoximes, nitroso- and 
nitro-compounds (p. 183). 

Alkylation of hyc^os^lamine resulte essentially in the formation of jS-dialkyl 
hydroxylamines, which in turn form the hydriodic acid salts of the trialkylamine 
oxides (p. 203). 

^^-Bialkylhydroxylamines are also formed during the oxidation of the dialkyl- 
amine^ (Ber. 34, 2499). They further result by treatment with water of the re- 
action products of zinc alkyls or zinc or magneshun alkyl halides on alkyl nitrites, 
nitroparaffins (J. pr. Chem. [2] 63, 94, 193 ; Ber. 40, 3063) and diphenylnitro- 
samine (Ber. 33, 1022). Buring the couise of the last three reaction the follow- 
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ing intermediate products are probably formed, if we take as examples the 
reaction of ethyl nitrite, nitroethane and diphenylnitrosamine with zinc ethyl : 

2 Zn(0aH6)a CaHgZnOv 

0 : NOC2H5 + C^HsZnOCaHs. 

C 2 H 5 / 


2Zn(CjH5), CaHjZnOs 
C 2 H 5 - 


HOON^CHCHg — ’ >N— CH< " +C2He-fZnO. 

■ “I5/ XCoT- 


_/CH3 


Zn(C2H5), CaHgV 

0 ; ]Sr-N(CeH6)3 3^ >N*OZn]Sr(C6H5)2. 

j8-Dialkylhydroxylamines are conveniently prepared by the action of nitrogen 
peroxide on magnesium alkyl iodides in solution in ether (Ber. 36, 2315). 

2 NO 2 + 4C2H5MgI > 2(C3H5)3NOMgI -f MgO + Mgl^. 

Reduction changes the jS-dialkylhydroxylamines into dialkylamines : when 
sulphurous acid is employed they are converted into dialkyl sulphaminic acids 
(Ber. 33, 159). See further under Trialkylamine oxides. 

OL-Methylhydroocylamine, methoxylamine, NHj’O-CHs, yields a hydrochloride, 
m.p. 149°. It difiers from hydroxylamine in that it does not reduce alkaline 
copper solutions. 

a-Ethylhydroooylamine, ethoxylamine, NH 2 ' 0 -C 2 H 5 , b.p. 68°. 

p-Methylhydroccylamine, CHg'NH'OH, m.p. 41°, b.p. 61°/16 mm. (Ber. 23, 
3697 ; 24, 3528 : 26, 1716 : 26, 2614). 

p’>Ethylhydroxylamine, m.p. 59°. p-^Diethylhydroxylamine, (C 2 H 5 ) 2 N*OH, b.p. 
76°/36 mm. P-Dipropylhydroxylamine, {C 8 H 7 ) 2 N*OH, m.p. 29°, b.p. 160°. 

Ethyhsec.-butylhydroxylamine, C 2 H 5 N(OH)CH*(CH 8 )‘C 2 H 5 , b.p. 155°, prepared 
from nitroethane and zinc ethyl, was previously thought to be triethylamine 
oxide (C. 1901, I. 1146 : H. 185). 

ap-Diethylhydroxylamine, b.p. 83°, and triethylhydroxylarmne, 

(CgH 5 ) 2 NOCaH 5 , b.p. 98°, are formed by the action of CgHgBr on ethoxylamine 
(Ber. 22, R. 590). 


(^) Trialkylamine Oxides. R3NO 


These compounds are obtained in the form of their hydrates, R 3 N(OH) 2 , by 
the oxidation of the tertiary amines with hydrogen peroxide. Their ioihdes, 
RsN(OH)I, are obtained by the action of hydrogen iodide on hydroxylamine 
and the ^-alkylhydroxylamines which are formed as intermediate compounds. 
The free oxides, R3NO, are obtained from the hydrates by cautious heating. 

Trimethylamine oxide-hydrate, Me 3 N(OH) 2 , m.p. 96° : the free oxide, MejNO, 
sublimes at 180° and melts at 208° (Ann. 397, 286). It decomposes on heating 
into dimethylamine and formaldehyde. Tripropylamine oxide-hydrate, on the 
other hand, breaks down on heating into propylene and .?\?'iV'-dipropylhydroxyl- 
amine (Ber. 34, 2501). 

The trialkylamine oxides combine with halogen acids to form salts of the 
type R2N(0H)X*, Alkyl iodides also combine with the trialkylamine oxides, 
and Meisenheimer (Aim. 397, 273 : 399, 271) has used this reaction to support 
the view that the two valencies between the oxygen and nitrogen are dissimilar. 

The compound (I) obtained from methyl iodide and trimethylamine oxide 
is converted by alkali into the free base (II). The compound (III) formed by 
the addition of hydrogen chloride to the oxide is treated with sodium methoxide, 
yielding (IV). If the two nitrogen valencies were equivalent, these compounds 
(II) and (IV) should be identical, whereas they are totally different (Ann. 397, 
276). 




Me.NO 


tr 




( 1 ) 


<II1) 


NaOH 

> Me3N<Q^ 

(11) 

^ Me3N<oMe 

(IV) 
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The trialkylamme oxides with three different alkyl groups, such as methyl - 
ethylaniiine oxide, can be split into their optically active components (Ber. 41 ♦ 
3966 : Ann. 385, 117; 428, 252 : 449, 188). (See also stereochemistry of 
nitrogen, p. 45). 


(zi) Nitroso-jS-alkylhydroxylamines 


A member of this class of bodies was probably discovered by Franhlandf and 
described under the name of dinUroethylic acid. It is prepared by the action 
of NO on zinc ethyl and the subsequent decomposition by water of the addition 
compound formed, and is designated as nitroao-^^ethylhydroxylainine (Ber. 33, 


1024) : 


CH3CH«N< 




NO 


XOZnCaHs 


/NO 

->CH3CH2N< 

\0H 


Similarly a salt of nitroso-p-methylhydroxylamine is prepared from NO — 
which reacts according to the constitutional formula O ; N — ^N : 0 — and mag- 
nesium methyl iodide in solution in ether : 

2NO + CH,MgI = 


which gives the Liebermann nitroso-reaotion, and yields a well-crystallized copper 
salt, {CHall20,)jCu -f iHjO. 


6. PHOSPHORUS DERIVATIVES OF THE ALCOHOL 
RADICALS 

A. PHOSPHINES AND ALKYL PHOSPHONIUM COMPOUNDS 

Hydrogen phosphide, PHg, has slight basic properties. It unites 
with HI to form phosphonium iodide, which is resolved again by water 
into its components. The phosphorus bases or phosphines, obtained 
by the replacement of the hydrogen of RHg by alkyls, have more of 
the basic character of ammonia and approach the amines in this 
resist. The basic character increases with the number of alkyl 
groups. 

Thmard (1846) discovered the tertiary phosphines, and A. W, Hofmann (1871) 
first prepared the primary and secondary phosphines (Ber. 4, 430). 

Formation. — (1) By the reaction between alkyl iodides and phosphonium 
iodide for six hours in the presence of certain metallic oxides, chiefly zinc oxide, 
at 150°. The product, in the case of ethyl iodide, is a mixture of 1P(C2H5)H2-HI 
and P(C2H5)2H*HI, the first of which is decomposed by water. The Hl-salt of 
the diethylphosphine is not affected, but by boiling the latter with sodium 
hydroxide, diethylphosphine is set free (A. W. Hofmann) ; 

2PH4I + 2C2H5I + ZnO ^ 2[P(C2H5)H2-HI] +• Znl^ + H,0. 

PH4I + 2C2H5I -f ZnO = P(C2H5)2H-HI -f Znlg -f H^O. 

P(C2H6)HaHI -f HI. 

(2) Tertiary phosphines and quaternary phosphonium iodides are produced 
by heating phosphonium iodide with alkyl iodides (methyl iodide) to 150-180° 
without the addition of metallic oxides. They can be separated by means of 
potassium hydroxide : 

PH4I -f 3CH3I == P(CH3)3.HI 4 - SHI. 

P(CH3)5HI + CH3I =P(CH3)4l -fHL 

(3) Tertiary phosphines result when alkyl halides act on calcium phosphide 
{ThinaTd)f and (4) in the action of zinc alkyls on phosphorus chloride : 

2PCI3 4- 3Zn(CH3)2 = 2P(CH3)3 4- SZnClg. 

(Compare the action of mercuiy alkyls on PCI3, p. 208.) 
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(4) Primary phosphines are also obtained by heating monoalkyl phosphinic 
acids (p. 208). 

(5) Phosphines virith different alkyl groups are formed by the action of the 
alkylchlorophosphines (p. 208) on Grignard reagents (Ann. 449, 213). 

R-PCla + 2MgR^Br > R-PR'a + MgBrg -{- MgClg. 

Properties and Reactions , — ^The phosphines are colourless, strongly refracting, 
extremely pow'erful-smelling, volatile liquids. They are searcelj^ soluble in water, 
but dissolve readily in alcohol and ether. They oxidize very readily and have 
a neutral reaction. 

(1) They are oxidized very energetically on exposure to the atmosphere, 
usually with spontaneous ignition ; hence they must be prepared in the absence 
of air. Moderate oxidation with nitric acid converts the primary phosphines 
into alkylphosphonie acids, the secondary phosphines into a^lphosphinic acids, 
whilst the tertiary phosphines, in the presence of air, pass into aU^lphosphinic 
oxides : 

Ethyl phosphine : CgHgPHa — >'C 2 H 5 PO(OH) 2 — ^Ethyl phosphonic acid. 

Diethyl phosphine ; (C 2 Hs) 2 PH — >-(C 2 Hg) 2 PO(OH) — Diethyl phosphinic acid. 
Triethyl phosphine ; (C 2 H 6 ) 3 p — >-(C 2 H 5 ) 8 PO — ^Triethyl phosphine oxide. 

(2) They combine readily with sulphur and carbon disulphide (Ber. 25, 2436) j 
also with the halogens. 

(3) The primary phosphines are, like PHg, feeble bases. Their salts, such 
as PH4I, are decomposed by water. Potassium hydroxide is required for the 
decomposition of the salts of the secondary and tertiary phosphines. 

(4) The tertiary phosphines combine with the alkyl io^des to form tetra- 
alkyl phosphonium iodides. These are just as little decomposed by potassium 
hydroxide as the tetraalkyl ammonium iodides. Moist silver oxide liberates 
tetraalkyl phosphonium hydroxides from them ; these, like the tetraalkyl 
ammonium hydroxides, are stronger bases than the alkalis i 

CE,I AgOH 

P(CH8)3 P(CH8)4l ^ (PCH 3 ) 40 H. 

(1) Primary Phosphines : 

Methylphosphine, P(CH 3 )H 2 , condenses at ~ 14° to a mobile liquid. EthyU 
phosphine^ P(C 2 H 5 )H 2 , b.p. 26°. n-PropylpJiosphine, P(C 3 H 7 )H 2 , b.p. 5^ (C. 1903, 
II, 987). isoPropylphosphine, P(C 3 H 7 )H 2 , b.p. 41°. S&oButylphospJiine^ P(C 4 H 7 )H 2 , 
b.p. 62°. 

Fuming nitric acid oxidizes the primary phosphines to alkyl phosphonic 
acids ; their Hl-salts are decomposed by water. 

(2 ) Secondary Phosphines ; 

bimethylphosphme, b.p. ^5°. Diethylphosphine, P{C 2 H 5 ) 311 , 

b.p. 85°. Diisopropylphosphine, P(C 3 H 7 ) 2 H, b.p. 118°. Diiaoamylphosphinef 
P(C 5 Hh) 2 H, b.p. 210-215°, is not spontaneously inflammable. 

Fuming nitric acid oxidizes this class of phosphines to dialkyl phosphinic acids. 

Water does not decompose the Hl-salts of the secondary phosphines. 

(3) Tertiary Phosphines ; 

TrimethylphospMney P{CRs,)b, b.p. 40°. Triethylphosphine, P{CaH 5 ) 3 , b.p. 
127°. Both tertiary phosphines form phosphine oxides by the absorption of 
oxygen (Ber. 29, 1707). They also combine with S, Clg, Bi’g, the halogen acids, 
and the alkyl halides. Carbon disulphide also combines with triethylphosphine, 
and the product is P(C 2 H 5 ) 3 'CS 2 , b.p. 95°, crystallizing in red leaflets. It is 
insoluble in water, and sublimes without decomposition. Its production serves 
for the detection of carbon disulphide. 

Unsymmetrical tertiary phosphines^ see Ann. 449, 213. 

According to ahnost all of these reactions, triethylphosphine resembles a 
strongly positive bivalent metal — for example, calcium. By the addition of three 
alkyl groups, the quinquivalent, metalloidal phosphorus atom acquires the 
character of a bivalent alkali-earth metal. By the further addition of an alkyl 
group to the pho^horus in the phosphonium group, P(CH 3 ) 4 , former acquires 
the properties of a univalent alkali metal. Similar conditions are to be observed 
with sulphur,, tellurium, arsenic, and also with almost all the less positive metals. 

(4) Phosphonium Bases. — The tetraalkylphosphonium bases resemble t in a 
very high degree, both in formation and properties, the tetraalkyl ammonium 
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bases. TetramethyU and tetraethyl-phosphoriium hydroxide, P(C2H5)4*OH, are 
crystalline masses which deliquesce on exposure to the air. They possess a 
strongly alkaline reaction. When they are heated they show the great affinity of 
phosphorus for oxygen, for, unlike the corresponding ammonium derivatives, they 
break down into a trialkylphosphine oxide and a paraffin. Thus tetramethyU 
phosphonium hydroxide yields trimethylphosphine oxide and methane : 

P(CH3)4*0H « P(CH3)sO 4- CH*. 

T^ramethyh and tetraethylphosphonium iodides, P(C2H6)4l, are white crystal- 
line substances, which are decomposed by heat into trialkyl phosphines and alkyl 
iodides. Tetraethylphosphonium periodide results from the prolonged inter- 
action of iodoethane and phosphorus at 180®. With H2S it changes into the 
normal iodide (Ber. 22, R. 348). 

B. ALKYLPHOSPHONIC ACIDS 

These acids result, as mentioned previously, from the moderated oxidation of 
the primary phosphines with nitric acid ; and also by oxidation of mono-alkyl 
phospho-aoids (see^below). They are derived from unsymmetrical phosphorous 
acid, HPO{OH)a. 

Methylphosphonic acid, CH3PO(OH)2, m.p. 105®. PCI5 converts it into the 
chloride, CHjPOClg, m.p. 32®, b.p. 163®. On the formation of similar chlorides 
from alkyl-tetrachforophosphines, see below. Ethylphosphonic add, C2H5PO(OH)2, 
m.p. 44®. 

The dialkyl esters of alkylphosphonic acids, e.gr. diethyl ester of propylphosphonic 
acid, C3H7PO(OC2 Hs) 2, b.p. 87®/8-5 mm., are obtained from the addition pro- 
ducts of st/m. -phosphorous acid ester (p. 170) and alkyl iodides (C. 1906, II. 1640 ; 
Ber. 31, 1048), and from the interaction of alkyl oxychlorophosphines (see below) 
and sodium alcobolates. 


C. ALKYLPHOSPHINIC ACIDS 

These are derived from hypophosphorous acid, H2pO(OH). 

(1) Mono-alkylphosphlnic acids. 

The action of mercury alkyls on PCI3 results in the formation of alky- 
dichlorophosphines : 

{C2H5)2Hg -f PCI3 = C2H5HgCl + C2H5PCI2. 

El^iyldickhrophosphine, b.p. 114-117®, == 1*295. Fropyldichlorophoa^ 

phine, b.p. 140-143®, Djj = 1*177. isoAmyldicMorophosphine, b.p. 180-183®, 
D23 = 1*102. Water decomposes these chlorides into the corresponding alkyi- 
phoaphinic acids, RPOjHa- They are syrupy liquids which are decomposed 
into alkylphosphines and alkylphosphonic acids when heated : 

3C3Hj,P02H2 = C3Hi,PH2 + 2 C 3 H 11 PO 3 H 2 

Chlorine combines with the alkyldichlorophosphines forming alkyltetrachloro- 
phosphines, BPCI4, which resemble phosphorus pentachloride. Heat causes 
partial dissociation Into PCI3 and alkyl chloride ; SO2 produces thionyl chloride and 
alkyloxychlorophosphines, RPOCI2 ; ethyloxychZorophosphine, b.p. 75-80°/50 mm. ; 
propyloxycMorophosphine, b.p. 88-90°/50 mm. 

The alkyldichlorophospMnes heated with sulphur form alkylsulphochloro- 
phosphines, RPSC12 ; eihylsulphocJdorophosphine, b.p. 81®/50 mm. (Ber. 32, 1572). 

(2) Dialkylphosphinic acids resffit from oxidation of secondary phosphines 
by fuming nitric acid. Dimethylphosphinic acid, (CHg)2pO(OH), m.p. 76°, forms 
a paraffin-like mass, which volatilizes undeeomposed. Dieihyldithiophosphinic 
add, (02H5)2PS*SH, see Ber. 25, 2441. 

D. ALKYLPHOSPHINE OXIDES 

arise (1) when the tri-alkyl phosphines are oxidized in the air, together with 
alkyl esters of dialkyl pho^himo acid, RgPOgR, and alkyl phospho acids, RPO3R2 
(Ben 31, 3055), or by mercurie oxide ; (2) in the decomposition of the tetraalkyl 
phoephonium hydroxides by heat ; (3) from POClg and magnesium alkyl haloids : 

POOL, + 3RMgX = OPR3 4- 3MgXCl. 

The triall^lpho^hine oxides combine with acids similarly to the trialkylamme 
oxides (p. 206) (C, 1906, I. 1484). Trieihylphosphine oadde, m.p. 
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53®, b.p, 243®, forms, for example, P(C 2 H 5 ) 8 Cl 2 , with haloid acids, from which 
sodium regenerates triethylphosphine by the aid of heat. The corresponding 
triethylphosphme sulphide^ P(C 2 H 5 ) 3 S, m.p. 94®, is prepared from triethyl- 
phosphine and sulphur. 

MetKylethylphenylphosphine oxide, CcHgMeEtPO, has been split into its optical 
components (Ber. 44, 356). For other optically active phosphine oxides, see 
Ann. 449, 213. 

7. ALKYL DERIVATIVES OF ARSENIC 

The alkyl compounds of arsenic form a transition from the nitrogen 
and phosphorus bases to the so-called organo-metallic derivatives — 
i.e, the compounds of the alkyls with the metals (p. 217). The simi- 
larity to the amines and phosphines is observed in the existence of 
tertiary arsines, As(CH 3 ) 3 , but these do not possess basic properties, 
nor do they unite with acids. They show in a marked degree the 
property of the tertiary phosphines, in their uniting with oxygen, sul- 
phur, and the halogens to form compounds of the type As(CH 3 ) 3 X 2 , 
and with halogen alkyls to form quaternary arsonium compounds, 
As(CH 3 ) 4 X. The mono-, di-, and tri-alkyl arsines, derived from AsHa, 
have not played nearly as important a role in the development of 
organic chemistry as have the cacodyl compounds. 

In 1760 Cadet discovered the reaction which led to the study of the organic 
compounds of arsenic. He distilled arsenious acid together with potassium 
acetate, and obtained a liquid which was subsequently named, after its discoverer, 
Codetta fuming arsenical liquid. From 1837 to 1843 Bunsen earned out a series 
of investigations (Ann. 37, 1 j 42, 14 : 46, 1), and demonstrated that the chief 
constituent of Cadet’s liquid was aikarsine,” or cacodyl oxide, whose radical 
** cacodyl ” Bunsen also succeeded in preparing. Berzelius proposed the name 
cacodyl (from ica/cciSi??, stinking) for this very poisonous body with an extremely 
repulsive odour. Bunsen showed that it behaved like a compound radical. 
Later it was found that cacodyl was a compound of two univalent radicals— 
As(CH 3 ) 2 , combined to a saturated molecule : (CH 3 ) 2 As-As(CH 3 ) 2 . 

Valuable contributions have been made to the chemistry of the arsenic alkyls 
by Gahours and Riche (Ann. 92, 361), by LandoU (Ann, 92, 370), and particularly 
by Baeyer, who discovered the monomethyl arsenic derivatives, and made clear 
the connection existing between the alkyl-arsenic derivatives (Ann. 107, 257). 

Arsenic alkyl compounds are obtained by the following reactions. 

(1) Cacodyl oxide, or aikarsine, is produced by the distillation of 
potassium acetate and arsenious acid.- This is a delicate test, both 
for arsenic and for acetic acid : 

4 CH 3 -C 02 K -1- AS2O3 = [(CH3)2As] 20 -f- 2K2CO3 4 - 2CO2. 

(2) Trialkylarsines are obtained by the action of zinc alkyls on 
arsenic trichloride : 

2 AaCl 3 4 - 3Zn(CH3)2 = 2 As(CH 3 )s 4- aZnClg. 

(3) The action of the alkyl iodides on sodium arsenide produces 
inalkylarsiTies together with tetraalJcyldiarmies (ethyl cacodyl). 

AsHag 4- 3 G 2 H 5 I = AstCaHs)^ + 3NaI, 

(4) The interaction of trisodium or tripotassium arsenite and alkyl 
iodides gives rise to the sodium salts of alkylarsonic {icids (Ann. 249, 
147 : 0. 1905, 1. 860), which reaction is similar to that of the forma- 
tion of alkyl sulphonic acid salts from potassium sulphite and alkyl 
iodides (p. 175), 

K 3 ASO 3 4- CH 3 I CHjAsO(OK), 4- KI. 

VOL. I. P 
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The alkylation can he pushed further, with the production of di- 
and tri-alkyl compounds. 

The •AsO(OH )2 group can be introduced into aromatic compounds by the 
action of diazo -compounds on sodium arsenite (see Vol. II). 

Dimethylarsenious acid is obtained by the action of methyl iodide and alkali 
on the methylarsenic oxide produced by the reduction of methylarsenic acid 

SOg. . « . 

Cacodyl oxide, obtained by reduction of cacodylic acid, or from arsenic direct, 
gives trimethylarsenic oxide, when treated with iodomethane and alkali (C. 1904, 

I. 80) : 

(CH3)2AsOH + KOH -f CH3I -= (CH3)3 AsO + KI + H3O. 

Monoalkyl-arsine Compounds 

The formation of monomethyl arsenic chloride, As(CH3)Cl2, results from the 
property possessed by the derivatives of the type AsXs, of adding two halogen 
atoms (CI2) and passing into compounds of the form AsXp. The more chlorine 
atoms these bodies contain, the more readily do they split off methyl chloride. 
Thus As(CH3)Cl4 breaks down, at 0®, into ASCI3 and CH3CI ; and As(CH3)2Cl3, 
at 50°, into As(CH3)Cl2 and CH3CI : 

CH3 CI + As(CH 3)2C1 
CH3CI + As(CH3)Cl2 
CH3CI + ASCI3. 

These reactions are the reverse of those described (method No. 4) for the 
progressive elaboration of methyl-arsenic compounds from arsenic. 

Methyldichtoroarainet CH3ASCI2, b.p. 133°, results from cacodyl trichloride, 
(CHs)2AsCl3 (see above), or cacodylic acid by the action of HCl, also from methyl- 
arsenic acid (see below) and an excess of PCI3 (C. 1906, II. 101). It is a heavy, 
water-soluble liquid. It was used in gas-warfare. Large-scale preparation, see 

J. Ind. Eng. Chem. 11, 105. Methyldiiodoarsinef CH3ASI2, is similarly obtained 
from methylarsenic acid by reduction by SO 2, followed by precipitation with 
HI. The methylarsine dihalide yields methylarsenoxidet CH3ASO, m.p, 95°, by 
the action of NagCOs ; with HgS is formed methylarsine sulphide, CHgAsS, m.p. 
110° ; and with AggO the silver salt of methylarsenic acid is obtained. 

Methylarsenic acid, CH3AsO(OH)2, lu-p* 161°, and ethylarsenic acid, 
C2H5 AsO(OH) 2, are best prepared from potassium arsenite and alkyl iodides in 
aqueous solution (see above) ; boiling magnesia mixture precipitates the mag- 
nesium salt (C. 1905, 1. 800). The sodium salt of methylarsenic acid is employed 
medicinally under the name of Arrhenal (comp. C. 1905, I. 1699). Beduction 
of methyl- and ethyl-arsenic acids with hypophosphite in a sulphuric acid solution 
leads to the formation of methyl- and ethyl-arsenic (CHsAs)* and (C2H5As)a: as 
yellow, easily-pol3rmeri2able oils (C. 1904, II. 415 ; 1906, I. 730). 

Methylarsine, CHsAsHa, b.p. + 2°, and ethylarsine, C2H5ASH2, b.p. 36°, 
result from reduction of the alkyl arsenic acids by amalgamated zinc dust, alcohol, 
and hydrochloric acid. They are colourless liquids of a cacodyl-like odour, 
very poisonous, and form salts with acids with great difficulty or not at all. 
Methylarsine is not spontaneously inflammable. Oxidation leads first to methyl 
arsenoxide and then to methylarsenic acid ; alkyl iodides give rise to the alkyl- 
arsines, e.g. tetraalkylarsonium iodide (Ber. 34, 3594 : C. 1905, I. 799). 

Dialkyl Arsine Derivatives 

Cacodyl oxide, alkarsine, [{CH3)2As]20, m.p. — 25®, b.p. 120®, 
Djs = 1*462, is the parent substance for the preparation of the di- 
methyl arsenic compounds. Its formation from potassium acetate and 
arsenic trioxide has already been given on p. 209. The crude oxide 
ignites spontaneously in the air. This is due to the presence in it 


As(CH 3)3 As(CH3)3Cl2 

-h Cl, 50" 

As(CH 3)2C1 > As(CH3)2Cl3 

-f Cl, 0" 

As(CH 3)CL >• As(CH3)Cl4 
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of a slight amount of free cacodyl. When prepared from cacodyl 
chloride by potassium hydroxide it does not inflame spontaneously, 
and consists of a liquid with a stupefying odour. It is insoluble in 
water, but readily soluble in alcohol and in ether. 

Dimethylarsine,caco%Z%(^nde, (CH3)2AsH,b,p.36°,D29 = 1*213, 
is produced when zinc and hydrochloric acid act on cacodyl 
chloride in alcoholic solution. It is a colourless, mobile liquid, with 
the characteristic cacodyl odour, and inflames spontaneously in the 
air. It combines with acids to form very easily dissociated salts ; 
the halogen acid salts decompose into hydrogen and cacodyl chloride, 
bromide or iodide. With alkyl iodides it forms tetraalkylarsonium 
iodides. It unites with sulphur, producing cacodyl dimlphide, 
[(CH3)2 As] 2S2, m.p. 50°, and cacodyl sulphide^ [(CH3) aAsjsS, b.p. 211°. 
Oxidation produces cacodyl, cacodyl oxide, cacodylic acid, AsgOsjCOg, 
etc., according to the degree of action (Ber. 27, 1378 : C. 1906, 1. 738). 


Cacodyl chloride, As(CH3)2Cl, b.p. 100°, is formed by heating trimethyl- 
arsine dichloride, As(CH3)3Cl2 (p. 210), and by acting on cacodyl oxide with 
hydrochloric acid, as well as from CI2 and cacodyl. It is more readily obtained 
by heating the mercuric chloride compound of the oxide with hydrochloric acid. 
It unites with chlorine to form the trichloride, As(CH3)2Cl3, the decomposition 
of which renders possible the transition from the dimethyl compounds to the 
monomethyl derivatives. 

Cacodyl cyanide, As(CH3)a*CN', m.p. 30°, b.p. 140°, is formed by heating 
cacodyl chloride with mercuric cyanide. 

Cacodylic acid, dimethyl oreenioua acid, (CH3)2AsO*OH, m.p. 200° (decomp.), 
corresponds in its composition to dimethylphosphmic acid (see p. 208). Cacodyl 
oxide, by slow oxidation, passes into cacodyl caoodylate, which breaks down, 
when distilled with water, into cacodylic oxide and cacodylic acid ; 


As(CH 3 ) 2 \ Q _i_ o — '^^'^^3)2^0 

As(CH3)2>^ + ^ “ OAs(CH3)2>^- 


+ HP = [As(CH 3 )JP + 20As(CH,)j-OH. 


It is also obtained by the action of mercuric oxide on cacodylic oxide. On 
the formation of cacodylic acid from methyl areenoxide, KOH, and iodomethane, 
see method of formation 4, p. 209. 

It is easily soluble in water and is colourless. Like arrhenal (p. 210) it is 
employed pharmaceutically, but is more poisonous. Cacodylic acid forms salts 
with bases KdOgM and w’ith acids KdOX — it is an amphoteric electrolyte (Ber. 
37, 2705, 3625, 4140). With HgS it forms cacodyl sulphide, with HI cacodyl 
iodide, (CH3)2AsI. PCis changes it to dimethylarsine trichloride, (CH3)2AsCl3, from 
which water regenerates cacodylic acid. 

Cacodyl, dimethyl arsenic, (CH3).2AS'As(CH3)2, m.p. — 6°, b.p. 170°, is 
formed by heating the chloride w'ith zinc filings in an atmosphere of carbon 
dioxide : 


0<^As(CH3)2 

^"^As(CH3)2 


2HC1 C1*As(CH8)2 
Cl-As(CHj)i 


Zn , As(CH,),. 
As(CHj),. 


It is a colourless liquid, insoluble in water. Its odour is powerful, and may 
induce vonoiting. Cacodyl takes fire very readily in the air and bums to AS2O3, 
carbon dioxide and water. It yields cacodyl chloride with chlorine, and the 
sulphide with sulphur. Nitric acid converts it into a nitrate, As(CH> 3).20*N02. 

Diethylarsenic, ethyl cacodyl, (C2H5)2 As*As(C. 2H5)2, b.p. 185-190'^. is formed 
together with triethylarsine on heating sodium arsenide with ethyl iodide. It 
takes fire in the air, and is converted by oxidation into diethylarsenic acid, 
(C2H6)2AsO*OH. 

Dit^oamylarsine chloride, (CsHii) 2 AsC}, is produced from isoamyl chloride, 
arsenic trichloride, and sodium in ether. With H^S it changes to diiaoamyl-' 
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arsine sulphide, m.p. 30® ; with bromine water it forms diisoamylarsinie acid, 
(C*6 Hh) 2 AsOOH, m.p. 164° (C. 1906, I. 741). Dii&Qamylarsine, (C5Hii)2AsH, 
b.p. 150°/90 mm., results from the reduction of di^^oamylarsinic acid ; it is not 
spontaneously inflammable (C. 1906, I. 74). 

Tertiary Arsines 

The tertiary arsines are formed by the action of the zinc alkyls on arsenic 
trichloride, and by heating the alkyl iodides with sodium arsenide. Cacodyl, 
formed simultaneously, is separated by fractional distillation. 

Trimethylarsine (CHgJsAs, b.p. 51° (Prep. C. 1920, III. 538) and triethylarsine, 
(C2H5)3 As, are liquids with a very disagreeable odour. With oxygen they yield 
trimethylarsenoxide (CHsJsAsO, andirieiAi/farsenorcide, (C2H6)3AsO. These bodies 
correspond to triethylamine oxide (p. 205) and triethylphosphine oxide (p. 208) ; 
with sulphur they yield trimethyl- and triethylarsine sulphide, As(C2H5)3S ; and 
mth Bpg and Ig they form trimethylarsine bromide, As(CH3)3Br2, and triethylamine 
iodide, As(C2H 5)312. 

Quaternary Alkyl Arsonium Compounds 

Tetraalkylarsonium iodide is obtained (1) from mono-, di-, or tri-alkyl 
arsine by means of alkyl iodides ; (2) from soium arsenide, mercury arsenide, or 
powdered arsenic and alkyl iodides by the aid of heat (Ann. 341, 182 : C. 1907, 
I, 152). Teiramethylarsonium iodide, As(CH3)4l, and tetraethylarsonium iodide, 
As(C2H5)4l, m.p. of both indefinite, are stable, and are of good crystalline form. 
They correspond with the tetraalkyl ammonium and phosphonium iodides 
(pp. 197, 207). Like them they are changed by moist silver oxide into the 
hydrated oxides ; teiramethylarsonium hydroxide, As(CH3)40H, and tetraethyl- 
arsonium hydroxide, As(C2H5)40H, are crystalline deliquescent bodies, possessing 
a strongly alkaline reaction. 

8. ALKYL DERIVATIVES OF ANTIMONY 

The derivatives of antimony and the alkyls are perfectly analogous to those 
of arsenic, but those containing one and two alkyl groups do not exist. We are 
indebted to L5wig and to Landolt for our knowledge of them. 

Tertiary stibines are produced like the tertiary arsines : 

(1) by the action of alkyl iodides on potassium or sodium antimonides ; 

(2) by the interaction of zinc alkyls and antimony trichloride. 

TrimethylstiUne, Sb(CH3)3, b.p. 81°, Djs = 1-523, and triethylstibine, Sb(CaH5)3, 

b.p. 159°, are liquids which take fir© in the air, and are insoluble in water. In 
all their reactions they exhibit the character of a bivalent metal, such as calcium 
or zinc. With oxygen, sulphur, and the halogens, they combine energetically, 
and even decompose concentrated hydrochloric acid; 

Sb(CgH5)3 + 2HC1 = Sb(C2H5)3Clg + H2. 

Triethylstibine oxi^, Sb(C2H5)30, is soluble in water, which is also true of 
Triethylstibine sulphide, Sb(C2H5)5S, which consists of shining crystals. Its 
solution behaves somewhat Hke a calcium sulphide solution. It precipitates 
sulphides from solutions of the heavy metals with the formation of salts of tiiethyl 
stibine. Triethylstibine chloride is also prepared from antimony pentachloride 
and CjHsMgl. The iodide, m.p. 70® (Ber. 37, 320). 

puaternary stibonium compounds, prepared from tertiary stibines by the 
addition of alkyl iodides, aro changed by moist silver oxide into tetrcbolkyl- 
stibonium hydroxides, Tetramethyl- and tetraethyl-stibonium iodide, Sb(C2H5)4l, 
as well as tetramethyl- and tetraethyl-stibonium hydroxide, (C2H5)4SbOH, greatly 
resemble the corresponding arsenic derivatives in their properties. For mercury 
double salts with tetraalkyl stibonium halides, see C. 1900, I. 1091. 

9. ALKYL COMPOUNDS OF BISMUTH 

These are closely comparable with those derived from antimony and arsenic ; 
but in accordance with the more metallic nature of bismuth, no compounds 
analogous to the stibonium or arsonium derivatives are formed. 

Further, in trialiyl derivatives the alkyl groups are less intimately united 
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with the bismuth than they are with arsenic and antimony in their corresponding 
derivatives. 

Tertiary bismuthines result from (1) the action of alkyl iodides on potas- 
sium bismuthide ; (2) the interaction of zinc alkyls and bismuth tribromide. 

Trimethyl hismuth, Bi{CH3)3, and triethyl bismuth, Bi(C3H5)3, are liquids 
which can be distilled without decomposition under reduced pressure. They 
explode when heated at the ordinary pressure (Ber. 20 , 1516 : 21 , 2035). Bis- 
muth trimethide is changed by hydrochloric acid to Bids and methane. The 
tri-ethide is spontaneously inflammable. It reacts with ioduie to diethyl bismuth 
iodide, Bi(C2Hs)2l ; and reacts with mercuric chloride to form ethyl bismuth 
dichloride, Bi{C2Hs)da : 

BUCJBish -I- ^HgCls = Bi(C2H3)Cl3 + 2Hg(0sH5)01. 

From the alcoholic solution of the iodide the alkalis precipitate ethyl bismuth 
oxide, Bi(CaH5)0, an amorphous, yellow powder, which takes fire readily in the 
air. The nitrate, C2H5Bi(N03)2, is produced by adding silver nitrate to the 
iodide. 


ORGANIC DERIVATIVES OF ELEMENTS OF 
GROUP IV 


10. ALKYL DERIVATIVES OF SILICON 


Silicon is the nearest analogue of carbon, to which its similarity 
is specially close in its derivatives with the alcohol radicals, which in 
many respects resemble the corresponding paraffins (Friedel, Grafts, 
Ladenburg, Ann. 203, 241). As early as 1863 WohUr directed atten- 
tion to the analogy existing between the carbon and silicon compounds, 
e.g, tetramethylsilicane, Si(CH 3 ) 4 , corresponds with tetrarmthylrnetJiane, 
C{GR,U. 

The alkylsilicanes are produced, like the alkylborines, when zinc 
alkyls act on (1) silicon halogen compounds ; (2) esters of silicic acid. 

(3) Silicon tetrachloride and ethyl magnesium iodide or bromide 
in ether give rise to a number of bodies according to the quantity 
of the second reacting substance employed ; 

CaHgSiCla ^ (C2H5)2SiCl2 ^ (C2H5)3SiCl (CaHgl^Si. 

If ethyl silicon trichloride is acted on by other organo-mag- 
nesium halides, mixed alkyl silicon compounds can be obtained, e,g. 
CiSi{C2H5){C6H5)(C3H,) (C. 1904, I. 636 : 1907, I. 1192). 

(4) Silicon tetrachloride or silicon chloroform, alkyl chlorides, and 
sodium in ether react to form alkyl silicon compounds : 

SiCh + 4CIC2H5 + 8Na = Si(C2H5)4 -f- 8NaCI. 

HSiClg + 3CIO5H11 + 6Na = HSi(C5Hii)8 -f 6NaCL ^ 

Tetramethylsilicane, silicon tetratmthyl, Si(CH3)4, b.p. 30®, I>o ~ 0*928, a 
liquid insoluble in water, is prepared from SiCl4 and zinc methyl or magnesiun> 
methyl bromide. 

Tetraethylsilicane, silicon tetraethyl, siUconomm, Si(C2H5)4, b.p. 153°, 
Do = 0*834, formed from SiCl4 and or CaHjCl and sodiiam, is a liquid 

insoluble in water* By the action of chlorine, it forms silicononyl chloride, a 
substitution product. Potassium acetate changes this^ to the acetic^ ester of 
silicononyl alcohol, which alkalis decompose into acetic acid and silicononyl 
alcohol : 




Sillcononane, 
b.p. 153^ 


Silicononyl chloride, 
b.p. 85“. 




Silicononyl aicobol, 
b.p, 190’. 
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Numerous tetraalkylsilieanes have been prepared by method 3 (Ber. 44, 2640 : 
45, 707). 

TetmisoamyUilicanef b.p. 275°. Triisoamylsilicane, Si(CgHii) 3 H, b.p. 245°, 
with bromine, passes into triisoamylbromosiUcatie, Si(C 5 Hii) 3 Br, b.p. 279°, a 
heavy liquid, fuming in the air, which with ammonia gives Triisoamylsilicol, 
Si(CgHu) 30 H, b.p. 270° (Ber. 38, 1665). 

Derivatives containing two atoms of silicon in the molecule, derived from 
“ dmlane,'^ SiHg-SiHg, are obtained by the action of magnesi^ alkyl halides 
on disilicon Jiexachloridet SigGlg, m.p. — 3°, b.p. 144°, which is obtained from 
60% ferrosilicon and chlorine at 180°. TrisUicon octachloridef SiaClg, b.p. 210° 
(J.C.S. 105, 2836). 

Hexame^yldisilane, MegSi-SiMeg, m.p. circa 12°, b.p, 113°, and hexaethyU 
disUanc, EtgSi-SiEta, b.p. 250°, are obtained from SigCle, and the appropriate 
magnesium alkyl halide. They are very stable compounds, imaltered in the 
cold by strong acids or alkalis (Ber. 45, 709 : 46, 3289). 

The similarity in constitution between the silicon and carbon compounds 
extends also to those containing oxygen, as the following compounds show. 

Triethylsilicon ethoxidc, (CaHglgSiOCgHg, b.p. 153°. Diethylsilicon diethoxide 
(C 2 H 5 ) 2 Si(OC 2 Hg) 3 , b.p. 155*8°. Etli/ylsilicon triethoxide, {C2H5)Si(0*C2H5)3, b.p. 
159°, is a liquid with a camphor-like odour. These three compounds are produced 
when zinc ethyl acts on ethyl silicate, Si(OC 2 H 5)4 (p. 170). 

Acetic anhydride converts triethylsilicon ethoxide into an acetic ester. When 
this is hydrolysed by potassium hydroxide, it yields triethylsilicol, (C 2 Hg) 3 SiOH, 
corresponding in constitution with triethylcarbinol. 

Acetyl chloride changes diethyl silicon diethoxide into diethylsilicon chloride, 
(C 2 Hs)aSiCl 2 , b.p. 148°. Water converts this into diethylsilicon oxide, ( 02 Hg) 2 Si 05 
corresponding with diethyl ketone in composition. 

With acetyl chloride, ethylsdicon triethoxide forms ethylsUicon trichloride, 
(C 2 Hg)SiCl 3 , b.p. about 100°. This liquid fumes strongly in the air, and when 
treated with water passes into ethylsUicic acid, (C 2 Hg)SiO’OH (silico -propionic 
acid), which is analogous to propionic acid, C 2 H 5 *CO*OH, in constitution. It is 
a white, amorphous powder, which becomes incandescent when heated in the 
air. It only resembles the corresponding propionic acid by being acidic in 
character. 

By the action of ethyl alcohol and water on SigClg the compounds hexaethossy* 
disilane, (EtO) 3 Si’Si{EtO) 3 , and sUico-oxalic acid, HOSiO’SiOOH, respectively 
are produced. The Si*Si link is destroyed in both compounds by the action of 
KOH, the siiico-ether linkage, Si*0*Si being substituted (J.C.S. 105, 2860), 

11. ALKYL DERIVATIVES OF GERMANIUM 

Germanium ethyl, Ge(C 2 Hs) 4 , b.p. 160°, is formed when zinc ethyl acts on 
germanium chloride. It is a liquid with a leek-like odom. {OL Winkler, J. 
pr. Chem. [2] 36, 204.) 

12. ALKYL DERIVATIVES OF TIN 

The best-known tin-organic derivatives are those containing four 
alkyl groups, of the general formula SnR^. In addition to these, 
further compounds are known, referable to the types SnR- and 
BaSmSnRs. 

The alkyl-tin derivatives have been studied by Lomg, GaJiours, 
Ladenburg and others. A general account of the organic tin com- 
pounds is given in Z. anorg. Chem. 68, 102, and Ber. 50, 1803. 

The methods used for the preparation of the tin compounds are 
of the same general type as those used for arsenic, antimony and 
other elements. 

(1) Action of zinc alkyls or magnesium alkyl halides on SnClg and SnCl 4 ; 
the compounds SnMe 4 , SnEt. and SnEt* have been prepared by this method 
(Ber. 37, 320 : C. 1904, I. 353). 

(2) Action of alkyl iodides on tin-sodium alloys (containing tin alone or 
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tin + zinc). If the alloy contains little sodium, the chief product is SnR2l2 ; 
if the sodium content is high, the product is SnRgl. 

Diethyl tin, Sn (02115)2, is a thick oil, which decomposes on heating into 
Sn(C2Hg)4 and tin, and which readily combines with oxygen, halogens or alkyl 
iodides. It is formed from tin diethyl chloride by reduction with sodium amalgam 
in ethereal solution, or by the action of ma^esium ethyl bromide on vSnClg 
(Ber. 44, 1269). Diethyl tin chloride, SnEtgClg, m.p. 85°, b.p. 220°: diethyl 
tin iodide, SnEt2l2, m.p. 44'5°, b.p. 245°. Diethyl tin oxide, SnEt20, forms 
a white insoluble powder, which is precipitated from the halogen derivatives 
by ammonia or other alkalis, and which dissolves in excess of alkali and forms 
salts, such as SnEtg (0X02)2 with acids. 

Tetramethyl tin, Sn(CH3)4, b.p. 78°, and tetraethyl tin, Sn(C2H,)4, b.p. 
181°, Dga = 1*187 ; both are colourless, ethereal -smelling liquids, insoluble in 
water. By the action of the halogens the alkyls are successively eliminated ; 
hydrochloric acid acts similarly : 

Sn(C2H5)4 + I2 = SnCCaHs)^ + C2H5I, etc. 

Sn(C2H5)4 + HCl = SntCgHslaCl + SCaHg, etc. 

(For tin tetraalkyls with different alkyl groups see C. 1904, I. 353.) 

The alkyl groups are not so firmly united in the tin alkyls as they are in the 
alkyls of silicon. 

Tricthyl tin chloride, 80(03115)30!, b.p. 208-210°, D = 1*428 : triethyl tin 
iodide, 80(03115)31, b.p. 231°, D22 = 1*833. Alcohol and ether are solvents for 
both. When either is acted on by silver oxide or potassium hydroxide, there 
is produced triethyl tin hydroxide, Sn(C2H 5)3*011, m.p. 66°, b.p. 272°, sparingly 
soluble in water, but readily soluble in alcohol and ether. It reacts strongly 
alkaline, and yields crystalline salts with the acids, e.g. Sn(C2H5)3*0*N02. When 
the hydroxide is heated for some time to almost boiling temperature, it breaks 

down into water and triethyl tin oxide, liquid, w^hich in 

the presence of water at once regenerates the hydroxide. 

By the action of sodium on the trialkyl tin halides, the hexaalkyldistanmnea 
HgSn-SnRg, are produced (Ber. 59, 1808). 

Hexaethyldistannane, (C2H5)3Sn*Sn(C2H5)3, is a heat-stable liquid, b.p. 
161°/23 mm. The distannane derivatives are decomposed by atmospheric 
oxygen to trialkyl tin oxides, and by halogens into trialkyl tin halides. 

Methylstannonic acid, CHgSnOOHjis formed at ordinary temperatures from 
iodomethane and an alcoholic solution of an alkaline stannous solution similarly 
to the preparation of methylsulphonic acid and methylarsenic acid (pp. 175, 
210) from iodoethane and an alkaline solution of sulphurous and arsenious acids : 

ICH3 H- HSnOaK + KOH = CHjSnOgK + KI + H2O. 

Methyl stannonic acid is a white amorphous powder, soluble in potassium 
hydroxide solution, from which it is precipitated by COg. Warming with alkalis 
produces stannates and dimethylatannic oxide, which by distillation with alkalis 
decomposes into stannates and trimethylstannic hydroxide ; 

2CH3Sn02K > SnOsK. 4* (CH3)2SnO. 

2e;oh 

3{CH3)2SnO ^ 2(CH3)3SnOH -{- K2SO3. 

Methyl stannonic acid is transformed by the halogen acids into Methyl tin 
triiodide, CHgSnIa, m.p. 86°, methyl tin tribromide, CHaSnBrg, m.p. 53°, and 
methyl tin trichloride, CHaSnCIg, m.p. 43°, which fume in the air like tin tetra- 
chloride. Thus, methyl stannonic acid behaves like eaeodylie acid, as an 
amphoteric electrolyte. 

Methyl stannic triiodide can also be obtained from stannous iodide and iodo- 
methane at 160° ; from stannic iodide and magnesium methyl-iodide together 
with trimethyl tin iodide, (CHalgSnl, b.p. 170° (Ber. 36 , 3027 : 37 , 4618) ; and 
by heating together tin tetramethyl and stannic iodide (C, 1903, II. 106). 

13. ALKYL DERIVATIVES OF LEAD 

The lead alkyl compounds resemble the tin derivatives closely, 
and among the aliphatic series, the tetravalent compounds PbR* are 
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far the best known. In the aromatic series, compounds PbArg and 
PbAxs (where Ar = an aromatic radical) are better known (cf, Vol. II 
and Ber. 54, 2060 : 55, 888). 

The compounds are formed (1) by the action of zinc ethyl or 
magnesium ethyl iodide on lead chloride (PbCl 2 ) whereby the tetra- 
alkyl derivative PbEt 4 is produced. 

(2) By the action of alkyl iodides on lead-sodium alloy, yielding 
the compound PbaEte. 

Tetramethyl lead, b.p. 110°, and tetraethyl lead, b.p, 91°/19 
mm., are oily liquids which cannot be distilled undecomposed. The 
tetraethyl derivative has been much used recently as an “ anti-knock ’’ 
substance in motor-fuels. 

Trieihyl lead chloride, Pb(C 2 H 5 ) 3 Cl, and triethyl lead iodide, Pb(C 2 H 5 ) 3 l, are 
formed from tetraethyl lead and triethyl lead by hydrochloric acid or iodine 
respectively. The iodide is transformed by moist silver oxide into a thick, strongly 
alkaline liquid, dissolving with difficulty in water and forming salts with acids. 
Triethyl lead sulphate, [Pb(C 2 H 5 ) 3 ] 2 S 04 , is slightly soluble in water. 

The triethyl halides form the starting substance for the preparation of mixed 
tetraalkyl derivatives, PbR'gR. (Ber. 50, 202). 

By the action of halogens on the tetraalkyl derivatives at — 20°, two alkyl 
groups are split off with the formation of compounds PbRgXg, which react with 
the Grignard compounds to give another series of mixed lead tetraalkyls of the 
type PbR^2®'2 49, 1546). 

The compound Pb^Etg has also been prepared by the electrolysis of PbEtjOH 
in ethyl alcohol. It is a heavy yellow oil, unstable in air (J.A.C.S. 45, 1821). 


ORGANIC DERIVATIVES OF THE ELEMENTS 
OF GROUP III 

14. ALKYL DERIVATIVES OF BORON 

These are fonned by the action of zinc alkyls on (1) boron trichloride, (2) 
ethyl borate (p. 169) [Frankland, Ann. 124, 129) : 

2B(0C2H5)3 -h 3Zn{C2H5).2 - + 3(C2H3-0)aZn. 

Trimeihylborine is a gas. Tricthylborine, B{C 2 H 5 ) 3 , b.p. 95°. Both ignite in 
contact with the air and possess an extremely penetrating odour. When heated 
together with hydrochloric acid, tricthylborine decomposes into diethylborine 
chloride and ethane : 

B(C2H3)3 -f Ha - B(C2H5)2CI + C2H3. 

Slowly oxidized in the air, triethylborine passes into the ester, B(C2H5){0'C2H3)2, 
b.p. 125°, which water decomposes into- ethylboric acid, C 2 H 5 *B(OH) 2 . For other 
alkylboric acids, see Ber. 42, 3095. 

15. ALKYL DERIVATIVES OF ALUMINIUM 

The aluminium alkyl derivatives resemble those of boron. They are obtained 
by the action of mercury alkyls on aluminium or by adding anhydrous aluminium 
chloride to an ethereal solution of a Grignard reagent (Ber. 56, 466). Aluminium 
alkyl derivatives are also obtained by the direct action of alkyl bromides on clean 
turnings of a magnesium -aluminium alloy (Electrometal) (Ber. 56, 466). 

Trimethyl aduminium, AI(CH 3 ) 3 , b.p. 130°. Trieihyl aluminium, A1(C2H5)3, 
b.p. 194°. Both are colourless liquids and are spontaneously inflammable. 
Water decomposf^ them with great violence, forming methane (or ethane) and 
aluminium hydroxide. Their vapour densities indicate a mono- rather than a 
di- molecular constitution (see Ber. 22, 551 ; Z. physik. Chem. 5, 164). 
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16. ALKYL DERIVATIVES OF THALLIUM 

Thallium dialkyl halides of the type TIRgX are prepared by the interaction 
of thallium chloride, TICI3, and magnesium alkyl halides in ether solution (p. 219). 
They are crystalline bodies, dissolving in water with great difficulty, and decom- 
posing on being heated. They can be recrystallized from an alkaline aqueous 
solution without decomposition ; moist silver oxide produces strongly alkaline, 
easily soluble hydroxides, e,g. diethyl thallium hydroxide, T 1 (C 2 H 5 ) 20 H, which 
absorb CO 2 from the atmosphere and precipitate hydroxides from solutions of 
the metals, thus resembling thallous hydroxide TlOH (Ber. 37, 2051). 

Triethyl thallium, TlEtg, from TlEtoCl and LiEt, b.p. 54*6°/l -5 mm. ( J. A.C.S. 
52, 2999). 

ORGANIC DERIVATIVES OF THE ELEMENTS 
OF GROUP II 

ORGANOMETALLIC COMPOUNDS 

Although some of the compounds which have already been dis- 
cussed really belong to the class of “ organometalKc compounds,"' it 
is to the compounds formed by the elements of Groups I and II of 
the periodic table that this description is most usually applied. 

The metaUo-organic compounds are those resulting from the union 
of metals with univalent alkyls ; those with the bivalent alkylenes, 
C„H 2 n> have not yet been prepared. Inasmuch as we have no marked 
line of difference between metals and non-metals, the metallo-organic 
derivatives are connected, in the one direction, through the derivatives 
of antimony and arsenic, with phosphorus and nitrogen bases ; and in 
the other, through the selenium and tellurium compounds, with the 
alkyl sulphides and ethers ; whereas the lead derivatives approach 
those of tin, and the latter the silicon alkyls and the hydrocarbons. 

Within recent years, in addition to the derivatives of zinc, cad- 
mium, mercury and magnesium, which have been known the longest, 
derivatives of practically every metal, including even the alkali metals, 
have been prepared. 

Those compounds in which the metals present their maximum 
valence, e.g. : 

II III IV IV 

Hg(CH3).2 A1(CH3)3 Sn(CH3)4 Pb{CH3)4 

are volatile liquids, usually distilling without decomposition in vapour 
form ; therefore, the determination of their vapour density is an 
accurate means of establishing their molecular weight, and the valence 
of the metals. 

The behaviour of the metallo-organic radicals, derived from the 
molecules by the loss of single alkyl groups, is especially noteworthy. 
The univalent radicals, e.g * : 

II m IV IV V 

— Hg(CH3) — Tl(CH3)2 — Sn(CH3)3 — Sb(CH3)4, 

show great resemblance to the alkali metals in all their derivatives, 
like other univalent radicals, they cannot be isolated. They yield 
hydroxides, e.g. : 

Hg(CaH3)-OH T1(CH3)2-0H 
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which are comparable to KOH and NaOH. Some of the univalent 
radicals, when set free from their compounds, become doubled : 

As(CH 3)2 Si(CH3)3 Sn{CH3)3 Pb(CH3)3 

i i i i 

As{CH 3)3 Si(CH3)3 Sn(CH3)3 Pb(CH3)3. 

By the loss of two alkyls from the saturated compounds, the 
divalent radicals result : 

ni IV IV V 

=Bi{CH3) -Te(CH3)2 ^SnCCaHs)^ =Sb(CH3)3. 

In their compounds (oxides and salts) these resemble the divalent 
alkali earth metals, or the metals of the zinc group. A few of them 
can be obtained in the free condition. As unsaturated molecules, 
however, they show strong inclination to saturate two single afifin- 
ities directly. Antimony triethyl, Sb(C2H5)3 (see p. 212 ), has the 
power of reacting with acids to form salts, liberating hydrogen at 
the same time. 

Finally, the trivalent radicals, like =As(CH3)2, can also figure as 
univalent, as in the case of vinyl, CgHg. These may be compared 
to aluminium ; and cacodylic acid, As(CH3)20*0H (p. 211), to 
aluminium metahydroxide, AlO-OH. 

We conclude, therefore, that the electro-negative metals, by the 
successive union of alcohol radicals, always acquire a more strongly 
basic, alkaline character. This also finds expression with the non- 
metals (sulphur, phosphorus, arsenic, etc.). (Comp. pp. 173 , 208 , 212 .) 

The first metallo-organic derivatives were prepared by Frankland. 
The zinc alkyls are particularly important as alkylating bodies, but 
are being replaced by magnesium alkyl halides, which are much more 
convenient to work with. 

Methods of Formation : 

( 1 ) Action of metals (Mg, Zn, Hg) on alkyl iodides. 

( 2 ) Action of alloys (Pb, Na) on alkyl iodides (see Bi-, Sb-, Sn- 
compounds). 

( 3 ) Action of metals (K, Na, Be, Al) on metallo-organic bodies 
(zinc alkyls, mercury alkyls). 

( 4 ) Action of metallic chlorides (PbClg) on metallo-organic deriva- 
tives (zinc alkyls or magnesium alkyl halides ; comp. BCI3, SiCl*, 
SnCU, GeCl^ on zinc alkyls or magnesium alkyl halides). 

( 5 ) By the action of aluminium carbide on the hydrochloric acid 
solutions of metallic salts (Ber. 46 , 3738 ). 

17 . ALKYL DERIVATIVES OF BERYLLIUM 

JHeihyl beryllium, Be(C 3 H 5 ) 2 , b.p. 185-188°, is prepared from the metal and 
zinc ethyl. It is spontaneously inflammable. Dipropyl beryllium, BefCaH,)*, 
b.p. 245° (see also Ber. 56, 467 : J.A.C.S. 45, 2693). 

18 . ALKYL DERIVATIVES OF MAGNESIUM 

The most important organic derivatives of magnesium are the 
magnesium alkyl halides, usually referred to as the ^^Qrignard 
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Reagents ” after the investigator who first studied their preparation 
and properties.* These compounds are much easier to prepare and 
to manipulate than the magnesium dialkyl compounds. 

Magnesium dialkyls. Dimethyl magnesium MgMe 2 and the corresponding 
ethyl compound MgEt 2 are white solids spontaneously inflammable even in a 
COg atmosphere. They decompose on heating with the formation of hydro- 
carbons, and with water react similarly to the zinc alkyls. They are prepared 
by the action of magnesium on the corresponding mercury derivative (Ann. 
276, 129). 

Magnesium alkyl halides. Grignard Reagents. 

In 1899 Barbier (Compt. rend. 128, 110) discovered that when the 
product of reaction between methylheptenone, CeHn-CO-CHg, and 
methyl iodide in the presence of magnesium and ether was treated 
with an acid, the compound dimethylheptenol, G 6 Hn*C(OH)(CH 3 ) 2 , 
could be isolated. As zinc methyl reacts with ketones to form similar 
products, it was thought that the action of the magnesium might be 
to form CHaMgl as an intermediate product, and Grignard who sub- 
sequently investigated the reaction was able to show that the reaction 
was a general one and that compounds of the tj^pe MgRX were pro- 
duced from alkyl halides and magnesium in the presence of ether. 
This reaction is now of the greatest importance in the synthesis of 
very many organic compounds. 

The reaction proceeds most readily with the iodides and bromides : 
the chlorides frequently require the addition of a little iodide [of, 
Ber. 38, 2759), mercuric chloride (Am. Chim. Phys. [8] 9, 533), or 
previously prepared Grignard solution (Ber. 39, 1746 : Bull. Soc. 
Chim. [3] 35, 1079) to start the reaction. When secondary and 
tertiary alkyl halides are used, the reaction sometimes takes place 
in a different manner, halogen hydride being split off: at low 
temperatures the reaction may proceed normally. The reaction 
takes place readily with the aromatic halogen derivatives such as 
iodobenzene. 

The solvent, usually ether, takes a very important part in cata- 
lysing the reaction. When excess of solvent is distilled off, the mag- 
nesium alkyl halides remain behind usually as crystalline “ etherates,’^ 
MgRIjEtgO, MgRI,2Et20. Other compounds such as tertiary amines 
can take the place of the ether in the reaction, compounds of the 
type MgRIjNRg being produced (Ber. 37, 3088 : Oddo^ Atti. R. 
Accad. Lincei. [5] 13* II- 100). The addition of a few drops of di- 
methylaniiine to a benzene solution of iodoethane, for example, causes 
the production of pure magnesium ethyl iodide in the form of a 
white powder by the action of magnesium. This reacts analogously 
to the “etherates” and dissolves in ether, with an evolution of 
heat, to form these bodies (Ber. 38, 4534 : 39, 1674). The latter 
compounds are not so important as those formed in the presence 
of ether. 

The constitution of the Grignard reagent has been much studied,* 

* ** Sur les combinaisons organomagn^sienues mixtes et leur applications k 
des s 3 mtheses.’' Bull. soc. chim. [4], 13, 1; c/. also SchmicU, tlber die organ- 
isehen Magnesuimverbindungen imd ihre Anwendung zu Synthesen, Teil I und 
II, Stuttgart, 1905 and 1908. 
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and can best be represented by the formula of Meisenheimer (1) (Ber. 
54, 1655). The modern electronic representation of this is (II) : 

/R {OA)20\ /R 

/Mg<( I Mg/ 

\l \l 

(I) (II) 

The Grignard reagents in ethereal solution are very reactive and 
behave similarly to the zinc alkyls. The reactions, however, usually 
take place more smoothly. 

Reactions. — (1) The compounds are decomposed energetically by 
water, alcohols, ammonia, and primary and secondary amines with 
the formation of hydrocarbons. 

R'Mgl + ROH ^ R'H + ROMgl 

R'Mgl + RNHg ^ R'H + RHN-Mgl 

Acetylene, hydrocyanic acid, indene (Vol. II : Compt. rend. 152, 
272) and fluorene (Vol. II : Compt. rend. 152, 1493) behave similarly. 
See also pyrrole and indole (Vol. III). 

This reaction is the basis of the method for the estimation of 
“ active ” hydrogen atoms (Zerewitinoff, Ber. 45, 2384 : Z. anal. 
Chem. 52, 729 : Ber. 47, 1659, 2417 : micromethod, see Flaschen- 
trager, Z, physiol. Chem. 146, 219). 

The compound MgNHgl obtained by the action of dry ammonia 
on the ethereal solution of a Grignard reagent is very reactive and 
is sometimes useful for the preparation of amides from acid chlorides 
and esters. It reacts readily with acetonylacetone to yield 2 ; 5- 
dimethylpyrrole (Gazzetta, 53, i, 64). 

(2) Oxygen and sulphur are absorbed, and alcoholates and mer- 
captides result : 

RMgX + O ^ ROMgX RMgX + S > RSMgX. 

(3) CO 2 , COS, CS 2 S so 2 , are taken up, forming salts of carboxylic 
acids, thiocarbonie acids, carbithionio acids, sulphinic acids, e.g, : 

CgHsMgl + CO 2 = CoHsGOOMgl. 

(4) NO . 2 forms salts of the /S-dialkyl hydroxylamines (p. 205) and 
NO those of the /3-nitroso-alkyl hydroxylamines (p. 206). 

From alkylazoimides, diazoamino’ compounds (p. 204) are formed. 

From aliphatic diazo-compounds, hydrazones are produced 
(Monatsh. 34, 1609). 

(5) From aldehifdes and ketones, carboxylic esters, acid anhydrides, 
chlorides and salts, primary, secondary and tertiary alcohols are 
formed (see p. 133). 

Many of these tertiary alcohols give up water, yielding olefines, 
especially in presence of an excess of RMgX ; see e.g, diolefines 
(p, 115), etc. 

Ethylene oxide and its homologues unite with the magnesium 
alkyl halides to form alcohols (p. 134). 

Formic acid derivatives, such as esters, orthoesters, imido ethers, 
dialkylamides, fsonitriles, under suitable conditions, yield aldehydes. 

Carboxylic acid amides and nitriles frequently give'^rise to ketones. 

The magnesium alkyl halides are added on to many a^-olefine 
ketone, carboxyhc acid esters, and nitriles at thp double bond, form- 
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ing the corresponding jS-alkyl paraffin compounds (0. 1907, I. 559, 

etc.). 

With SohifE’s bases, RCH : NR^ they form secondary amines, 
RR''CH*NHR\ Often these bodies, ketones, and other substances 
are only reduced by the organo-magnesium halides (Ber. 38, 2716 : 
C. 1906, II. 312). 

(6) Iodine changes the magnesium alkyl chlorides and bromides 
to alkyl iodides. 

(7) Halogen or sulphuric acid compounds of many radicals have 
the Jialoid or sulphuric acid residues replaced by alkyl, e.gr. : 

CfiHiiMgBr + BrCHjsOCHa CsHxiCHgOCHg. 

C%HiiMgBr 4- 

By similar reactions for the preparation of t^oamyl and isohexyl 
magnesium bromides, dii^oamyl and dmohexyl are formed as by- 
products (Ber. 36, 3084). 

(8) The chlorides of many metals and non-metals react with the 
Grignard reagents to form alkyl derivatives of these elements (see 
under alkyl derivatives of P, As, Sb, Si, etc.). 

(9) Good yields of the simpler alcohols are obtained from the 
Grignard reagents by the action of hydrogen peroxide (Gazzetta, 51, 
ii, 343) ; 

MgRX + HsOa R-OH + MgX-OH. 

19. ALKYL DERIVATIVES OF ZINC 

Zinc methyl and zinc ethyl were discovered in 1849 by Frankland 
(Ann, 71, 213 : 85, 329 : 99, 342). The zinc alkyls are exceedingly 
reactive, and are, on this account, a very important class of the 
metallic alkyls. 

Methods of Formation. — (1) When zinc fOings act on iodides of 
the alcohol radicals in sunlight, iodides are formed, which are de- 
composed by heat into zinc alkyls and zinc iodide : 

C 2 H 5 I + Zn = IZnCgHj. 

2 Zn(C 2 H 5 )I = ZnCC^Hs)^ 4* Znl^. 

The action may be accelerated if the zinc turnings have been previously 
corroded, or by the application of zinc-sodium or zinc-copper. In preparing 
zinc ethyl, ethyl iodide is poured over zinc cuttings and a little pure zinc ethyl 
is then added. The formation of IZn-CgHg is then completed at the ordinary 
temperature, and this body separates in large, tran^arent crystals. When it 
is heated in a current of CO 2 , it yields zinc ethyl (Ann. 152, 220 : Ber. 26, R. 88 : 
C. 1900, II. 460). It is also formed by the solution of zinc in a boiling ether 
solution of iodoethane (C. 1901, II. 24). 

(2) The mercury alkyls are converted by zinc into zinc alkyls, 
with the separation of mercury : 

+ Zn = ZnCC^Hs)* 4- Hg. 

Properties. — ^The zinc alkyls are colourless, disagreeable-smelling 
liquids, fuming strongly in the air and igniting readily ; therefore, 
they can only be handled in an atmosphere of carbon dioxide. They 
inflict painfxil wounds when brought into contact with the skin. 

EeacHons . — ^The zinc alkyls are exceedingly reactive. 
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(1) Water decomposes them very energetically, forming hydro- 
carbons and zinc hydroxide (see Methane, Ethane, pp. 92, 03). 

(2) Oxygen is taken up by slow oxidation in the air, and com- 
pounds, e.g, (CH 3 ) 2 Zn 02 , analogous to peroxides, are produced ; they 
explode readily and liberate iodine from potassium iodide (Ber. 23, 
394). 

(3) The alcohols convert the zinc alkyls into zinc alcoholates and 
hydrocarbons ; according to relative quantities of the reacting bodies, 
ethyl zinc ethoxide or zinc alcoholate is formed, together with 
ethane (C. 1901, II. 1200). 

Zn(C,H.), > ‘ 

(4) The free halogens decompose both the zinc alkyls and those 
of other metals very energeticaUy : 

Zn(C2H5)3 + SBra = 2C2H5Br + ZuBr^. 

(5) They react with chlorides of the heavy metals and the non- 
metals, whereby alkyl derivatives of the latter are produced (p. 218). 

(6) The zinc alkyls absorb sulphur dioxide and are converted into 
the zinc salts of the sulphinic acids (p. 177). 

(7) Nitric oxide and zinc diethyl produce the zinc salt of the so- 
called dinitroethylic acid, CgHs^NgOsH (p. 206). 

The application of the zinc alkyls is particularly important in 
nucleus-synthetic reactions : 

(8) Hydrocarbons are formed when the zinc alkyls are heated with 
alkyl iodides (see p. 96). 

(9) When zinc alkyls (zinc and alkyl iodides) act on aldehydes, 
acid chlorides, acid anhydrides (C. 1901, II. 188), ketones, formic 
esters, acetic esters, lactones, and chlorinated ethers, derivatives of 
secondary, tertiary, and primary alcohols, as well as of ketones, are 
produced. The alcohols (p. 132) and ketones (p, 257) can easily 
be obtained from them. 

The alkyl oxides and the alkylene oxides are, however, not affected 
by the zinc alkyls (Ber. 17, 1968 : C. 1901, II. 188), but, on the other 
hand, the heating together of ethylene oxide and magnesium alkyl 
halides is a method of synthesis of the primary alcohols (p. 134). 

Zimi methyl, Zn(CH 3 ) 2 , b.p. 46° ; = 1-386, and 

Ziiic ethyl, ZnfCaHs)^, b.p. 118°; Djg = 1-182, both solidify when cooled 
(Ann. 261, 59). 

Zinc prQ23yl, Zn(0H2CH2CH3)2, b.p. 146°. 

Zmc isopropyl, Zn(C 3 H 7 ) 2 , b.p. 136° (Ber. 26, R. 380). 

Zinc hd^uiyl, Zn(C 4 H 2 ) 2 , b.p. 166° (Ann. 223, 168). 

Zitic isoamyl, Zn{C 5 Hji) 2 , b.p. 210° (Ann. 130, 122). 

20. ALKYL DERIVATIVES OF CADMIUM 

Cadmium methyl, CdMe 2 , b.p. 104°, which closely resembles zinc methyl is 
most readily obtained by the action of magnesium methyl bromide on anhyd roua 
cadmium bromide (Ber. 50, 1817). 

21. ALKYL DERIVATIVES OF MERCURY 

Mercury resembles magnesium in forming two types of alkyl 
derivatives, the dialkyl compounds HgRg and the alkyl halogen 
compounds HgRI. 
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Dialkyl Derivatives. — HgRg. These are best obtained by the 
action of magnesium alkyl bromides or chlorides, less satisfactorily 
iodides, on mercuric bromide or chloride {Preparation, J.A.G.S. 44, 
153). The compounds HgRX are produced as intermediates. The 
other methods of formation, from sodium amalgam and alkyl iodides, 
or mercuric chloride and zinc alkyls are of less practical importance. 

Properties , — ^These compounds are colourless, heavy liquids, pos- 
sessing a faint, peculiar odour. Their vapours are extremely poisonous. 
Water and air occasion no change in them, but when heated they ignite 
easily. 

Mercury methyl, Hg(CH3)2, b.p. 95®, D — 3-069. Mercury ethyl, Hg{C2H5)2, 
b.p. 159®, ID = 2-44, and at 200® breaks down into Hg and butane, CaHs-CgHg. It 
yields ethane (p. 93) when treated with concentrated sulphuric acid. 

Mercury sec.-butyl, Hg[CH(CH3)(C2H5)]2, b.p. 91-93°/15 mm., is prepared by 
electrolytic reduction of methyl ethyl ketone in sulphuric acid solution at 50® 
with a mercuiy cathode (Ber. 39, 3626). 

2C,H80 4- Hg + 6H = ILgiCjai,), 4- 2HgO. 

The mercury alkyl halides are formed (1) by the action of mer- 
cury on alkyl iodides in sunlight, (2) from the dialkyl mercury deriva- 
tives — (a) by the action of halogens ; (6) by the action of the halogen 
acids ; (c) by the action of mercuric chloride. 

Mercury methyl iodide, CHsHgl, m.p. 143°, forms shining needles, and is 
insoluble in water. Silver nitrate changes it to methyl mercury nitrate, CHj- 
Hg-ONOg. Mercury ethyl iodide, CgHgHgl, is decomposed, by sunlight, into 
mercuric iodide and C4Hio« Mercury allyl iodide, CgHsHgl, m.p. 135®, is con- 
verted by HI into propylene and mercuric iodide, Hgig. 

Moist silver oxide changes the haloid derivatives to hydroxyl compounds : 

CgHsHgCl 4- AgOH - CgHs-Hg-OH 4- AgCl, 

Ethyl mercuric hydroxide, CgHsHgOH, is a thick liquid, soluble in water and 
in alcohol. It reacts strongly alkaline, and forms salts with acids. 

Mercury compounds, derivable from glycol, result from the action of ethylene 
on mercuric salts (Ber. 34, 2910). 

22. ALKYL DERIVATIVES OF CALCIUM 

Calcium ethyl iodide is prepared similarly to the magnesium compound from 
calcium and iodoethane in ether solution. It forms an “ etherate,” CgHgCal- 
0(02113)2, which is a white amorphous powder, soluble with difficulty in ether. 
It generates ethane when acted on by water (Ber. 38, 905). 


ORGANIC DERIVATIVES OF ELEMENTS OF 

GROUP I 

The alkyl compounds of the alkali metals cannot be obtained pure from 
zinc alkyls and sodium ; for their preparation the reaction between an alkali 
metal and a mercury alkyl in the absence of air, CO2 and moisture is used 
(Apparatus, see Ber. 46, 2845). 

HgRj 4- 2Na 2NaR 4- Hg. 

They are usually amorphous powders, insoluble in indiJSerent solvents, and 
spontaneously inflammable in air (Schlenk, Ber. 50, 202). 

Lithium methyl, LiJVIe, colourless, mieroeryStalUne powder. Sodium methyl 
and sodium ethyl, white powdem. Homologues, see Ber. 50, 262 : Sodium benzyl, 
Na-CHgCgHs, red, ether-soluble crystals. 

The sodium alkyls have been regarded as intermediate compounds in the 
Wurtz reaction (p. 96). 



2 AND 3. ALDEHYDES AND KETONES 


The close relationship which exists, on the one hand, between 
primary alcohols, aldehydes and the carboxylic acids, and on the 
other hand, between the secondary alcohols and the ketones has been 
already pointed out. 

Aldehydes and ketones resemble each other in containing the 
carbonyl group *CO-, but in the former this is combined with one 
alkyl group and a hydrogen atom, in the latter it is combined with 
two alkyl groups 

RCOH R-CO-R'. 

Aldehyde. Ketone. 

Aldehydes and ketones can be regarded as the anhydrides of 
dihydroxy compounds in which both hydroxyl groups are attached 
to the same carbon atom. When the formation of a compound con- 
taining the group C(OH )2 would be expected in a reaction, with cer- 
tain exceptions where this compound is stable, the corresponding 
compound containing the CO group is formed by loss of water. In 
aqueous solution there is an equilibrium between the two forms, 
C(0H)2 CO -f HgO. 

The ethers of the two hydrated forms R*CH(OR ')2 and R-C{OR') 2 ‘R" 
are capable of existence. 

The following important methods of preparation are common to 
aldehydes and ketones : 

(1) Oxidation of the alcohols, whereby aldehydes are formed from 
the primary, and ketones from the secondary alcohols. 

R-CHaOH + o R-CHO + HgO 

Primary Aldehyde, 

alcohol. 

R-CH(OH)-R' + O > R-CO-R' + H2O. 

Secondary alcohol. Ketone. 

The above equations represent the end-result, but Wieland has 
attempted to explain the mechanism of the reaction as follows. He 
regards the reaction as taking place through the activation of two 
hydrogen atoms in the alcohol, leading to an equilibrium 
R-CHjOH R-CHO + Hj. 

If a hydrogen acceptor,^' which is capable of uniting with the hydrogen, 
is present, the equilibrium is shifted from the left to the right of the 
above equation, and the aldehyde or ketone is formed. 

According to Wieland, the oxygen takes a passive, part in the 
reaction, and indeed the reaction can take place in complete absence 
of free oxygen in the presence of other hydrogen acceptors such as 

224 
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quinone or methylene blue. He was able to convert ethyl alcohol 
and lactic acid into their oxidation or dehydrogenation products by 
shaking them in absence of air with finely-divided palladium as a 
hydrogen activator, and quinone as a hydrogen acceptor (Ber. 45, 
488 : 46, 3327). Biological oxidations apparently follow a similar 
mechanism (Ber. 47, 2806 : for a critical exposition of the Wieland 
theory, see Z. angew. Chem. 40, 1130). 

By further oxidation the aldehydes become changed into carboxylic acids 
whilst the ketones are decomposed. 

Conversely, aldehydes and ketones are reconverted into primary and secondary 
alcohols by an addition of hydrogen : 

CHs-CHO -f- Hg == CHa-CHg-OH. 

Aldehyde, Ethyl alcohol. 

C|p>CO + H, = g|>>CH-OH. 

Acetone. isoPropyl alcohol. 

(2) The dry distillation of a mixture of the calcium, or better, 
barium salts of two monobasic fatty acids produces aldehydes or 
ketones according as one of the acids be formic acid or not. 


H.COO-. . CH3*C00-^C _ CH3-COH 


Calcium formate. 


Calcium acetate. 


Acetaldehyde. 


In all other instances ketones result, and they are either simple, 
with two similar alkyl groups, or mixed, with two dissimilar alkyl 
groups : 

Swo>C“ = ci:>co + caCO,. 

Acetone, 

CT::C00>°" + C:l:co8>0“ = ^^^>00 + 2CaCO,. 

Calcium propionate. Ethyl methyl ketone. 

On extending this reaction to the calcium salts of adipic, pimelio and suberic 
acids, c2/c?oparaffin ketones are produced. 

(3) Aldehydes and ketones are obtained by direct addition of 
water to acetylenic hydrocarbons, by the use of suitably diluted sul- 
phuric acid in the presence of mercury salts (see Acetylene, p. 112). 

(4) Alkyl hypochlorites, which can be obtained nearly quantita- 
tively from the alcohol, sodium hydroxide and chlorine, decompose 
under suitable conditions of light and temperature to yield aldehydes 
and ketones and HCl. The h 3 ?pochlorites of tertiary alcohols 3 ?ield 
ketones and alkyl chlorides {Chattaway and Bctckebergy J.C.S. 123, 
2999). 

K-CHaOCl > R-CHO + HCl 

R2CHOCI R-CO‘R -f HCl 

RgC-OCl > R-CO-R + RCl 


2A. SATURATED ALDEHYDES. C„H2a+i CHO 
The aldehydes exhibit in their properties a gradation in behaviour 
similar to that of the alcohols. The lower members are volatile 
liquids, soluble in water, and have a peculiar odour, but the higher 
axe solids, insoluble in water, and cannot be distilled without decom- 
VOL. I. Q 
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position. In general they are more volatile and dissolve with more 
difficulty in water than the alcohols. Chemically the aldehydes are 
neutral substances (Ber. 39, 344). 

The reactivity of the aldehydes places them amongst the most 
important substances for purposes of synthesis, and it is for this reason 
that the large number of methods for their preparation is being con- 
siderably increased, especially during the latter years (Bull. Soc. Chim. 

[3] 31, 1306). 

Formation and Preparation 

(1) By the oxidation of primary alcohols, whereby the — CH 2 -OH 
group becomes changed to — CHO (p. 128). 

The above oxidation may be effected by atmospheric oxygen in presence of 
spongy platinum, and by the action of potassium dichromate or Mn 02 and dilute 
sulphuric acid (Ber. 5, 699). Chlorine acts similarly in that it first oxidizes the 
primary alcohols, but then substitutes the alkyl groups of the aldehydes which 
have been formed (p. 232). 

Oxidation of alcohol leads to a good yield of aldehyde with the lower mem- 
bers of the series only, where the product is sufficiently volatile to escape quickly 
from the region of reaction ; otherwise the aldehyde is further oxidized to a 
carboxylic acid, which in turn unites with some of the unchanged alcohol to 
form an ester. Even in the case of acetaldehyde, the yield is practically doubled 
if the reacting mixture is stirred rapidly to disengage the aldehyde as quickly 
as it is formed, 

(2) A direct decomposition of a primary alcohol into Hg and an 
aldehyde is brought about by passing alcohol vapours through a red- 
hot tube, or, better, over finely-divided copper at 200-350® (Ber. 36 , 
1990 : C. 1905, I. 1002). 

The following methods of preparation depend on the reduction 
of carboxylic acids : 

(3) By heating the calcium salts of fatty acids with calcium formate. 
This operation, when working with aldehydes which volatilize with 
difficulty, should be carried out under diminished pressure (Ber, 13, 
1413). 

(4) By the reduction of (tcid chlorides and anhydrides by nascent 
hydrogen, best from sodium in moist ether (Ber. 29 , R. 662), or cata- 
lytically in the presence of nickel or palladium (Ber. 51 , 585 : 54 , 
2888 : 55 , 609). 

CHg-COCl -f 2H == CHs-CHO -f HCI. 

Acetyl chloride. Acettddehyde. 

(CH3-C0)20 + 4H *= 2CHa*CHO + HgO. 

Acetic anhydride. Acetaldehyde. 

Hydrazones of the aldehydes are obtained by reduction of imido -ethers of 
c^boxylic acids by sodium amalgam in acid solution in the presence of hydra- 
zines (Ber. 38, 1362) : for formation of aldehydes from anhydrides by means 
of the diphenylamidines, see Ber. 41, 2064. 

In accordance with methods (3) and (4) the aldehydes may be viewed as 
hydrides of the acid radicals, 

(5) From the nitriles of the fatty acids, by way of their imino- 
chlorides. The nitrile is added to an ethereal solution of stannous 
chloride saturated with HCI, After a few minutes the crystalline 
stannichloride of the aldimine separates, and can be hydrolysed by 
water and the aldehyde extracted with a solvent or distilled off in 
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steam. With some of the higher nitriles, the yield is practically 
quantitative (Stephen, J.C.S. 127, 1874). 


R-CN + HCl - 
R-CCl : NH + SnCljs + 2HC1 - 
R-CH : NH + ■ 


-> R-CCl : NH 
(Iminochloride.) 

R-CH : NH-HCi + SnCl^ 
(Aldimine hydrochloride.) 

•^R-CHO + NHs 


(6) The preparation of aldehydes by hydrolysis of some of their 
derivatives is of great practical importance. 

(a) from aldehyde-ammonia and aldehyde-bisulphite compounds 
(see below) ; from oximes and hydrazones (pp. 250, 252) ; 

(b) from aldehyde chlorides (p. 243) by heating them with water 
and lead oxide : 

CHgCHCla > CH3CH(0H)2 > CH3CHO ; . 

(c) from ethers and esters of aldehyde hydrates, the acetals and 
aikylidene diacetates, by means of dilute alkalis or acids : 

/OR /OH 

CHsCH/ ^ CHgCH/ > CH3CHO. 

\OR \OH 

In the course of these reactions aa-glycols, dihydroxyl compounds, 
should be formed ; if they are, they instantly give up water and pass 
into aldehydes (p, 46). 

(7) From cc^-glycols or their ethers, containing at least one primary 
alcohol group, by loss of water or alcohol, or from the corresponding 
ethylene oxide, by intramolecular isomeric change. 

(а) Ethylene glycol yields acetaldehyde when heated with dilute 
sulphuric acid or other dehydrating agents. 

(б) Primary-secondary glycols yield under the same conditions a 
mixture of aldehyde and ketone ; 

^ R-CHo-CHO 

RCHOH-CHaOHC 

^ R-COCHa 

(c) Primary -tertiary ethylene glycols yield aldehydes when heated 
with anhydrous formic and oxalic acid ; the ethers, RaC(0H)*CH20R, 
react particularly easily (Ber. 39, 2288 : Ann. Chim. Phys. [8] 9, 484) : 

RaC(0H)-CH20C2H5 = R^CH-CHO + C2H5OH. 

(d) Ethylene oxide and its homologues, especially the primary- 
tertiary compounds, undergo internal rearrangement when heated with 
zinc chloride, or alone (Ber. 36, 2016), or by passing their vapour 
over heated AI2O3 (Ber. 56, 2178) : 

CHax CH3 CH3(C2H5 )Cv (CH 3)(C2H3)CH 


(8) The sodium salts of the primary nitroparaffins yield aldehydes 
and NgO when treated with acids. Nitro-olefines of the formula 
RCH=CHN02 on reduction yield oximes of the aldehydes (C. 1903, 
II. 553) : 


(CHslaC : CHNOa 


(CHaljCH-CH ; NOH 


(CHslaCH-CHO. 
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(9) Aldehydes are obtained by the action of alkalis on the dialkyl- 
chloroamines, R^NCl (seep. 200), andnitramines, RaN-NOj (see p. 201). 

(10) Aldehydes and their derivatives are obtained by means of a 

Grignard synthesis, by the action of magnesium alkyl halides contain- 
ing one carbon atom less than the required aldehyde on excess of 
various formic acid derivatives (Ann. 347, 348 : Ber. 37, 186, 875 : 
C. 1904, I. 1077 : 1905, I. 219) : ^ 

R-MgX + H-COOEt R-CHO + X-MgOEt 

Ester, Aldehyde. 

B-MgX + H-CO-kR'j ► B-CHO + X-MgNR'j 

Dialkylamide. Aldehyde. 

R-MgX -{- H*C{OEt)3 R-CH(OEt)2 + X-MgOEt 

Orthoformlc ester. Acetal. 

R-MgX -f CeHgN : CHOEt R-CH : NCgHs + X-MgOEt. 

Imidoether. Aldimme. 

The salts of formic acid also yield some aldehyde when treated 
with magnesium alkyl halides (C. 1901, II. 765). 

(11) oL^-olefine aldehydes, or better their acetals, yield paraffin alde- 
hydes on reduction (Ber. 31, 1900). Since the olefine aldehydes result 
from condensation of the lower paraffin- aldehydes (p. 253) this also 
constitutes a method of passing synthetically up the aldehyde series. 

Conversely, the following degradation reactions may be employed 
in the production of aldehydes. 

(12) (x-Hydroxycarboxylic acids, RCH(OH)COOH, which are easily 
obtained from the fatty acids, yield aldehydes and formic acid (or 
CO + H 2 O) by treatment with sulphuric acid. A better method is 
to heat the hydroxy-acids, converting them by loss of water into 
lactides, and to distfl. these, so that they lose CO and pass into alde- 
hydes (C. 1904, I. 1065) : 

CH3CH(0H)C00H = CHsCHO + HCOOH. 

Lactic acid. Acetaldehyde Eoimic add. 

2CACH(0H)C00H SCACHO + 2CO. 

a-Hydroxycaproic acid. Valeraldehyde. 

Connected with this reaction is the formation of aldehydes by 
heating ethylene oxide carboxylic acids, or glycidic acids, whereby 
ethylene oxides are formed which become rearranged (Method of 
formation. Id, p. 227) into aldehydes (C. 1906, II. 1297). 

(CH3)3CH 

1^0 I -fCOg. 

HOCO-CH CHO 

Similarly, a-ketonic acids when heated with dilute sulphuric acid 
yield aldehyde + COg. 

CH 3 GOCOOH CH 3 CHO + COg. 

(13) CL- Amino acids give Y-chloro acids when treated with sodium 
hypochlorite, the alkali salts of which break down with formation of 
an aldehyde when heated in aqueous solution (Ber. 42, 2360) ; 

R*OH(KH 3 )COOH > R CH(NHCl)COONa ^ R-CHO 
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(14) Olefines absorb ozone to form ozorddes (p. 106), which may- 
be decomposed by water, as follows ( Ann . 343, 311) : 

CHsECHjhCH ! CH[CHJ,COOH ► CHaCCHdjCHO + OCH[CHd,COOH. 

Oleic acid. Konyl aldehyde. Azelaic aldehydic acid. 

This reaction is particularly important for the determination of 
constitution and for the preparation of dialdehydes and ketone- 
aldehydes. 

Aldehydes occur frequently among the decomposition products of 
complex carbon compounds, such as proteins, as the result of their 
oxidation with manganese dioxide or dichromate and dilute sulphuric 
acid. 

Nomenclature and Isomerism, — Empirically, the aldehydes are dis- 
tinguished from the alcohols by possessing two atoms less of hydrogen 
— hence their name, suggested by Liebig (from Alcohol dehydrogenatus). 

In the “ Geneva nomenclature ” the names of the aldehydes are formed from 
the corresponding saturated hydrocarbons by the addition of the suffix al ; thus 
acetaldehyde would be termed ethanol. 

As there is an aldehyde corresponding with every primary alcohol, 
the number of isomeric aldehydes of definite carbon content equals 
the number of possible primary alcohols having the same carbon 
content (p. 128). The aldehydes are isomeric with the ketones, the 
unsaturated olefine alcohols, and the anhydrides of the ethylene- 
glycol series, containing an equal number of carbon atoms, e.g , : 

CH, CHj-CHO isomeric with CHa CO-CHa CHa-CHCHaOH CHa<^p>0 
Fropionaldehyde. Acetone. AUyl alcohol. Trimethylene oxide. 

Eeactions of the Aldehydes 

(1) Oxidation, — On oxidation aldehydes are readily converted into 
the carboxylic acid with the same number of carbon atoms, and 
consequently they behave as powerful reducing agents : 

E CHO 4- O R-COOH. 

Like the formation of aldehydes from alcohols, this reaction is regarded 
by Wieland as a dehydrogenation of the aldehyde hydrate : 

R-CH(0H)2 ^ R-COOH + 2H. 

On the other hand, the auto-oxidation of aldehydes on exposure to 
air is a direct addition of molecular oxygen to the molecule, with 
formation of a per-acid, which then reacts with a further molecule 
of aldehyde to form two molecules of carboxylic acid. The presence 
of the per-acid in the reacting mixture can be shown by the liberation 
of iodine from a potassium iodide solution (see Ber. 29, 1454 ; S3, 
1581) : 

J4 CHO + Oj > 

The ready oxidizability of the aldehydes forms the basis for some 
important methods for their detection. If an aldehyde is warmed 
with a dilute ammoniacal silver solution, silver is precipitated in the 
form of a silver mirror on the walls of the vessel. Aldehydes reduce 
Fehling’s solution, with the formation of cuprous oxide. 
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(2) Colour Reactions. Schiff's Reaction. — ^Aldehydes are readily 
differentiated from ketones by Scbiff’s reagent. (A solution of ros- 
aniline (magenta) which has just been decolorized by sulphurous acid.) 
On adding an aldehyde to this reagent, a pink or violet colour is 
produced. Ketones give no colour with Schiff’s reagent (Mechanism 
of reaction, see Ber. 54, 2527). 

Reaction of Angeli-Rimini. — ^Aldehydes form hydroxamic acids, 
R*C{: NOH)*OH, which give a red colour with ferric chloride, when 
treated with the salts of nitrohydroxamic acid, HO*N : NOOKa, and 
benzenesulphohydroxamic acid, CeHB-SOg'NHONa (Gazzetta, 34, I. 
56 : Atti. R. Accad. Lincei. [5] 17, II. 360). 

(3) Condensations. — Dilute alkaline solutions, including potassium 
cyanide, sodium acetate, etc., cause aldehydes containing the groups 
•CHg-CHO and ^CH*CHO to undergo the “ aldol condensation ” to 
hydroxy-aldehydes (see p. 390). Concentrated alkalis resinify the 
lower aldehydes, especially acetaldehyde. (See also (10), p. 232.) 

Where the aldol condensation is impossible, some aldehydes, par- 
ticularly the aromatic aldehydes, undergo a “ Cannizzaro reaction ” 
yielding equimolecular amounts of the corresponding alcohol and acid. 
Among the aliphatic aldehydes, tsobutyraldehyde undergoes this re- 
action under the influence of baryta water (C. 1901, II. 762). This 
may be due to the intermediate formation of a molecule of ester, 
which is then hydrolysed by the baryta : 

2II-CHO > R-CHaO-CO-R R-CHgOH -f R-COOH. 

Evidence for the intermediate formation of esters is given by the fact 
that anhydrous condensing agents such as the aluminium alkoxides 
produce esters from the lower aldehydes. Thrfs, trioxymethylene 
gives with aluminium methoxide, methyl formate, and acetaldehyde, 
ethyl acetate. (This is of technical importance in the preparation 
of acetic ester from acetylene.) (C. 1906, II. 1552.) 

The so-called acyloin ’’ condensation, whereby a-keto alcohols 
are produced from two molecules of aldehyde, is of great importance 
with aromatic aldehydes, but does not occur chemically in the aliphatic 
series. In fermentation reactions, the nascent aldehyde formed is 
regarded as undergoing an acyloin condensation with other aldehydes. 
The enzyme which carries out this synthesis is called carboHgase 
(Ber. 57, 1436) : 

CHs-CHO + CH 3 CHO ^ CHa-CHOH-CO-CHa. 

(Nascent.) 

(4) Polyrmrimtion. — ^The lower members of the homologous series 
of the aldehydes polymerize very readily. The polymerization of the 
aldehydes and thioaldehydes depends on the union of several alde- 
hyde radicals, CHsDH—, through the oxygen or sulphur atoms (Ann. 
203, 44). This phenomenon will be fuHy treated under formaldehyde 
and acetaldehyde (pp. 236, 237). 

(5) Addition Reactions. — {a) Addition of Hydrogen. By the action 
of nascent hydrogen, or catal 5 i}ically in the presence of a nickel cata- 
lyst at 140°, aldehydes are reduced to primary alcohols (Compt. rend. 
137, 301) ; 

R-CHO -I- 2H R-CUIgOH. 
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A small quantity of oc-glycol is produced as a by-product, by the 
combination of two molecules (Atti. R. Accad. Lincel [5] 22, II. 681). 

(6) Addition of Water. — Ordinarily, aldehydes do not combine with 
water (comp. p. 241). The polyhalogen aldehydes, e.g. chloral, bromal, 
butyl chloral (pp. 238, 240), however, have this power, and yield 
feeble and readily decomposable hydrates, representatives of dihydroxy 
alcohols, both hydroxyl groups of which are attached to the same 
carbon atom : 

CCljCH<^]® CBrjCH<^]| CH3-CHCl-CClaCH<°g. 

Chloral hydrate. Bromal hydrate. Butyl chloral hydrate, 

(c) Addition of Alcohols. — ^It is also only the polyhalogen aldehydes, 
e.g. chloral, which unite with alcohols, forming aldehyde-alcoholates ; 

CCl3CH<Q^2®‘-5 Chloral alooholate. 

The ordinary aldehydes 3 rield acetals with the alcohols at 100° 
(P- 241) : 

CHj-CHO + 2C2H5OH = + H3O. 

Acetal or Bthylidene diethyl ether. 

{d) Addition of Acid Anhydrides. — Aldehydes combine with acid 
anhydrides to form the esters of the hydrated form of the aldehyde, 
the aa-glycol : 

R-CHO + (RW)aO > R-CH( 0 -C 0 R') 2 - 

(e) Aldehydes unite in a similar manner with alkali bimlphiies, 
forming crystalline compounds : 

CHs-OHO + NaHSOs = 

(Constitution, see p. 244). The aldehydes may be liberated from 
these salts by distillation with dilute sulphuric acid or aqueous sodium 
hydroxide. This procedure permits of the separation and purification 
of aldehydes from other substances. 

if) Beaciion with Hydrogen Sulphide and Mercaptans. — In the pres- 
ence of hydrochloric acid, hydrogen sulphide converts aldehydes into 
the trithioaldehyde. Mercaptans, under the action of hydrochloric 
acid, produce mercaptals, R-CH(S*R )2 (see p. 247). 

(g) Addition of hydrocyanic acid and Grignard reagents, see p. 233. 

(6) Typical Beactions of the >CO (Carbonyl) Group. — Behaviour 
of aldehydes with ammonia, primary alhylamines, hydroxylamme, 
and phenylkydrazine (CgHs'NH-NHg). (a) They unite directly with 
ammonia to form crystalline compounds, called aldehyde-ammonias 
R*CH(0H)*NH2. These are readily soluble in water but not in ether, 
hence ammonia gas will precipitate them in crystalline form from the 
ethereal solution of the aldehydes. They are rather unstable, and 
dilute acids again resolve them into their components. Pyridine 
bases are produced when the aldehyde-ammonias are heated. 

(b) Aldehydes and primary amines combine, with loss of water, 
to form aldimines, R-CH : NH (p. 248). 

(c) The aldehydes react with hydroxylamine to form aldoximes 
with accompanying liberation of water (F, Meyer, Ber. 15, 2778). 
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It is evident that at first, in these cases, there is formed an un- 
stable intermediate product (compare chloral hydroxylamine, p. 251) 
corresponding with aldehyde-ammonia : 

/NHOH 
•C^OH 

(d) The aldehydes behave similarly with phenylhydrazine ; water 
separates and phenylhydrazones {E. Fischer) result (p. 253) : 

CHa-CHO + H^N-NHCgHs = CHs-CH : N-NHCgHs + Kfi. 

These substances serve well for the detection and characteriza- 
tion of the aldehydes. The aldoximes and hydrazones, when boiled 
with acids, absorb water and revert to their parent substances. They 
yield primary amines when reduced (p. 190). 

(e) Hydrazine, semicarbazide {q,v.), p-amino-dimeihylaniline (Ber. 
17* 2939), aminophenols, and other aromatic bases {Schiff, Ber. 25, 
2020) react with aldehydes, similarly to phenylhydrazine and its 
substitution products. 

(7) Compounds are formed by the action of phosphorus trichloride 
on aldehydes, which are converted by water into hydroxalkyl phospho- 
acids, e.g, CH3*CH(0H)P0(0H)2 (Ber. 18, R. 111). 

(8) Phosphorus peTitachloride and phosphorus trichloro-dibromide 
cause the replacement of the aldehyde oxygen by chlorine or bromine 
and yield dichlorides and dibromides, in which the two halogen atoms 
are linked to a terminal carbon atom (p. 243) : 

CHgCHO -f PCI 5 = CHaCHCla + POCI 2 . 

(9) The hydrogen atoms of the alkyl groups of the aldehydes may 
be replaced by the action of bromine, as well as by iodine and iodic 
acid. 

B. Nuclear Syntheiic Reactions of the Aldehydes 

(10) AUd Condensation. — ^Aldehydes which contain at least one 
hydrogen atom linked to the carbon atom adjacent to the -CHO 
group are able under suitable conditions, such as the action of zinc 
chloride or dilute alkalis, to undergo an “aZdoZ condensation whereby 
two or more aldehyde molecules become linked by a new carbon 
linkage. The “ aldols ” so formed are aldehyde-alcohols, e.g. from 
acetaldehyde, aldol or ^-hydroxybutyraldehyde is formed {Wurtz) : 

CHg-CHO -f* CHg-CHO > CH 8 *CH(OH)*CHa‘CHO. 

A similar aldol condensation is also possible between two different 
aldehydes : 

B-CHs-CHO -f R'-CHj-CHO > B-CH 2 *CH(OH) CHR'-CHO. 

A similar type of condensation can also take place between alde- 
hyd^ and other compounds such as ketones, mSionic ester, cyano- 
acetic ester, etc., which contain an active -CHa, : CHg or : CH eroun 
adjacent to a CO group : ^ 

B-CHO -h CH^CCOjEt)* ^ B-CH{0H).CH(C02Et)2. 

In many cases, the first-formed hydroxy compound loses water 
and an unsaturated compound is the isolated product : * 

B-CH(OH)-CH{COjEt), ^ B-CH : CCCOjEt)^. 


\ -H,o 

j > CHa-CH : NOH. 


CH,C^ 


0 NH,OH 
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(11) Grignard Syntheses. — ^Aldehydes react with zinc alkyls or with 
magnesium alkyl halides to form addition products, which when 
decomposed by water or acids yield secondary alcohols (see p. 132). 

(12a) Aldehydes also combine with hydrogen cyanide, yielding 
hydroxy-cyanides or cyanhydrins. These are the nitriles of a-hydroxy- 
acids (q.v.), which will be discussed after the a-hydroxy-acids them- 
selves, and which can be converted into the acids by means of hydro- 
chloric acid : 

/CN HCi yCO.H 

CHg-CHO -f HNC ^ CH3 CH< “ 

\OH \OH 

Lactic acid. 

(6) Aldehydes and ammonium cyanide react together, when water 

"NTTr 

separates, and the nitriles of oL-amino-acids, e.g, CH 3 'CH<^qj^ result. 
When treated with hydrochloric acid they }ield amino -acids (q.v.). 
The same amino-nitriles are produced by the action of CNH on the 
aldehyde-ammonias, and from the hydroxy-cyanides and ammonia. 
Nitriles of a-anilino-, a-phenylhydrazino-, and a-oximino-acids are 
formed by the addition of hydrocyanic acid to the ahphatio aldehyde- 
anilines, aldehyde phenylhydrazones and aldoximes (Ber. 25, 2020), 

(13) Diazomethane (p. 2ol) and aldehydes produce alkyl-methjd 
ketones, with evolution of nitrogen, and probably with the formation 
of an intermediary addition product (Ber. 40, 479, 847) : 


+ 


CH2 

^2^ 




CgHisC-CHs 


0 


With certain “ negatively substituted ” aldehydes such as chloral, 
instead of ketones, ethylene oxides are formed by the action of diazo- 
methane (Z. angew, Chem. 40, 1099). 

Aromatic diazo-compounds react similarly with many aldoximes, 
forming fatty-aromatic ketoximes (Ber. 40, 737). 

Formaldehyde, Methyl aldehyde [methanal], H-CHO, m.p, about 
- 92° (Ber. 34,635), b.p, about - 21°, D_8o = 0*9172, D -20 = 0*8153, 
was discovered by A. W. Hofimnn, and was until recently only knowm 
in aqueous solution and in vapour form. It may, as was shown by 
KehuU, be condensed, by lowering the temperature to a colourless 
liquid. Liquid formaldehyde changes slowly at — 20°, rapidly at the 
ordinary temperature, the reaction being facilitated by the presence 
of traces of water, into triox 3 nnethylene, (CHjOjs (Ber. 25, 2435). 
This polymeric modification was known before the simple formalde- 
hyde, into which it is changed by heat. Formaldehyde possesses 
a sharp, penetrating odour, and destroys bacteria of the most varied 
types ; it is, therefore, applied (under the name of formalin) either 
in solution or as a gas, for disinfecting purposes. Many of its com- 
pounds witli organic bodies are suitable for this pui*pose, as they 
regenerate formaldehyde more or less easily (Ber. 27, R. 757, 803 : 
28, R. 938 : 29, R. 178, 288, 426 : 0. 1900, I. 203, 791, etc.). 

Another technically important use of formaldehyde is based on 
its power to form compounds with proteins. One of these, with 
casein, so-called ‘‘ galalith,” is used as a substitute for ivory, horn, 
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etc. The use of formaldehyde in the tanning industry and for the 
manufacture of photographic plates depends upon this reaction. An 
artificial composition of the name “ Bakelite ” is produced on the 
large scale by the condensation of formaldehyde with phenol at high 
temperatures. A derivative of formaldehyde, sodium formaldehyde- 
sulphoxylate, which is obtained from formaldehyde, sodium bisul- 
phite and zinc dust is much used in the dye industry under the names 
Rongalite, Hydralite, etc. (see p. 245). 

Meth(^ of Formation. — (1) It is produced when the vapours of 
methyl alcohol, mixed with air, are conducted over an ignited platinum 
spiral or ignited copper gauze (J. pr. Chem. 33, 321 : Ber. 19, 2133 : 
20, 144 : Ann. 243, 335) : lamps have been constructed for this 
purpose (Ber. 28, 261). 

This reaction depends on a catalytic decomposition of the alcohol 
into formaldehyde and hydrogen, the latter then being burned by 
the admixed oxygen (Z. Elektrochem. 17, 45). 

Technically, formaldehyde is manufactured from methyl alcohol 
by this method, fine silver gauze acting as the catalyst. 

(2) Formaldehyde can be obtained in about 50% yield by passing 
a mixture of acetaldehyde and air over suitable metallic catalysts, 
such as copper wire (Brit. Pat. 178842, J.C.S. Abstr. 1923, i, 752). 

(3) Formaldehyde can also be obtained by passing a mixture of 
methane and CO 2 through constricted metallic tubes at 500-700° in 
about 56% yield. The following reactions occur (Brit. Pat. 156148, 
J.C.S. Abstr. 1922, i, 522) : 

2CO2 > 2CO -f 20 

CH* -f 20 ^ H-CHO + HgO. 

(4) Formaldehyde is produced by the action of halogens on methyl 
alcohol (Ber. 26, 268) : further action of these decomposes the form- 
aldehyde into CO and halogen acid. 

(5) It is produced in small quantity by heating calcium formate 
or zinc formate (Ber. 51, 1398). 

(6) In addition to its production from CO 2 and GO and hydrogen 
under the action of metallic catalysts, formaldehyde is obtained in 
small quantity by the action of ultra-violet light or the silent electric 
discharge on the mixed gases (see Z. Elektrochem. 12, 412 : Chem. 
Ztg. 34, 945 : Proc. Roy. Soc. 84 [B] 101 : J.C.S. 119, 1025). This 
observation is of great interest, as, since 1870, when Baeyer first 
made the suggestion (Ber. 3, 63) that formaldehyde w^as the first 
product of photosynthesis in the plant, this reaction has been generally 
accepted as the first step in the production of carbohydrates from 
carbon dioxide in the plant.* Some indirect support has been given 
to this by the observations of WiHstatter on the assimilation quotient, 
i.e. the ratio of O2 produced to CO2 absorbed, was 1, which is in 
agreement with the equation H2CO3 H-CHO + O2. Recently, 
the formation of a compound from formaldehyde and dimethyldi- 

* Critical summary of work ou this subject, see R. Wilhtdtter and A. StoU : 
XJntersuchungen iiber die Assimilation der Kohlensaure (Berlin, 1918) : H, 
SchrOder : Die Hypothese iiber die Vorgange bei der Kohlensaure Assimilation 
(Jena, 1917). 
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hydroresorcinol has been made the basis of an attempt to show 
directly the formation of formaldehyde in photosynthesis (Klein, 
Biochem. Z. 168, 361), but doubt has been cast on the interpretation 
of these results (Biochem. J. 24, 1210). For the present, the forma- 
tion of formaldehyde in photosynthesis must be regarded as probable, 
but unproven. 

(7) Formaldehyde is produced by the partial oxidation of various 
hydrocarbons by passing them through heated tubes with oxygen 
suitably diluted. Thus, under suitable conditions, a 75% yield of 
formaldehyde can be obtained from ethylene and oxygen (Blair and 
Wheeler, J. Soc. Chem. Ind. 1922, 41 , 303t). 

Detection and Estimation of Formaldehyde, — ^The majority of methods for the 
detection of formaldehyde depend upon its capacity to form spariagly soluble 
condensation products with aromatic amines and polyhydric phenols, particularly 
with resorcinol and phloroglucinol (Ann. 299, 317 : C. 1889, 1. 270). A strong 
acid solution of fuchsin-sulphurous acid gives a blue or blue-violet colour with 
formaldehyde (Ann. 404, 105). For the separation of small quantities of form- 
aldehyde, its condensation product with drniethylhydroresorcinol (Dimedon) is 
used (Aim. 294, 314 ; Biochem. Z. 106, 281). 

The strength of a solution can be estimated gravimetrically by converting 
the formaldehyde into hexamethylenetetramine (CH 2 ) 6 N 4 (Ber. 16, 1333 : 22, 
1565, 1929 : 26, K. 415), or into dimethylene p-dihydrazinophenyl (Ber. 32, 
1961). 

Titrimetric Methods. — The formaldehyde is transformed by hydrogen peroxide 
in alkaline solution of known strength into sodium formate and hydrogen, under 
the influence of its own heat generation : 

2 CH 2 O + 2NaOH -f HaOa = + 2 H 2 O -f H^. 

From the back titration of the unused alkali the quantity of formic acid can be 
found. The reaction takes place with the intermediate formation of an addition 
product between 2 mols. of formaldehyde and 1 mol. of hydrogen peroxide 
(dihydroxymethyl peroxide, HOCHa^O'O'CHaOH) (see p. 241), which is quanti- 
tatively decomposed by sodium hydiroxide into sodium formate and water (Ann. 
431, 301) : 

HOCHa-O-O-CHaOH -{- 2NaOH > 2H*COONa + Hg + H^O. 

The estimation can also be carried out by treatment with an alkaline iodine 
solution and back titration with thiosulphate (C. 1905, I. 630). 

Formaldehyde and sodium sulphite solution unite with liberation of sodium 
hydroxide, the titration of which gives the quantity of formaldehyde. This 
reaction can also be employed for the estimation of aldehyde polymers (C. 1904, 
IL 263), 

Beactions. — Dilute solutions of the alkali hydroxides partially trans- 
form formaldehyde into formic acid and methyl alcohol (comp. p. 230 
and Ber. 38, 2556). A modified aldol condensation occurs with excess 
of such alkalis as Hme, calcium carbonate, or lead oxide (p. 232), 
giving rise to glycol aldehyde, C 2 H 4 O 2 , i-arabinose, C 5 H 10 O 5 , and 
various hexoses, CgHiaOe, of which the principal is a-acrose or dU 
fructose (Ber. 39, 45, 1592). 

It is noteworthy that the condensation of formaldehyde to glycollic 
aldehyde also takes place imder the influence of ultra-violet fight 
(Monatsh. 33, 415 : J. pr. Chem. [2] 86 , 336). This reaction gives 
support to the theories of assimilation of carbon dioxide in plants 
(Ber. 3, 67 : J. pr. Chem. [2] 33, 344). 

Formaldehyde acted on by acetaldehyde and lime yields penta- 
erythritol, C(GH 20 H )4 (Ber. 26 , R. 713) ; with nitromethane (p. 181) 
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it gives nitro-fer^.-butyl glycerol, N 02 C'(CH 20 H) 3 ; with picoline 
(Vol. Ill) it yields trimethylolpicoline, (C5H4N)C(CH20H)3. Thus, 
formaldehyde shows a strong tendency to unite repeatedly with 
reactive CHs-groups, to form aidol-iike bodies of increasing complexity. 

In the very numerous reactions of formaldehyde its oxygen unites 
with two hydrogen atoms of the reacting body to yield water. It 
is immaterial whether the hydrogen is in union with carbon, nitrogen, 
or oxygen. The products are, for example, diphenylmethane deriva- 
tives, methyleneaniline, and formals of polyhydric alcohols (Ann. 
289, 20). 

Polymeric Modifications of Formaldehyde. — The concentrated aqueous 
solution of formic acid not only contains volatile CHgO, but also the hydrate 
OK 

CH 2 <^q^, i.e. hypothetical methylene glycol, and non-volatile polyhydrates. 

On complete evaporation of the solution the hydrates condense to the solid 
water-soluble paraformaldehydet {CRfi)n> 

Trioxymethylene, (CHaOjg, metaformaldehyde [BuUerow), is distinguished 
from the so-called paraformaldehyde, by its insolubility in water, alcohol, and 
ether. It is formed from the monomeric formaldehyde by evaporation of its 
solutions over sulphuric acid. On heating, it changes into the monomeric 
vapour, as shown by determinations of the vapour density. It forms an indefi- 
nitely crystalline mass, m.p. 171-172®. When it is heated with water to 130® 
it changes to the simple molecule CHgO, but by prolonged heating carbon dioxide 
€md methyl alcohol are produced (Ber. 29, B.. 688). 

When dry trioxymethylene is heated wdth a trace of sulphuric acid to 115® 
in a sealed tube it is changed into the isomeric a-trioxymethylene, (CH 20 ) 3 , 
60-61® {Ber. 17, R. 567). 

The polymeric modifications of formaldehyde have not yet been as success- 
fully studied as the polymeric acetaldehydes (C. 1904, II. 21, 585). 

In contact with peroxides, such as BaOa and SrOg, and in the presence of 
water, the polymerized formaldehydes are catalytically changed into the simple 
form accompanied by the disengagement of a considerable quantity of heat 
(C. 1906, II. 1135), 

Acetaldehyde, Ethyl aldehyde [ethanal], C 2 H 40 =CH 3 -CH 0 , m.p. 
— 120®, b.p. 20*8®, Do = 0*8009 (Ber. 23, 638), is prepared accord- 
ing to the usual methods : (1) From ethyl alcohol ; (2) from cal- 
cium acetate ; (3) from acetyl chloride or acetic anhydride ; (4) from 
ethylidene chloride, from acetal and ethylidene diacetate ; (5) from 
ethylene oxide ; (6) from lactic acid ; (7) from sodium nitroethane ; 
and (8) from acetylene (p. 110). It occurs in the first runnings in 
the rectification of spirit, and is formed, too, by the oxidation of 
alcohol when fi3.tered through wood charcoal (p. 143). 

History. — ^In 1774 Scheele noticed that aldehyde was formed when alcohol 
was oxidized with manganese dioxide and sulphuric acid. Ddhereiner, however, 
was the first to isolate the aldehyde in the form of aldehyde-ammonia, which 
he gave for investigation to Liebig, who then established the composition of 
aldehyde and showed its relation to alcohol. It was Liebig who introduced 
the name j!l2(cohoi)-deAyd{e)(rogenatus) into chemical science (Ann, 14, 133 : 
22, 273 : 25, 17). Ordinary aldehyde readily polymerizes to liquid paraldehyde, 
and soEd metaMehyde. Fehling first observed the former, and Liebig the latter. 
Kehule and ZinHce determined the conditions of formation for the aldehyde 
modifications and cleared up the somewhat confused reaction relations (Ami, 
162, 125). 

Prepafaiion . — 90 per emit, eUiyl tilcuhol (3 parts) is oxulizad by dropping into 
it a mixture of a solution of 3 parts of potassium dichroinate in 12 parts of water 
and 4 parts of concentrated sulphuric acid {Ber. 27, B, 471). The escaping alde- 
hyde vapours are conducted into ether and aldehyde-ammonia separates in a 
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crystalline form when ammonia is passed into the ethereal solution. Pure alde- 
hyde may be liberated from this by dilute sulphuric acid, and dried over dehy- 
drated calcium chloride. 

Acetaldehyde is a mobile, peculiar-smelling liquid, miscible in all 
proportions with water, ether and alcohol. It is prepared technically 
in order to obtain paraldehyde and quinaldine (gf.'W.). 

Polymeric Aldehydes. — Small quantities of acids (HCl, SOg ) or salts (ZnClg, 
CHgCOgNa) convert aldehyde at ordinary temperatures into paraldehyde, 
(CgH^Ojtg, m.p. 124°, Dgo — 0*9943 ; the change is accompanied by evolution of 
heat and contraction m volume and is particularly rapid, if a few drops of 
sulphuric acid be added to the aldehyde. Paraldehyde is a colourless liquid, 
and dissolves in about 12 vols. HgO ; it is, however, more soluble in the cold 
than when warm. This behaviour would point to the formation of a hydrate. 
The vapour density a^ees with the formula CeHigOg. Paraldehyde is employed 
in medicine as a soporific. When distilled with sulphuric acid ordinary aldehyde 
is generated. Paraldehyde can be brominated at — 10° to — 15° to mono- and 
dibromo-paraldehydes, accompanied by small amounts of tribromo-compound 
by the use of the appropriate amount of bromine (Ber. 58, 1718 : 59, 2533). 

Metacetaldehyde {Metaldehijde), or (C 2 H 40 ) 2 n (Ber. 40, 4341), 

is formed by the action of similar reagents on acetaldehyde at temperatures 
below 0°. It is a white crystalhne compound, insoluble in water, but readily 
dissolving in hot alcohol and ether. It sublimes without melting at about 150°, 
with partial decomposition into the monomolecular aldehyde : the decomposition 
to the monomolecular form is complete when the compound is heated in a sealed 
tube. If kept at 60-65° for several days, metacetaldehyde changes into acetalde- 
hyde and paracetaldehyde. 

Chemical behaviour, refractive power, and specific volume point to a single 
linkage of oxygen and carbon ; therefore the three oxygen atoms in paraldehyde 
unite the three ethylidene groups to a ring of six members : 

(Ber. 24, 650 ; 25, 3316 : 26, B. 185). 

They may be considered cyclic ethers of ethylidene glycol, of which the 
anhydride is acetaldehyde. 

Beactions of Acetaldehyde and its Polymers. — (1) In the air acetalde- 
hyde slowly oxidizes to acetic acid. It produces a silver mirror from 
an ammoniacal silver nitrate solution. Paraldehyde and metalde- 
hyde do not reduce silver solutions. (2) Alkalis convert acetaldehyde 
into aldehyde resin. (3) It is reduced to ethyl alcohol by nascent 
hydrogen. (4) Aldehyde unites with alcohol to form acetal (p. 242). 
(5) Hydrogen sulphide converts it into thioaldehyde (p. 245), and with 
mercaptans it forms mercaptals (p. 247) . (6) Acetic anhydride changes 
it to ethylidene diacetate (p. 244). (7) On shaking aldehyde with a 
very concentrated solution of an alkali bisulphite crystalline com- 
pounds separate, CH 3 -CH( 0 H)S 03 K, which are resolved into their 
components when treated with acids (p. 244) ; 

C!Hs-CHO + HKSO, = 

+ Ha = CHj-CHO + SO, + H,0 + SCI. 

Paraldehyde and metaldehyde do not unite with the bisulpiiites 
of the alkaHs. (8) Acetaldehyde reacts with ammonia, hydroxyl- 
amine, and phenylhydrazine, whilst paraldehyde and metaldehyde 
fail to do so. (9) Phosphorus pentachloride converts acetaldehyde, 
paraldehyde and metaldehyde into ethylidene chloride (p. 243). 
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(10) Aldehyde combines with hydrocyanic acid, the product being 
the nitrile of c^Mactic acid. 

Eor the condensation of aldehyde to aldol, crotonaldehyde, and 
other compounds, see p. 390. 

Homologous Aldehydes 

The homologues of formic and acetaldehydes are prepared either (1) by the 
oxidation of the corresponding primary alcohols j or (2) by the distillation of the 
calcium or barium salts of the corresponding fatty acids, mixed with calcium or 
barium formate ; (3) by transformation of ethylene oxide or glycol ethers ; (4) by 
organo-magnesium synthesis ; and (5) from the next higher a -hydroxy -fatty acid 
(C. 1904, II. 509). 



Formula. 

M.P. 

B.P. 

Propionaldehyde [Propanal] . . 

CHsCHa-CHO 

_ 

49® 

»?-Butyraldehyde [Butanal] . . 

(CH 3 )(CH 2 ) 2 -CH 0 



75® 

7 i<oButyraldehyde 

(CH 3 ) 2 CH-CH 0 


61® 

-V aieraldehy de 

(CH 3 )[CH 2 ] 3 CH 0 


103° 

?^oValeraldehyde 

C 4 H 2 CHO 

— 

92° 

Methylethylacetaldehyde .... 
Trimethylacet aldehyde (Ber. 24, R. 

C 4 H 2 CHO 

— 

91“ 

898) 

(CHslsC-CHO 

— 

74® 

7 ?-Caproic Aldehyde 

CH 3 -[CH 2 l 4 CHO 


128® 

Methyl- -propylacetaldehyde 

CsHuCHO 


116“ 

woHexaldehvde 

i CsHuCHO 

— 

' 121 ® 

Heptaldehyde, (Enanthal .... 

CHgECHglsCHO 

— 

155® 

Octaldehyde, CgHigO. 

CH3[CHo]8*CHO 

— 

81® (32 mm.) 

Capi’ic Aldehyde, CjoHooO 

CHaCCHaJsCHO 

— 

! 106® (15 mm.) 

Undecaldehyde, CnHgaO 

CHsECHal^-CHO 

- 4® 

117® (18 mm.) 

Laurie Aldehyde, C 12 H 24 O 

CHgCCHslioCHO 

44'5® 

j 142® (22 mm.) 

Tridecaidehyde, Ci 3 H 2 bO 

: CHsCCHslu-CHO 

— 

1 152® (24 mm.) 

Myristic Aldehyde, C 14 H 28 O 

CH3[CH2]i2CHO 

62*5® 

: 168® (22 mm.) 

Pentadecaldehyde, CigHg^jO 

! CHsLCHalia-CHO 

— 

1 185® (25 mm.) 

Palmitic Aldehyde, CjeHagO . 

! CH3[CH2]i4CHO 

58-5® 

: 192® (22 mm.) 

Margaric Aldehyde, Ci 7 H 340 

! CH3[CH2]i3CHO 

36® 

204® (26 mm.) 

Stearic Aldehyde, CjsHagO 

CHsICHslieCHO 

63-5® 

212 ® (22 mm.) 


PropionaldeJiydey by the action of hydrochloric acid, yields both parapropion- 
aMehyde, b.p. 169®, and metapropioiialdehyde, m.p. 180®. They have the mole- 
cular formula (CgHgOla {Ber. 28, B. 469). 

The higher aldehydes also form polymeric forms (iMonatsh. 33, 349). 

Of the higher aldehydes, heptaldehyde (cenanthalt from otuos — wine) is 
most readily obtained, being formed when castor oil is distilled under reduced 
pressure : 

C18H31O3 > CioHjsCOOH + CH3{CH2)5CH0 

Kicinoleic acid. Undecenoic acid. (Enanthal. 

A number of high molecular aldehydes occur in essential oils, c.g. n-mnalde^ 
hyde iij Bose-oil {Ber. 33, 2302), n-decaldehyde in orange-peel oil and acacia oil 
(J. pr. Chem. [2], 68, 235), lauraldehyde in oil of silver-fir (C. 1904, 1. 1204). 

1. HALOGEN SUBSTITUTION PRODUCTS OF THE 
SATURATED ALDEHYDES 

Trichloroacetaldehyde, Chloral^ CCla-CHO, which was discovered 
in 1832 by Liebig while engaged in studying the action of chlorine 
on alcohol (Aim. 1, 182), is the most important of these compounds. 

Fritsch considered that chlorine acts on alcohol to produce at jSirst mono- 
i^dozoalcohol or aldehyde chlorhydrin (i). Alcohol and hydrochloric acid convert 
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this, through the aldehyde alcoholate, into acetal. Neither substance can be 
isolated. Obviously acetal is chlorinated too easily to mono- and dichloroacetal 
(ii and in). These two compounds, under the influence of hydrochloric acid, pass 
into dichloro- and trichloro -ether (iv and v). Water changes the latter to dichloro- 
acetaldehyde alcoholate (vi), which is converted by chlorine into chloral alco- 
holate. Sulphuric acid decomposes the latter into alcohol and chloral (vm) 
(Ann. 279, 288 : C. 1897, 1. 635, SOI : compare also the chlorination of isobutyl 
alcohol, Ber. 27, R. 507), 

I 

CH3-CH,0H CH,-CH<gH (cH3 CH<g^^®») 



VI VII VIII 

>-CCl,-CHO 



Chloral hydrate, diehloroacetic ester, trichloro-ethyl alcohol (Ber. 26, 2756), 
and ethylene monochlorhydrin are by-products in the manufacture of chloral! 
(Private communication &om Anschutz and Stiepel.) 


Chloral is an oily, pungent-smelling lictuid, b.p. 97®, Do 1*541. 
When kept for some time it passes into a solid polymer. 


Chloral shows greater tendency than acetaldehyde to form addition com- 
pounds at the C : O linkage. Like acetaldehyde, it not only combines with 
acetic anhydride, the alkali bisulphites, ammonia and hydrocyanic acid, but 
also with water, alcohol, hydroxylamine, formamide— -four substances with 
which acetaldehyde is incapable of uniting. 

The following reactions of chloral should also be observed : (1) The alkalis 
break it down into chloroform and alkali formates: 


CClsCHO 4- KOH = CHCla 4 H-CO^K 
(2) fuming sulphuric acid condenses it to chloralide {g,v.), trichldrolaotic 
trichloroethylidene ether ester; 

coo.^ 

- <SO,+HiSOd - ^CH-CC1« 

aCCls-CHO > HCCls 4 CCl3CHO'^ ® 

Chloralide. 


(3) potassium cyanide changes it to diehloroacetic ethyl ester (^.2?.). 
Trichloroethyl alcohol, CClgCHgOH, is formed by the biochemical reduction 
of chloral by yeast. Its urethane is used as a hypnotic imder the name voluntcU 
(Ber. 56, 2283). 


Chloral hydrate, Trichloroethylidene glycol, CCl 3 *CH(OH) 2 , m.p. 
57®, b.p, 96-98®, results from the xmion of chloral with water. It is 
technically prepared on a large scale. It consists of large monoclinic 
prisms. Its vapour dissociates into chloral and water. Chloral 
hydrate dissolves readily in water, possesses a peculiar odour and a 
sharp, biting taste ; when taken internally it produces sleep, a fact 
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which was discovered in 1869 by Liebreich (Ber. 2, 269). It is ex- 
creted in urine after administration as urochloralic acid (q.v.). Con- 
centrated sulphuric acid resolves the hydrate into water and chloral. 
It reduces ammoniacal silver solutions and when oxidized with nitric 
acid yields trichloroacetic acid. 

Chloral hydrate is the jfirst example of a body which, contrary to the rule, 
contains two hydroxyl groups attached to the same carbon atom, without the 
occurrence of the immediate spontaneous cleavage of water. 

Other halogen Substitution Products of Acetaldehyde. — Dichloroacetaldehyde, 
b.p. 88-90®, results from the action of concentrated H2SO4, or better, benzoic 
aidiydride (Ber. 40 , 2 1 7), on dichloroacetal, CHCl2*CH(OC2H 5)2 (p. 242 ) . Dichloro- 
acetaldehyde hydrate^ CHCl2‘CH(OH)2, m.p. 57®, b.p. 120°. 

Monochloroacetaldehyde, b.p. 80°, is formed whem monochloroacetal 
(p. 242) is distilled with anhydrous oxalic acid. It polymerizes very readily 
(Ber. 15 , 2245). 

Tribromoaldehyde, Bromal, CBra-CHO, b.p. 172-173°, is perfectly analogous 
to chloral. Heated with alkalis, bromal breaks up into bromoform, CHBrg, 
and a formate. 

Bromal hydrate, CBr3CH(OH)2, m.p. 53° : Bromal alcoholatCf CBr3CH(OH)- 
(O-C^Hs), m.p. 44°. 

Dibromoacetaldehyde, b.p. 142°, is obtained by the bromination of par- 
aldehyde. 

Dihromoacetcddehyde hydrate, CHBr2CH(OH)2, m.p. 59°, is prepared by the 
addition of HBrO to acetylene (C. 1900, II, 29). 

Bromoacetaldehyde, b.p. 80-105°, is produced from monobromoacetal. 

lodoacetaldehyde, CH2l‘CHO, is made by acting on aldehyde with iodine 
and iodic acid. It is an oily'liquid, which decomposes at 80° (Ber. 22, R. 561 ). 

The three chloro- (or bromo-) acetaldehydes may be considered the chlorides 
of the following hydroxy compounds : 

CHgChOHO, Chloroacetaldehyde. CH2(OH)-CHO, GlycoUic aldehyde. 

CHCla-CHO, Dichloroacetaldehyde. CHO-CHO, Glyoxal. 

CClg'CHO, Trichloroacetaldehyde. COaH-CHO, Glyoxylic acid. 

Chlorine Substitution Products of the Higher Aldehydes : 

^-ChZoropropionic aldehyde, CHaChCHa’dlflj ^‘P* from acrolein, CHg— 
CH'CHO, and hydrochloric acid. 

^-Chlorobutyratdehyde, CHs*CHCl*CHg*CHO, m.p, 96°, is produced from croton- 
aldehyde, CHg-CH : CH-CHO, by the addition of HCl. 

aa^-Trichlorobutyraldehyde, Butyl chloral, CB^^CB.QhQClz^CH.0, b.p. 163- 
165°. 

Butyl chloral hydrate, CH3CHCI*CC^*CH(OH)2, m.p. 78°, is formed from 
a-chlorocrotonaldehyde and Gig. Alkalis decompose it into formic acid, potas- 
sium chloride, and dichloropropylene, CHs'CCl : CHCl. It is converted, by 
nitric acid, into trichlorobutyric acid. When taken into the system it appears 
in the urine as urobutylehloralic acid (^.v.). 

The relations of these three chlorinated aldehydes to the unsaturated alde- 
hydes, from which they are formed by the addition of HCl or CI2, and to the acids 
which they yield on oxidation, are shown in the following table : — 

HCl HNO, JS a 

OH2=^CH‘CHO CHaCl'CHa'CHO CHgChCHa-COaH. 

Acrolein. ^-Chloropropionaldehyde. j3-Chloropropionic acid. 

HCl 

CH3*CH«CH-CH0 > GHs-CHCl-CHaCHO > CHs-CHCl-CHa-COaH. 

Crotonaldehyde. ^-Ctdorobutylaldehyde, jS-Chlorobutyric acid. 

Cl* 

CH8-GH=CChCHO ^ CHa-CHCl-CCla-CHO ^ CHa-CHCl-CCla-COaH 

a-Cblorocrotonaldebyde. Butylchloral, Trichlorobutyric acid, 

Tetrabromohutyric aldehyde, CHgBr'CHBr-CBraCHO, m.p. 64°, b.p. 146°/13 
mm., is prepared from paraldehyde and excess of bromine, with the inter- 
mediary production of crotonaldehyde. It does not form a hydrate, and is 
decomposed by alkalis into formic acid, bromopropargyl bromide, CHaBr^C • CBr, 
and other bodies (C. 1905, II. 392; 1907, I. 1180). 
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ALDEHYDE PEROXIDES 

Formaldehyde peroxide, Dihydroxymethyl peroxide, HOCHg-OO-CHgOH, 
is formed by the slow combustion of ethyl ether {Ber. 18, 3343). It is obtained 
pure by the action of an ethereal solution of formaldehyde on an ethereal solution 
of hydrogen peroxide (see Proc. Roy. Soc. 90 [A], 492). It forms colourless 
crystals, m.p. 63® (Ann. 431 , 306). By the action of ammonia it yields hexaoxy- 
methylenediamme, hexamethylenetriperoxydiamine, N(CH 20 ‘ 0 CH 2 ) 3 N, which 
f-an also be easily prepared by the action of a solution of formaldehyde on am- 
monium sulphate dissolved in 3 per cent, hydrogen peroxide. The dry substance 
explodes as violently as diazobenzene nitrate on being heated, by friction or by 
a blow (Ber. 33, 2486). 

Acetaldehyde peroxide, D ihy droxy ethyl per oxide, {CK qCROB.’ )02, is similarly 
prepared. It is an oil, appreciably less stable than the formaldehyde derivative 
(Ann. 431, 314). 

Dichloral peroxide hydrate, CCl8CH<^^[^^>CH-CClj, m.p, 122=, is 

prepared from chloral and H 2 O 2 in an ether solution or potassium persulphate 
in sulphuric acid (Ber. 33, 2481). 

Aldehyde peroxides of the general formula R-CHOa are obtained by the 
action of ozone on the aldehydes. They isomerize to the corresponding acid on 
heating (Ann. 374, 321). 

2. ETHERS AND ESTERS OF THE ALDEHYDE HYDRATES 
As already mentioned, the aldehydes can be regarded as the an- 
hydrides of the usually non-existent aa-glycols, R*CE[(OH)2. These 
hydrates can generally only be isolated when derived from an alde- 
hyde such as chloral which contains several halogen atoms. The 
mono-alkyl ethers of these hydrates (the alcoholate^ are equally un- 
stable, but the dialkyl ethers or acetals are stable bodies readily 
formed from all aldehydes. 

R*CH(0H)2 H-CH(0H)-0R' R-CH(0R')2 

Aldehyde hydrates. Aldehjde alcoholatcs. Acetals. 


A, Alcoholates 

Alcoholates only exist as addition products of alcohol with halogen substitu- 
tion products of the aldehydes. In this they resemble the aldehyde hydrates 
which are only stable when a sufficient number of hydrogen atoms have been 
replaced by halogens. 

Chloral alcoholate, CCi8CH<[|Q^ U , m.p.[65°, b.p. 114®, is the main product 

from the action of chlorine on alcohol (p. 239). It is also formed by treatment of 
chloral or chloral hydrate with alcohol. Water changes it slowly into chloifel 
hydrate (Ber. 28, R. 1013), Chloral dimethylethylcarbinolate, CCl 3 CH(OH)‘- 
OC(CH 3 ) 2 C 2 Hs, is prepared from chloral and amylene hydrate (p. 148), or chlorine, 
amylene and hydrochloric acid (C. 1900, II. 1167). Further chloral alcoholates, 
see C. 1908, I. 1661. 

Bromal alcoholate, CBr 3 ‘CH(OH)*OEt, m.p. 44®. 

B. Acetals 

Acetals are produced (1) when alcohols are oxidized with MnOo 
and H2SO4. The aldehyde formed at first unites with alcohol with 
the simultaneous separation of water ; 

SCHg-GHjOH >CH,CH(0-C,H5)g + 2HsO. 

(2) When aldehydes a^e heated with the alcohols alone to 100*^ ; 
and from trioxymethylene and alcohols on the addition of ferric 

VOL. I. R 
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chloride (1-4%) (Ber. 27, R. o06), or syrupy phosphoric acid (C. 
1899, 1. 910). 

(3«) By the action of gaseous HCi on a mixture of alcohol and 
aldehyde, a chiorhydrin (see Ethylene glycol) being the first product : 

CaHjCHO + C^sOH + HCI. 

(36) More conveniently, by the action of 1% alcoholic hydro- 
chloric acid on aldehyde (Ber. 31, 545). 

(4) By the action of metallic alcoholates on the corresponding 
chlorides, bromides and iodides. 

(5) By the action of aldehydes on orthoformic ester or hydro- 
chloric acid, formimido-ether and alcohol, Le, on nascent orthoformic 
ester. This method is also employed for the preparation of acetals 
of the ketones (Ber. 31, 1010 : 40, 3301). 

On heating tlie acetals with alcohols, the higher alkyls are replaced 
by the lower (Ann. 225, 265 : C. 1901, I. 1146). When the acetals 
are digested with aqueous hydrogen chloride they are resolved into 
their constituents. They dissolve readily in alcohol and in ether, 
but with difficulty in water. 

The acetals are considerably more stable towards alkalis than the 
aldehydes, and are mainly employed in those changes where aldehydes 
would be resinified or condensed, 

M&thyl2diMetkyle7iediniethylether,Formalt CH 2 (OCH 3 ) 2 ,b.p. 42*, D, =0-855, 
is an excellent solvent for many carbon compounds. Methylene diethyl ether. 
Diethyl formal, CHafOCgHgla, b.p. 89°. For the higher methylals see Ber. 20 , 
E. 553 ; 27 , R. 507. Dichloromethylal, CH 2 ( 0 CH 2 C 1 ) 2 , b.p. 166°, is obtained 
from the interaction of paraformaldehyde and dichloromethyl ether, OfCHgCllg ; 
and also from a formaldehyde solution and HCI {Ann. 334, 1). With sodium 
methoxide and ethoxide it yields respectively dimethoxymethylal, b.p. 107°, and 
diethoxymethylal, b.p. 140°, having the general formula CHglOCHoORlg (C, 1904, 
ir. 416, 1906, 11. 226). 

Mhylidene dimethyl ether, acetaldehyde dimethyl acetal, CH 3 CH(OCH 3 ) 2 , b.p. 64°. 

Acetal, Ethylidene diethyl ether, CHsCH{OC 2 H 5 ) 2 , b.p. 104°, Dgo = 0-8314, 
is produced in the process of brandy distillation. It is quite stable towards the 
alkalis, whilst dilute acids readily break it down into aldehyde and alcohol 
(Ber. 16, 512). 

Halogen Derivatives of Acetal. — Monochloroacetal, CH 2 Cl-CH(OEt) 2 , b.p. 
167°, dichloToaceial, CHCl 2 -CH{OEt) 2 , b.p. 183-184°, and trichloroacetal, CCls*- 
CH(OEt} 2 , b.p. 197°, can be obtained by the chlorination of acetal, but all are 
more readily prepared by the action of chlorine on alcohol under suitable con- 
ditions of cooling (Ann. 279, 300). 

Monobromoaceial, CH 2 BrCH(OC 2 H 5 ) 2 , b.p. 170°, is produced from acetal, 
bromine, and CaCOg ; or from paraldehyde, bromine, and alcohol (Ber. 25 , 2551 : 
C. 1905, 1, 1218 : 1907, 1. 1180). Sulphuric acid decomposes the halogen acetals 
into alcohol and halogen-aldehydes (p. 240). lodoaceial, I-CH 2 'CH(OC 2 H 5 ) 2 , 
b.p. 100°/10 mm. (Ber. 30 , 1442). 

Butylchloralacetal, CH 3 CHCl-CCUCH(OC 2 H 5 ) 2 , b.p. 123°/20 mm. (C. 1907, 
I. 152). 

The polymeric modifications of aldehyde are closely related to the acetals, 
and result from an acetal-like union of similar molecules (p. 236). If molecules of 
diSerent aldehydes take part in the reaction, there are obtained compounds similar 
to those form^ by polymeric aldehydes ; chloral and formaldehyde, with con- 
centrated H 2 SO 4 give Hexaehlorodimethyltetroxan, CClgCHc^Q Qg^^Q^^CHCClg 

and Hexachlorodimethyltrioxan, CClaCHc^^ ^ ^^ CHCla (Ber. 33, 1432). 
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C. Aldehyde Dihalides and Halogenohydrins 

The aldehyde dilialides, R-CHXg, and the aldehyde halogeriohydrins, 
R‘CH(OH)*X, can be regarded as the di- and mono-halide esters of the non- 
existent aa-glyeols, or aldehyde hydrates, R‘CH(OH)2. The ethers of the halo- 
genohydrins, R*CH(OR')-X, can also be regarded as a-halogen substitution 
products of the ethers, R-CHg'OR'. 

1. Aldehyde Dihalides, R'CHXg. — ^The dichloro -compounds are readily 
produced by heating aldehydes with phosphorus pentachloride, and re-form 
the aldehyde when heated with water at 100°. 


Name. 

Formula. 

M.P. 

B.P. 

B. 

Methylene chloride 

CHaCla 



41° 

1*37 

( 0*) 

Methylene bromide . 

CH^Br^ 

— 

98° 

2*54 

( O”) 

Methylene iodide 

1 CH2I2 

+ 4° 

181° 

i 3*28 

(15°) 

Ethylidene chloride . 

1 CH3CHCI2 


60° 

1 M7 

(20°) 

Ethylidene bromide . 

CHgCHBra 

— 

110° 

; 2*02 

(20°) 

Ethylidene iodide . 

CH3CHI2 

— 

127°/171 mm. 

1 2*84 

{ 0°) 

Propylidene chloride . 

CHg-CHgCHCla 

— 

86° 

i 1*16 

(14°) 


Methylene chloride is formed from CHgCl and Cl, by the reduction of chloro- 
form by means of zinc in alcohol, and from trioxymethylene and PCI5. 

Methylene bromide results on heating CHgBr with bromine to 180°, and by 
the action of trioxymethylene on aluminium bromide, or phosphorus penta- 
bromide. 

Methylene iodide is produced when iodoform is reduced with HI, or better, 
with arsenious acid and sodium hydroxide (Klinger). It is characterized by a 
high specific gravity. Chlorine and bromine change it to methylene chloride and 
bromide. Mercury produces the derivative ICHgHgl (0. 1901, 1. 1264). Heated 
with copper in a sealed tube it 3delds ethylene (p. 102), 

Ethylidene chloride is produced (1) from aldehyde by the action of PCI 5, 
(2) from vinyl bromide by means of hydrogen bromide, and (3) by treating copper 
acetylide with concentrated hydrochloric acid (Ann. 178, 111). Ethylene 
(p. 102) is produced by the action of sodium. 

Ethylidene bromide is obtained by the action of PClgBra on aldehyde (Ber. 5, 
289). 

Ethylidene iodide is obtained from acetylene and hydriodic acid (Ber, 28, 
R. 1014). 

2. Aldehyde Halogenohydrins. — ^These are only known as their ethers, the 
a-halogen ethers, R*CH{OR')*X. The lattpr are obtained by the action of 
alcohols and halogen acids on the aldehydes, and are readily converted by the 
further action of alcohols or alkoxides into the dialkyl ethers, acetals. 

Monochloromethyl ether, GHjChOMe, b.p, 59*2°, Dj® 1*0771. Monochloro- 
methyl ethyl ether, CHgCl-OEt, b.p- 83°, Dj® 1*0188. Monochloromethyl propyl 
ether, CHaCl-O'CsH,, b.p. 109°, and higher homologues are obtained from tri- 
ox3methylene, hydrochloric acid and the corresponding alcohol (Ber. 38, 1383 ; 
Ann, 334, 49 : C. 1912, H. 1266). 

They are highly reactive bodies ; with water they regenerate formaldehyde ; 
with formodes and acetates they yield ether-esters of the type HCOOCHgOR ; 
with 7imgnesium alkyl halides they give simple ethers (p. 155) ; with magnesium 
in presence of ketones or carboxylic esters or magnesium-organic compounds 
such as ROCHgMgX (p. 366), they form ethers of the ethylene glycols, R"R'- 
C(0H)CH20R, or diethers of the glycerols, R'C(OH)(CHgOR)2 ; with mercury 
or copper cyanides they are converted into nitriles of alkoxyl glycollic acid 
XC-CHgOR (C. 1907, I. 400, 871). They yield hexamethylenetetramine with 
ammonia (p. 248), and form quaternary ammonium salts, CIR3NCH2OCH3, 
with tertiary amines- 

Monobromomethyl ether, b.p, 87° ; DJ® 1*6065. Monoiodoinethyl ether, b.p. 
124° ; Djg = 2*0249 (Ber, 26, R. 933). 

OL-Mono<Moroethyl e^r, GHsCHCi'O'GHjCHs, b.p. 98°, isomeric with ethylene 
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chlorhydriii ethyl ether, ClCH2CH2*0’C2Hs, is produced by the chlorination of 
ether, and by saturating a mixture of aldehyde and alcohol with hydrochloric 
acid, into which substances it is again resolved by water. o^^Monobromoethyl 
ether, b.p. lOo" (Ber. 18, B. .*122). 

Tetrachloroethyl ether, CCla-CHCl-OEt, b.p. 189°, from chloral alcoholate and 
PClg (J.A.C.S. 31, 410). 

3. 5ym.-aa'-Dihalogen alkyl ethers, Ethers of the aldehyde kalohydrinsvQ^yjli, 
from the action of the halogen acids on trioxymethylene (C. 1900, I. 1122 : 

1901, IL 26 : Ann. 334, 1). 

sym.-Dichloromethyl ether, (CH2Ci)20, b.p. 105°, D == 1*315, is also obtained, 
together with dichloromethylal from trioxymethylene and PCI3. sym,‘Dibromo- 
methyl ether, b.p. 150°. eym.~Diiodomethyl ether, b.p. 218°. 

aa-Dichloroethyl ether, (CH3*CHCi)20, b.p. 116°. 

D. Carboxylic Esters of the Aldehyde Hydrates 

The carboxylic esters of the alkylidene glycols, R*CH(OR')2, are formed 

(1) from aldehydes and acid anhydrides : 

CH3CHO + (CH3C0)20 = CH3CH(0C0CH3)2. 

(2) Prom aldehydes and acid chlorides : 

CHjCHO + CH3COCI = 

(3) Prom the corresponding chlorides, bromides, and iodides by the action 
of silver salts: 

CH2I2 + 2CH3C02Ag - CH2(OCOCH3)2 + 2AgI. 

When boiled with water these esters break down into aldehydes and acids. 

Methylene diacetate, CHa(OCOCH 3)2, b.p. 170°. Por higher homologues see C. 

1902, II. 933 ; 1903, II. 656. Ethylidene diacetate, CHsCHCO-COCHglg, b.p. 169°. 

Chloral diacetate, CCl3*CH(OCOCHs)2, b.p. 221°. Bromal diacetate, m.p. 76°, 

Monochloromethyl acetate and rmmhrorrioinethyl acetate, Br*CH20C0CH3, 

b.p. 130°, are prepared from trioxymethylene and acetyl chloride or bromide 
(0. 1901, II. 396). oL-Monochloroethyl acetate, CHsCHCbOCOCHg, b.p. 121*5°, 
is the parent substance for the preparation of ether-esters and mixed ethers. 
OL‘Chloroethyl propionate, b.p. 134-136°, Silver propionate with the first chlor- 
hydrin forms the same aceto-ethylidine propionate, CH3COO*CH(CH3)OCOC2H5, 
b.p. 178*6°, as silver acetate with the second chlorhydrin. These facts argue 
for the equivalence of the carbon valencies (Geuther, Ann. 225, 267). 

Chloral acetyl chloride, CCl3CHCl{OCOCH3), b.p. 193°, Broinal acetyl chloride 
{0. 1900, n. 811). Chloral ethyl acetate, CCl3*CH{0C2H5)0*C0CH3, b.p. 198° 
(C. 1901, L 930). 

E. Aldehyde-Bisulphites and Aldehyde Sulphoxylates 

Aldehydes in aqueous solution absorb sulphurous acid with evolu- 
tion of heat (Ber. 38, 1076 : C. 1904, II. 54). The sulphur dioxide 
is driven oS by heat. On the other hand, aldehydes unite with 
bisulphites to form compounds of the general formula, R-CHOH-SOailf, 
which usually crystallize well, and serve to characterize the aldehydes. 
These compounds are known as the aldehyde bisulphites. 

According to Baschig, these compounds are to be regarded as 
a-hydroxysuiphonic acids, R*GH( 0 H)*S 020 Na, in which the sulphur 
is directly linked to carbon (Easchig and PraM, Ber, 59, 859, 2025 : 
Ann. 448, 266). Objection has been taken to this sulphonic acid 
formulation, largely on account of the lability of these compounds 
towards acids and alkalis, whereas the ordinary sulphonic acids are 
stable under identical conditions, and also because the jS-hydroxy** 
propanesulphonic acid obtained from propane-fl)S-disulphonio acid is 
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different from “acetone bisulphite” (Ber. 59, 1695, 2341). Raschig 
has replied to this criticism of Schroeter’s that the lability of the 
sulphonic acid group is caused by the presence of an -OH group on 
the same carbon atom (Ber. 61, 179). The investigation of the X-ray 
absorption spectra of these compounds supports Raschig^s views 
(Stelling) (cf. also the observations of Bazlen, Ber. 60, 1470). 

The aldehydes also yield “ bisulphite compounds ” when treated 
with neutral sulphites, an equivalent amount of alkali being liberated. 
This can be titrated for quantitative determination of aldehydes 
(C. 1904, 1. 1176, 1457) : 

R-CHO 4- NagSOg + H^O y R*CH( 0 H)-S 03 Na -f NaOH. 

The aldehyde bisulphites show the following reactions : 

(1) They are easily decomposed by hydrochloric acid or alkahs, 
regenerating the aldehyde ; 

(2) They are easily transformed by aqueous solutions of alkali 
cyanides, forming aldehyde cyanhydrins or a-hydroxynitriies (Ber. 
37, 4060 : 38, 213). 

HO-CH^-SOsK + KCN = HOCHsCN K^SOg ; 

(3) They are converted by ammonia or amines into alkylidene 
amino-sulphites (Ber. 37, 4075 : 38, 1077) : 

HO-CHj-SOsNa -f NHg = NHa-CHa-SOaNa -f H^O ; 

(4) When reduced by zinc dust and acetic acid, they yield alde- 
hyde sulphoxylates (Ber. 38, 1073 : C. 1905, II. 1752). According 
to Bazlen (Ber. 60, 1470) the sulphoxylates are to be regarded as salts 
of hydroxysulphinic acids, similarly to Raschig’s view of the bisulphite 
compounds. 

R-CHOH-SOgNa -f 2H ^ R CHOH-SOgNa -f- H^O. 

Formaldehyde sulphoxylates HOCHg-OSONa 4- 2 H 2 O, withstands the action 
of alkalis better than formaldehyde bisulphite. It forms small rhombic prisms 
(C. 1905, I. 796). A finely crystallizing double compound of formaldehyde 
sulphoxylate and formaldehyde bisulphite (Ber. 38, 2290) may be prepared from, 
formaldehyde and soditim hydrosulphite, Na 2 S 204 . This body, known under the 
name of Eongalite, is of technical importance in the dyeworks where, in discharge 
work, the reducing action of sodium hydrosulphite is developed at a raised 
temperature and then only acts on the azo -dyestuffs, indigo, etc,, without 
attacking the fibre. Rongalite can be split up into its constituent compounds 
by fractional crystallization. Sulphoxylates react with amines similarly to the 
aldehyde bisulphites. 

3. SULPHUR DERIVATIVES OF THE SATURATED ALDEHYDES 

In this class are (A) the thioaldehydes, their polymeric modifications and 
their sulphones ; (B) the mercaptals or thioacetals, with their sulphones ; and 
(C) the hydroxysulphonic and ^sulphonic acids of the aldehydes. 


A. Thioaldehydes, Polymeric Thioaldehydes and their Sulphones 

The simple thioaldehydes are not well known, whilst the polymeric thioalde- 
hydes are more accessible. All of them can be regarded as the alkyl derivatives of 
polymeric trithioformaldehyde (trithiomethylene) discovered by W. Hofmann. 
They are formed when the aldehydes are acted on with HgS and HCl. The 
HgS adds itself to the C=0-group of the aldehydes, and hydroxy -hydrosulphides 
result, from which the trithioaidehydes arise ; 




246 


ORGANIC CHEMISTRY 


The trithioaldehydes are odourless solids, whereas the simple thioaldehydes 
and their mercaptan -like transposition products possess a persistent, disagreeable 
odour. 

The trithioaldehydes are oxidized by hydrogen peroxide or potassium per- 
manganate to sulphide-sulphoxides, trisulphoxides, sulphide-sulphones (J. pr. 
Chem. [2] 89, 547) and finally into trisulphones. The molecular weight of the 
trithioaldehydes has been determined both by vapour density and by the lowering 
of the freezing point of their naphthalene solution. Klinger first proposed the 
structure for the trithioaldehydes which corresponds with the formula of paralde- 
hyde and was proved correct by the oxidation of the trithioaldehydes to tri- 
sulphones. 

The isomeric phenomena of the trithioaldehydes were considered by Baumann 
and Fromm to be due to their space-configurations (Ber. 24, 1426). 

Proceeding from the same considerations, which served Baeyer in his explana- 
tion of the isomerism of the hexamethylene derivatives (see Hexahydrophthalic 
acids), they distinguished a- or cia- and j8- or ^rans-modifications. Camps 
represents the two trithioacetaldehydes in the following way : 



H 

t 


H 

1 


1 

C 


1 

C 

H S 

H 

H S 

Me 

iC- 

-S--M 
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\l 
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1 

Me 

1 

Me 

1 

Me 

i 

H 


a or cis-form. /5- or tram-toim. 


The three alkyl groups are on the same side of the ring in the oc- or cis-form 
and on the opposite sides in the jS- or trans-ioxm. 

Only one disulphone-sulphide corresponds with the cia-modification, whilst 
tm stereoisomeric disulphone-sulphides take the imn^-form. 

Trithioformaldehydes . — ctrTrithioformaldehyde (Trimethylme trisulphide ) 
(CH 2 S) 3 , m.p. 216°, is obtained by heating formaldehyde sodium thiosulphate 
and hydrochloric acid together (J. pr. Chem, [2] 77, 367). The intermediate 
formation of hydroxymethylthiosulphuric acid, HOCHg-SBOgH, which then 
decomposes into the thioaldehyde and sulphuric acid, is probable (Ber, 40, 
865 : 47, 306), On heating trithioformaldehyde with methyl iodide and methyl 
alcohol, trimethylsulphonium iodide is formed (see p. 174) (C. 1906, I. 649), 
By the prolonged action of concentrated hydriodic acid, the ot- compound changes 
into the isomeric p4rithioforrmldehyde, m.p. 247°, which readily reverts to the 
more stable low-melting a-form (J, pr. Chem. [2], 88, 50). 

Trithioacetaldehydes. — oc-Trithioacetaldehyde, m.p. 101°, b.p. 246-247°, and 
^-trithioacetaldehyde [CH 3 CHS] 3 , m.p. 125-126°, b.p. 245-248° ; at low tempera- 
tures the a-form predominates, but can be changed in considerable proportion 
into the j8-form by the aid of catalysts such as iodine, zinc chloride, acetyl chloride, 
hydrochloric acid, etc. (Ber. 24, 1457 ; C. 1905, II. 1720 : compare also C. 1904, 
II. 21). 

Sulphoxides and Sulphones of the Trithioaldehydes 

These are obtained from the trithioaldehydes by oxidation with hydrogen 
peroxide or permanganate. The trisulphones, and to a less extent, trimethylene 
trisulphoxide, possess an acidic character and are soluble in alkalis and alkali- 
carbonates. The hydrogen atoms in the methylene groups of trimethylene 
trisulphone are replaceable by metals, and by treatment of the sodium derivative 
with alkyl iodides, the hexaalkyl derivatives, identical with the oxidation 
products of the trithioketones, are formed. The stereoisomerism of the tri- 
thioaldehydes was said to be lost in their oxidation products (Ber. 26, 2074 : 
27, 1667). However, recent work on the disulphoxide of diethylene disulphide 
shows that this substance exists in two stereoisomeric forms which can be repre- 
sented as follows, and it is suggested that further investigation of the two trime- 
thylene trisulphoxides (J. pr. Chem. [2] 85, 339 : 89, 547) may enable similar 
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constitutions to be assigned to them (XC.S. 1927 » 1798), the oxygen being 
united to sulphur by a semi-polar double bond (p. 31). 



^ XCH^-CHa- 


*x 


O 


trans. 


Trirnethylene triaidphone, CH2 <^q^ trimethylenc dmdphone 

Opv ,(^XT ^ ^ 

sulphide, ^^2<Cg02*CH2-^* trieQi/ylidene trisulphom, [CH3CHS0213 m.p. 
above 340® (Ber. 25, 248). 

The two isomeric trithioacetaidehydes yield triethylidene disulphom sulphide, 

CH,-CH-<|ggggj>S, m.p. 228-231“. 

Thialdine, is produced by the action of 

NH3 on a-trithioacetaldehyde (Ber. 19, 1830), and of HaS on aldehyde -ammonia 
(Ann. 61, 2). It yields ethanedisulphonie acid (p. 248) by oxidation. Methyl 
thialdine, (C2H4)3S2(NCHs), m.p. 79° (Ber. 19, 2378). 


B. Mercaptals or Thioacetals and their Sulphones 


The thioacetals, corresponding with the acetals (p. 241), are called mercaptals. 
They are formed (1) from alkyl iodides and alkali mercaptides ; (2) by the action 
of HCl on the aldehydes and mercaptans. First an addition product is formed 
such as CH2(OH)SC5 Hh, which with a second mercaptan molecule loses water 
and yields a mercaptal. It is possible, therefore, to prepare mercaptals con- 
taining two different alkyl groups (Ber. 36, 296). They are oils with very 
unpleasant odours, and are oxidized by KMnOi to sulphones. 




40 




5 ^ 

5 


Methylene diethyl mercaptal, CH2(SC2H3)2, b.p. about 180°. Ethylidenc 
diethyl mercaptal, Dithioacetal, CHgCH^SCgHsla, b.p. 186°. Propylidene diethyl 
mercaptal, CH3CH2CH(SC2H5)g, b.p. 198°. 

In the sulphones of the mercaptals the methylene hydrogen (see above) is 
replaceable by alkali metals. Mono- and dialkylated sulphones can be prepared 
from these alkali derivatives. Again, the dialkylated sulphones may be obtained 
from the mercaptoles (p. 267) ; sulphonal belongs to this class. 

Methylene diethyl sulphone, CH2(S02C2H5)2, m.p. 104°, is readily soluble in 
water and in alcohol. It is formed in the oxidation of orthothioformic ethyl ester 
iq.v.). It condenses with formaldehyde, forming methylene dimethenyl tetra- 
ethyl sulphone (Ber. 33, 1120). Methylene ethyl phenyl disulphone, CH2(S02C2H5)- 
(SOgCgHg), m.p. 111° (Ber. 36, 300). Ethylidene diethyl sulphone, CH3CH- 
(SOgCgHg) , m.p. 75°, b.p. 320° with decomposition. 


C. Hydroxysulphonic Acids and Disulphonic Acids of the 

Aldehydes 

Hydroxymetkanesulphonic acid, CH2(0H)S03H, is formed together with 
hydroxymethanedisulphonic acid, CH(0H)(S03H)2, and methanetrisulphonic 
acid, CH(S03H)3, by the action of fuming sulphuric acid on methyl alcohol 
and subsequent boiling of the product with water. Boiling acids or alkalis have 
no effect on it (comp. p. 245). 

Methionic acid, Methanedisulphonicacid, CH 2 (SO 311)2, has long been known. 
It is produced when fuming sulphuric acid acts on acetamide, acetonitrile, lactic 
acid, etc. It is most conveniently made by saturating fuming sulphuric acid 
with acetylene^ but aceUddehyde distdphomc add, CHO*CH(S03H)2 is also largely 
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formed. This latter acid can be completely decomposed by alkalis into formic 
and methionic acids : 

0(S0,H)2 HsO 

OH : CH 0CH-CH(S03H2) ^ HO^CH + 

Acetylene. Acetaldehyde Formic Methionic 

disulphonic acid. acid. acid. 

Methionic acid crystallizes in deliquescent needles, which are not deconaposod 
by boiling nitric acid. Barium salt, CHaCSOglaBa 4* forms pearly leaflets 

dissolving with difficulty. 

Methio7iic methyl ester, CH2(S03CH3)2, m.p. 70°, b.p. 1 94-200°/ 1(> nim. : 
ethyl ester, m.p. 29°, result from the action of silver methionate on alkyl iodides : 
easily hydrolysed by water. The esters are good alkylating agents. For addi- 
tional salts and esters, see Ann. 418, 191, 196. 

Methiorvyl chloride, CH2(S02C1)2, b.p. 135°/10 mm., D.js 1*82, is formed 
from methionic acid and phosphorus pentachloride. It reacts energetically with 
water or alcohol, regenerating methionic acid. With amines, especially those 
of the aromatic series, it forms amides. 

Methionic anilide, CHalSOaNHCeHgla, m.p. 193°, yields well-crystallizable or 
insoluble salts : CH2(S02NAfC8H5)2. Methionic diethylanUide, CH2lS02N[C2H5]- 
CfiHsla, m.p. 113°. 

The esters, still better the dialkyl amides of methionic acid, react with 
potassium and sodium, evolving hydrogen and forming salts, KCH(S03R)2 and 
NaCH{S02!NR2)2 which readily undergo transformation with alkyl halides, 
acyl halides and carboxylic esters. As a result, homologues of 7nethiomc acid can 
be formed in the same way as malonic ester is caused to yield its homologuc.s 
{G, Sekroeter, Ann. 418, 161 : Ber. 59, 2341) 

C S I 

NaX)H(SOiiNBj)2 CjE5CH(SOjNRi,)2 CjH5CH(SOaH)2 

Ethyl methionic acid. 

OHaCNa(SO,NRa)j-^:^^l-> (?g»>C-(SOaNKj)a ► 

Methyl ethyl 
methionic acid. 

£thane>oca- disulphonic acid, Methyhnethionie acid, CH3CH(S03H)2 is 
also formed from thialdine (p. 247) by oxidation with permanganate (Ber. 12, 
682 : 21, 1550). 

4. NITROGEN-CONTAINING 0ERIVATIVES OF THE 
ALDEHYDES 

A, Compounds derived from Ammonia and Alkylamines 
with Aldehydes 

Ammonia combines directly with acetaldehyde and its higher 
homologues, forming aMehyde-ammonias ” or ot-amino alcohols. 

R*CHO + ^3 ^R-CH(0H)-NH2. 

The aldehyde ammonias can be dehydrated to form oMimines, 
R-CH : NH. With formaldehyde, on the other hand, it forms the 
compound hexamethylen© tetramine, {CH2)6N4, with elimination of 
water. 

Hexamethylenetetramine, {Hexamine, Urotropme) is very much used in 
mediome as a urinary antiseptic. The antiseptic property is due to its hydro- 
lysis, with fonnation of formaldehyde, in acid urine. It forms soluble com- 
pounds with uric acid, but is of little value in the treatment of gout. 

It is very soluble in water, and crystallizes from alcohol in brilliant rhombo- 
hedra. It sublimes without decomposition under reduced pressure. It is 
resolved into CHjO and ammonia when distilled with sulphuric acid. It is a 
monacid base, but shows no reaction with litmus (Ber. 22, 1929). Efforts have 
been made to ascertain its molecular weight by the analysis of its^salts, by an 
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approximation of its vapour density, and by the lowering of the freezing point 
of its aqueous solution (Ber. 19, 1842 : 21, 1570). Nitrous acid first converts 
hexamethylenetetramine into dinitrosopentamethylenetetramine, and this then 
into trinitrosotrimethylenetriamine. When it is considered that trimethylene- 
trimethyltriamine is formed by the interaction of methylamine and formaldehyde, 
it is obvious that the reaction must cease at this point, because the imide-hydrogen 
atoms have been replaced by methyl groups. Ammonia and formaldehyde yield 
at first trimethylene triamine, corresponding with trimethylenetrimethyltriamine, 
which reacts with, further, ammonia and formaldehyde, splits off water and becomes 
pentamethylenetetramine. The latter is converted by formaldehyde into hexa- 
methylenetetramine. The following constitutional formulae aim to represent 
this behaviour (comp. Duden and Schar^^ Ann. 288, 218 : see also C. 1898, 1. 36) : 



Trimethylene triamine. Pentamethylene teiaraminc. Hexamethylene tetraraine. 


Hexamethylene tetramine forms addition compounds with bromine, iodine, 
iodoalkyls and iodine, mercuric iodide and iodine, chloral and bromal (C. 1898, 
II. 663 : 1900, I. 409) ; 

(CH2)eN4l4, (CH2)eN4la*CH3l, {CIL^Ul<^^‘CCkCKO + 

"When heated with hydrochloric or acetic acid urotropine is decomposed 
respectively into formaldehyde and ammonia or into methylamine and COg (C. 
1906, 1. 1088). Compare the formation of trimethylamine by heating formalde- 
hyde with ammonium salts (p. 189). 

Hydrogen peroxide reacts with hexamine in neutral solution to form the 
double compound, (CHg)6N4, HgOg, but in acid solution forms hexaoxymethylene- 
diamine (p. 241), which can also be produced by the action of ammonia on 
formaldehyde peroxide (Ber. 45, 2571). 

Aldehyde-ammonia, CH3CH(OH)NH2, m.p. 70-80°, is produced when dry 
ammonia gas is conducted into an ethereal solution of aldehyde, and consists of 
brilliant rhombohedra, dissolving readily in water. Acids resolve it into its 
components (p. 231) ; 

NH, HjSO, 

CHgDHO ^ CH3'CH(0H)NH2 ^ CH3CHO 4 - NH4H'S04. 

When kept for a long time in vacuo over sulphuric acid, the original crystals 
gradually change into gleaming white ones of ethylidenimine, (CH3CH=35inEI)3, 
m.p. 85°, b.p. 123°. The picrate, recrystallized from alcohol, has the formula 
{C3H5N)3*C6Hg(N02)30H + C2H5OH (C. 1899, I. 420). 

In contact with water it^ passes into amorphous hydrcu^iamide, CgHjgNa* 
Sodium nitrite, added to a slightly acidified solution of aldehyde-ammonia^ 
produces nitrosoparaldimmet C8Hi202(N*NO), which by reduction yields awiino- 
paraldimine^ C.H„0 2(N-NH2), and this in turn, by the action of dilute sulphuric 
acid, splits off hydrazine, NHg'NHg (Ber. 23, 740). Paraldimine should be viewed 
as paraldehyde in which an oxygen atom has been replaced by the imino-group. 
Hydrogen sulphide changes aldehyde-ammonia to thialdine (p. 247), whilst with 
hydrocyanic acid it becomes the nitrile of a-aminopropionic acid (g'.t?.). A 
remarkable reaction occurs when aldehyde-ammonia acts on acetoacetic ester, 
resulting in the formation of 1,3,5-trimethyldihydropyridmedicarhoxylic ester 
(Vol. II). 

Hexaethylidenetetramine, (CH3GH)4N4, m.p. 102°, with 6HaO, m.p. 96°, is 
obtained by heating aldehyde-ammonia with aqueous ammonia to 150° (C. 1900, 
I. 901). 

Chloirai-ammouia, C0l3CH<^^^*, in.p. 63° 
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For the chloralimides, (CCls-CH : NHjg, and dehydrochloralimides, 
CeHiClgNj, consult Ber. 25 , R. 794 : 24 , R. 628. The isomerism of the former 
is very probably dependent upon the same causes as that of the polymeric 
thioaldehydes (p. 245). 

Aldehyde bisulphites react with ammonia or alkylamines to form certain 
compounds, which can also be obtained from the aldimines and sodium bisulphite 
(Ber, 37, 4087 : 38, 1077). These were formerly regarded as sulphurous esters 
of the aldehyde ammonias, but on the analogy of the aldehyde bisulphites (see 
p. 244) are probably to be regarded as a-aminosulphonio acids. 

Aminomethanesulphonic acid, NHg-CHa'SOgH, forms crystals sparingly 
soluble in cold water. Sodium diethylaminomethanesulphonate , NEt g-CH g* 
SOgNa, gives tetraethylmethyleTiediamim on warming with hydrochloric acid 
or sodium hydroxide, and diethylximimmethyl acetate^ NEtg-CHg'O-COCHa, 
b.p. 81®/14 mm., with acetic anhydride. With aqueous potassium cyanide, it 
forms diethylamimacetonitrUe, NEta'CHg^CH, 


Compounds from Aldehydes and Alkyhmines 

The following bodies are produced when primary amines act on formalde- 
hyde (Ber. 28, R. 233, 381, 924 : 29 , 2110) : 

Methylmethyleneaminet [CHg=N’*Ca0[3]3, b.p. 166'’ ; Dig.? — 0*9215. 

Ethylmethyleneamine, [CHa—N'CgHgjs, b.p. 207° ; Dig.7 = 0*8923. 

n-PropylTnethyleneamine, [CHg^N-CgH^ja, b.p. 248° ; Dig.7 = 0*880. 

The hydroiodides of methyl and ethylmet^leneamines are converted by 
heat into isomeric salts possessing the characteristics of quaternary ammonium 
salts, as is perhaps represented by the following formulae (Ann. 334, 210) j 

[(CHg)3{NR)3]HI and [(CHg)3(]Sr3R2H)]RI. 

By the use of aldehydes of higher molecular weight, the tendency to poly- 
merization on the part of the reaction products of primary amines and aildehydes 
diminishes and **Schiff'8 hoses are formed. 

Methylisobutylidmeamine, (CH8)2CH*CH=N*CH8, b.p. 68°. 

Tetrarnethylmethylenediamine, b.p. 85°, is obtained from 

formaldehyde and dimethylamine (Ber. 26 , R. 934: Ber. 36 , 1196). 

B, Aldoximes, R' CH=N OH (V. Meyer, 1863) 

The aldoximes are formed when hydroxylamine, in the form of 
an aqueous solution of hydroxylamine hydrochloride (1 mol.), mixed 
with an equivalent quantity of sodium hydroxide mol.), acts in 
the cold on aldehydes. At first there is very evidently formed an 
unstable addition product, coiresponding with aldehyde-ammonia, 
which in the case of chloral may be obtained in stable form, but 
which passes readily into the oxime : 

R*CHO + WEL^OK > (R-CH(OH)*3SnE[OH) > R-CH : NOH + HgO 

Cannot usually Aldoxime. 

be isolated. 

Aldoximes can also be obtained from primary amines by oxidation 
with permonosulphuric acid, H 2 SO 5 (Ber. 35, 4293), by reduction of 
ajS-nitroolefines (p. 182) with zinc and acetic acid (C. 1903, II. 553) : 

CHa-CHaNHa CH3CH : NOH 
(CH3)2C : CHNO2 — ^ (CH3)2CH*CH : NOH 

The aldoximes are colourless liquids which boil without decom- 
position. The first members of the series dissolve readily in water. 
When boiled with acids they are again changed to aldehyde and 
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hydroxylamine. By the action of anhydrides or acid chlorides the 
aldoximes are converted into nitriles : 


CH3CH : NOH + (CH3C0)20 = CH3C : N + 2CH3CO2H. 
Acetoxime. Acetonitrile. 


The oximes and hydrazones (p. 252), like the aldehydes, take up hydro- 
cyanic acid ; the products are aminoxyl- or hydrazino -nitriles (Ber. 29, 62). 
By the direct action of alkyl halides on aldoximes and ketoximes only alkyl- 


nitrogen compounds of the isooximes (Vol. II) are formed, RH 



(0. 1901, 1. 1147). 


Formaldoxitne, CH 2 =N*OH, b.p. 84°, passes spontaneously into polymeric 
triformoximef (Ber. 29, R. 658). Formoxime yields 

hydrocyanic acid when it is boiled with water (Ber. 28, R. 233 : C. 1898, II. 18). 

Acetaldoxime, CHs'CH : NOH, m.p. 47°, b.p. 115°, also exists in a second 
modification, m.p. 12°, which readily reverts to the first form (Ber. 26, R. 610 : 
27, 416 : 40, 1677 : C. 1898, II. 178). Chlorine in hydrochloric acid solution 
converts it into chloronitrosoethane, CH3CHCINO (p. 183), which easily becomes 
rearranged into CH3CCI .* NOH. 

Chloral hydroxylamine, CCl3*CH(OH)NH(OH), m.p. 98° (Ber. 25, 702), 
even upon standing in the air, becomes converted into Cfdoraloxime, CCl 3 CH= 
NOH, m.p. 39-40°. 

Propioruddoxime, CaHg'CH—N'OH, b.p. 130-132°. isoButyraMoxime, 
(CH3)2CH*CH=N0H, b.p. 139°. isoVaZeraldoxime, (CH 3 ) 2 CH*CHa-CH=NOH, 
b.p. 164-165°. (Enanthaldoxime, CH 8 (CH 2 ) 5 CH : NOH, m.p. 55*5°, b.p. 195°. 
Myristin aldoxime, m.p. 82° (Ber. 26, 2858). 

The aldoximes of the fatty series resemble the aromatic sj/n-aldoximes in 
their behaviour (Ber. 28, 2019). 


C. DiazoparafBlnSy R*CHN2 

The diazoparaffins, containing the group : CNg, were discovered 
by Pechmann (1894) to be produced by the action of alkalis on 
nitrosamines. Diazomethane has been most completely investigated. 

The structure of the : gi*oup might be represented either by 

/N 

a ring formula -Of !! or an open chain formula : C : N : X. In modem 

formulation this may be represented as containing a semipolar double 
bond, i,e, as >C N : N or : N =± N. The physical proper- 
ties of the compounds (parachor (Ber. 63, 702) : comparison of b.p. 
with that of the corresponding halogen and nitro compounds (J.C.S. 
1929, 1108)) are on the whole in better agreement with the ring 
structure than with a formula containing a co-ordinate linkage, 
though on account of the existence of optically active diazosuccinic 
ester (J. Biol. Chem. 55, 795) which is not compatible with the ring 
formula, an equilibrium is suggested between the open chain and ring 
forms (Ber. 63, 702). Stronger evidence of stereoisomerism at the 
carbon atom linked to a diazo group has been afforded by a study 
of the diazo compounds obtained from methyl cis.- and trans-Bmmo- 
camphonanates, and the semipolai' representation RR'C is 

suggested for the open chain form (J.A.C.S. 52, 3004). 

Diazomethane, CH^Na. — Diazomethaixe is most readily prepared by the 
action of alkalis on an ethereal solution of nitrosomethylurethane, potassium 
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inethyldiazotate being an intermediate product, which with water yields diazo- 
ine thane : 

CH3*N(N0)-C0^Et > CHg-N : N-OK ^ CHaNg. 

It is also readily prepared from hydrazine by the action of chloroform and 
alkalis (Ber. 45, 501). 

NHa-NHa 4- CHCl^ :1K0H + 3KC1 4- 3 H 3 O. 

Other methods for its preparation are the action of methyldichloroamine on 
hydroxylamine (Ber. 28, 1082) and tlie decomposition of sodium methyh^o- 
diazotate. 

It is at ordinary temperature a yellow, odourless, poisonous gas, which 
attacks the skin, eyes and lungs. It can be condensed to a deep yellow mobile 
liquid, which boils at — *23® and freezes to a crystalline mass at — 145®. Both 
as liquid and gas, diazomethaiie is violently explosive. 

It is an extraordmarily reactive compound : its reactions fall into two main 
groups, (1) where a methyl group is introduced into a compound, with elimination 
of nitrogen, and (2) the reactions in which the nitrogen forms part of the resulting 
compound. 

Water yields methyl alcohol : acids, organic and inorganic, are converted into 
their methyl esters, phenols into phenol ethers and aromatic amines into methyl- 
ated amines {e.g. hydrochloric acid yields methyl chloride, phenol, anisole and 
toluidine, methyltoluidine). Aldehydes are converted by diazomethane into 
methyl alkyl ketones (Ber. 42, 2559). Bihydrooxodiazoles (see Vol. II) are 
probably formed as intermediate compounds. In the case of some aldehydes, 
particularly those with negative substituents such as chloral and o-nitrobenzalde- 
hyde^ ethylene oxide derivatives, formed by addition at the C : 0 linkage, are the 
mam products (Z. angew. Chem. 40, 1099). 

With iodine it forms methylene iodide : when a mixture of CO and diazo- 
mothane, diluted with ether, is passed through quartz tubes at 400-500°, small 
quantities of keten, CHg : CO, are produced. For dissociation of diazomethanc 
into (CHa)/! and nitrogen, see Ber. 33, 956. 

Among the reactions in which the nitrogen is retained may be mentioned its 
addition to acetylene and ethylene, forming respectively pyrazole and pyrazolino 
(C. 1905, II. 1230), to methyl fumarate yielding the ester of pyrazolinedi* 
carboxylic ^eid (Ber. 28, 1624, 2377 : 31, 2950) and to various cyanogen deriva- 
tives forming osotriazole derivatives (Atti. R. Accad. Lincoi. [5] 16, 11. 237, 
412 : Gazzetta, 40, I. 120). 

For the reaction with quinone, see Ber. 32, 2292. 

Reaction with Grignard Reagents, Monatsh. 34, 1631. 

Diazoethane. >See Ber. 31, 2643. 

D, Hydrazones and Azines 

By the interaction of an aldehyde and hydrazine, either one or 
two molecules of aldehyde might react with one molecule of hydra- 
zine, the product in the first case being the hydrazone E-CH : NH*NHa 
and in the second the azine E-CH : : CH-E. Aliphatic repre- 

sentatives of the aldehyde hydrazones are not known, the azine always 
being produced. 

The products of reaction betw'een the aldehydes and substituted 
hydrazines, particularly phenylhydrazine, CsHs-NH-NHo (see Vol. II), 
and its derivatives are much more important. The phenyihydrazones 
are obtained by reaction between the aldehyde and phenylhydrazine 
in alcoholic or acetic acid solution (Fischer, Ann. 190, 134 : 236, 137) : 

R-GHO 4 - KHa-NH-CeHs > R CH : N-NH-CeHg 4 - HoO. 

Many substitution products of phenylhydrazine such as p-nitro- 
phenylhydrazine are much used for the isolation and characterization 
of aldehydes, as their compounds are less soluble and more easily 
crystalli^d. 
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Aldazines. — Aoetaldazin^^ CHa-CH : N-N : C-CHg, forms a colourless oil 
readily soluble in water, b.p. 95° (J. pr. Chem. [2], 58, 325). Propwtwddazine, 
b.p. 145°. UoButyraldazine, b.p, 164°. 

By adding to acetaldehyde a solution of hydrazine hydrate in a small amount 
of alcohol, aldehyde-hydrazine^ CH 3 -CH(OH)-NHNH 2 , HgO, colourless crystals, 
m.p. 60°, is formed. This corresponds to aldehyde -ammonia {Ber. 44, 1134). 

From formaldehyde and hydrazine hydrate the two compounds formalazine^ 
CHg : N-N : CHg, an amorphous powder insoluble in water, and the hydrazone, 
(CHg : Ff*NH 2 ) 2 , a powder soluble in water, are formed under appropriate 
conditions. The latter gives with silver nitrate an addition compound, 
(CHa : ]Sr*NH 2 ) 3 - 2 AgN 03 . (Ber. 26, 2360 : 40, 1505). 

Phenylhydrazones. — Acetaldehyde •phenylhydrazonet CHa'CH : 
b.p. 140°/20 mm. ; a-form, m.p. 98-101° ; jS-form, m.p. 75°, forms a white crys- 
talline mass which is very sensitive towards acids. When recrystallized from 
75 per cent, alkaline alcohol the a-modification is obtained ,* if it is recrystallized 
from 75 per cent, alcohol containing SOg the labile j 8 -modification is deposited, 
which gradually changes into the a-form. The two modifications are stereo- 
isomers (p. 41) (Ann. 342, 15). Structurally isomeric with this compound is 
benzeneazoethane, CaHgN : N'CHgCHg (Vol. 11), which is transformed into 
acetaldehyde hydrazone by solution in cold concentrated sulphuric acid (Ber. 
29, 793). Aldehyde precipitates a compound^ CH 3 -CHO- 2 (C 3 H 5 i?HNH 2 ), m.p. 
77*5°, from the solution of phenylhydrazine bitartrate (Ber. 29, B. 596). 

Propionaldehydephenylhydrazonet CHa-CHa-CH!— b.p. 205°/180 mm. 

These hydrazones take up hydrocyanic acid and pass into the nitriles of 
hydrazino-acids (Ber. 26, 2020). 

Formaldehyde difiers from the higher homologues in that with phenylhydra- 
zine it yields trimethylene diphenylhydrazine, (C 3 H 5 N 2 )a(CH 2 ) 3 , b.p. 183-184° 
(Ber. 29, 1473 : R. Ill), 

2B. OLEFINE ALDEHYDES, CaH2n-i*CHO 

The unsaturated aldehydes, having a double carbon bond, bear 
the same relation to the olefine alcohols (p. 150) that the saturated 
aldehydes sustain to their corresponding alcohols. Their aldehyde 
group shows the same reactive power as the group in the ordinary 
aldehydes, but the presence of the unsaturated residue, CnHan-i, 
gives rise to addition-reactions similar to those shown by the olefines. 
aj?-01efine aldehydes result from the following special methods : 

(1) By the condensation of aldehydes of the formula RCHg-CHO 
by zinc chloride, hydrochloric acid, etc,, during which water is split 
t)if from the aldol first formed. 

2CH3CHO > CHaCHOH-CHgCHO ^ CH3CH ; CHCHO 

Acetaldehyde. Aldol. Crotonaidehyde. 

(2) From glycerol and from the dialkyl ethers of homologous 
glycerols, by heating with anhydrous oxahc acid, accompanied by 
the expulsion of water or alcohol, similarly to the formation of paraffin 
aldehydes from ethylene glycol ethers (p. 227 ; Ann. CMm. Phys. [8] 
9, 560) : 

— CjHjOH — CsH,OH 

aHsOCHg-CR’OH ^ C 2 H 5 OCH 3 CHR CHa-CR 

I 1 1 

CHa-OCaHfi CHO OHO 

Acrolein {AcralMiyde), CHg : CH-CHO (see Ann. Chim. [9] 15, 
160 et seqq.). Acrolein is prepared by the distillation of glycerol with 
potassium bisulphate (Ber, 20, 3388 : Ann. SuppL 3, 180 : 0. 1900, 
I. 962 : Ber. 35, 1137 : Compt. rend. 151, 530), boric acid (Ber. 32, 
1352), phosphoric acid (J. pr. Ghem. [2] 79, 351), magnesium sulphate 
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(Ber. 45, 2046), and other dehydrating agents, and by passing an- 
hydrous glycerol over heated alumina, it is also formed when fats 
are distilled. 

CH 3 OH CHOH CHO CHO 

• “ -_H»0 *■ * — H 2 O I 

CHOH > CH > CHa ^ CH 

11 

CHaOH CHaOH CHaOH CH 3 

Acrolein is a colourless mobile liquid, b.p. 52°, m.p. ~ 87°, D 20 
0*8410. It has an intolerable suffocating odour. It rapidly poly- 
merizes to disacryl. It is soluble in 2-3 parts of water and reduces 
an ammoniacal silver solution with formation of a silver mirror. It 
oxidizes in the air to acrylic acid. Nascent hydrogen reduces it to 
allyl alcohol : it can, however, be reduced eatalytically in the pres- 
ence of nickel to propionic aldehyde and propyl alcohol (Ann. Chim. 
Phys. [8] 4, 399 : Ann. Chim. [9] 15, 203). 

It reacts with sodium bisulphite with the formation of the compound 
NaS 03 -CHa-CHjj-CH( 0 H)-S 08 !N‘a from which the aldehyde cannot be regenerated 
(Ber. 6, 1445 : Ann. 233, 36). When heated for a long time with alcohol, it 
forms j8-ethoxypropionaldehyde acetal, EtO-CH 2 -CH 2 -CH(OEt )2 (Ber. 31, 1014). 
Both these reactions demonstrate the heightened reactivity of the ethylene 
linkage in the proximity of the : CO group. 

Phosphorus pentachloride converts acrolein into dichloropropylenet CHg :• 
CH*CHCl 2 , h.p. 84®. With hydrochloric acid it yields p-chloropropionaldekyde 
(p. 240). With bromine it yields a dibromide, CH 2 *Br*CHBr‘CHO, which becomes 
converted into glyceric aldehyde when heated with Water, and into ajS-dibromo- 
propionic acid upon oxidation with nitric acid. Barium hydroxide solution 
converts it into OL-acrose or dX-Jructose {q.v.) (Ber. 20, 3388). 

When kept for some length of time, acrolein passes into an amorphous, white 
mass {disacryl). On warming the HCl compound of acrolein (see above) with 
alkalis or potassium carbonate ms^roUin, m.p. 45°, is obtained. The vapour 
density of this agrees with the formula (C 8 H 40 ) 3 . 

Ammonia changes acrolein into acrolein-ammonia, 2 C 3 H 4 O + NH 3 = 
CjHjNO H- H 2 O. This is a yellowish mass which on drying becomes brown, 
and forms amorphous salts with acids. It yields picoline, CjHiN'CHa {q.v.), when 
distilled. Hydrazine changes acrolein to pyrazolme, and phenylhydrazine 
converts it mto l-phenylpyxazoline (Ber. 28, R. 69). 

Acrolein acetal, CHg : CH*CH(OC 2 H 5 ) 2 , b.p. 123°, is formed by the action of 
powdered potassium hydroxide on chloropropionaldehyde acetal, w'hich is pre- 
pared from acrolein by means of alcohol and hydrochloric acid (Ber. 31, 1797) (see 
also glyceraldehyde). 

Crotonaldehyde, CHa-CH : CH-CHO, b.p. 104°, D = 1-033 {KekuU, Ann. 
162, 91), is obtained from aldol, formed by the condensation of acetaldehyde 
(p. 390) by heating it with dilute hydrochloric acid, with water and zinc chloride, 
or with a sodium acetatd solution, to 100° (Ber. 14, 514 : 25, R. 732). It is 
most readily prepared by introducing paraldehyde into cooled concentrated 
sulphuric acid (Compt. rend. 147, 1316), 

, Crotonaldehyde is a liquid with an irritating odour ; it becomes oxidized by 
the air to orotonic acid, and it reduces silver oxide (Ber. 29, R. 290). It com- 
bines with hydrochloric acid to form ^-cMorobutyraldehyde (p. 240) ; on standing 
with hydrochloric acid it unites with water and re-forms aldol. Iron and acetic 
acid reduce it to crotonyl alcohol, butyraldehyde and butyl alcohol. It can be 
hydrogenated eatalytically in the presence of platinum, copper or nickel with 
the formation of butyraldehyde and butyl alcohol (Bull. Soe. Chim. [4], 7, 23 : 
9 , 922; Brit. Chem. Abst, 1926, B. 108). 

When the alcoholic solution of acetaldehyde-ammonia is heated to 120°, 
crotoml-ammonia, osoytetraldiiie, CgHigNO, is produced. It is a brown, amor- 
phous mass. When heated it breaks up into water and collidine, CsH 2 N{CH 3 ) 3 , 
a pyridine derivative (Vol. II). 
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Ti^lic aldehyde, Guaiol, CH3CH=C(CH8)*CH0, b.p. 116°, may be obtained 
by the distillation of guaiacol resin, and by the condensation of acetaldehyde and 
propaldehyde. 

M-oi’Methylpentenaldehyde, rnethylethylacrolein, CjHs'CH : C(CH 3 )‘CHO, b.p. 
137°, is produced by the condensation of propionaldehyde (p. 238). 

OL-Propylacrolein, b.p. 117°, isobutylacrolein, b.p. 133°, and amylacrolein, 
b.p. 59°/13 mm., CHg : CR*CHO, are prepared from the respective glycerol 
ethers (method of formation 2, p. 253). 

A^-Hexenaldehyde, CH 3 (CH 2 ) 2 CH : CH-CHO, b.p. 47°/17 mm., is a character- 
istic component of the oil derived from green leaves (Ann. 390, 89 : 404, 93). 

GUronellal and its isomer rhodiirial are olefine aldehydes and geranial or dtral 
belongs to the class of diolefine aldehydes. These will be considered imder the 
olefine terpenes (Vol. II). 


2C, ACETYLENE ALDEHYDES, CnHan-s CHO 

Propiolaldehyde. — Propargylic aldehyde, CH • C-CHO, b.p. 59°, is produced 
when the acetal, CH • C*CH(OC 2 H 5 ) 2 , b.p. 140°, formed from dibromacrolein 
acetal and alcoholic potassium hydroxide, is boiled with dilute sulphuric acid. 
It is a very mobile liquid, which provokes tears. Its silver salt is very explosive. 
Sodium hydroxide at the ordinary temperature decomposes propargylic aldehyde 
instantly into acetylene and sodium formate : CH • C-CHO -f NaOH = CH • CH 
+ NaO-CHO {Claisen, Ber. 31 , 1021). 

Tetrolaldehyde, methylpropiolaldekyde, GHg-CH • CH-CHO, b.p. 107°, is 
obtained from crotonaldehyde dibromide by a similar reaction. Alkalis decom- 
pose it into allylene and allyl formate. Oxime, m.p. 103° : hydrazone, b.p. 64° 
(Ber; 44, 1162 : Ann. Chim. Phys. [8] 28, 433). 

Homologous acetylenic aldehydes or their acetals are obtained from the sodium 
derivatives or magnesium halide derivatives of acetylene by their reaction with 
formic or orthoformic esters (C. 1904, II. 187). 

KCsCNa + HCOOCjHs >■ RC=C— >.RCsC-C!HO. 

RC sCMgl + HC(OCsH 5)3 RC =C-CH(OCjH5)3 > RC sC-OHO. 

Amylpropiolic aldehyde, CgHnCsC-CHO, b.p. 89°/26 mm., acetal, b,p, 
110°/11 mm. and hexylpropriolic aldehyde, CgHisC^C-CHO, b.p. 91°/13inm., 
acetal, b.p. 127°/12 mm., are prepared in this way from oenanthylidene and 
caprylidene, respectively. 

The oximes and hydrazones of these acetylenic aldehydes are very easily 
isomerized, particularly by alkaline reagents, to isoxazole and pyrazole deriv- 
atives. 

CHg-C : C-CH : HOH CHs-C^CH 

0 < 1 

N=CH 

6-Methyl isoxazole. 

CHs-C : C-CH : N-NH^ ^ CHs-C=CH 

HN< j 
N=CH 
5-Methyl pyrazole. 

The propargylaldehyde derivatives are so easily isomerized that the oxime 
and hydrazone cannot be isolated (Ber. 36 , 3665 : C. 1904, II. 187). 

3A. SATURATED KETONES, CnHaaO 

The great similarity between the aldehydes and ketones finds 
expression in their most important methods of formation and in their 
reactions. Two different tods of ketones are known : 

1. Simple ketones, containiag two similar alkyl groups. 

2. Mixed ketones, having two different alkyl groups. 
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Methods of Formation 

(1) Oxidatioa of secondary alcohols, whereby the =CH*OH-group 
is converted into the =CO-group (p. 224). 

(2) By hydrolysis of such derivatives as oximes, hydrazones, semi- 
carbazones, gfem-^halogen compounds, etc., just as aldehydes are 
obtained from their corresponding derivatives. 

(3) By the isomerization of di-tertiary and secondary -tertiary a/J- 
glycols under the influence of hydrochloric or sulphuric acid, with 
loss of water, exactly as glycols containing a primary alcohol group 
are changed into aldehydes. 

R2C(OH)-Cini'-OH >-R2CHC0-R' + HgO. 

The change of di-tertiary glycols, known as pinacols or pinacones, 
into ketones or pinacolins is accompanied by the migration of an 
alkyl group. The simplest of the di-tertiary glycols is tetramethyl- 
ethylene glycol, or pinacone, from which the abstraction of water 
should produce tetramethylethylene oxide. Instead, this substance 
becomes rearranged internally to form the simplest pinacolin, methyl 
feri.-butyl ketone : 


(CH3),C(0H) 


(CH3),C(0H) 
Tetramethylethylene glycol. 
Pinacone. 




(CH3)3G*C0-CH3. 

Methyl Urt. -'butyl ketone : Pinacolin. 


Definite intermediate products such as ethylene oxides cannot be 
isolated in the pinacolin transformation, so that the reaction would 
appear to be a true intramolecular migration (Ann. 396, 200). (Dis- 
cussion of mechanism of pinacol-pinacolin rearrangement, with litera- 
ture, see Annual Reports, 1930, 27, 114.) 

(4) From the sodium salts of the secondary nitroparaffins by 
treatment with acids (Ann. 280, 267). (Compare method 8 for the 
preparation of aldehydes.) 

2(CH3)3C : NOONa. + 2HC1 + NoO h 2NaCl -f H^O. 

The secondary nitroparaffins can also be converted into ketones 
by reducing them with stannous cliloride and strong hydrochloric 
acid, whereby ketoximes are produced and can be hydrolysed to the 
ketone (C. 1899, I. 597), or by oxidation in alkaline solution mth 
potassium permanganate (C. 1914, I. 757). 

(5) By hydrolysis of the ethers of ad-olefine alcohols (i). 158) ; 
(0. 1904, I. 719) : 

dilute 

C5HjiC(OCH,) : CH, CjEn-COGHj + CH*OH. 

H,S04 • 

Nucleus-synthetic Methods of Formation, — (6) By the distillation of 
calcium or barium acetates and their higher homologues. Such a 
salt, when heated alone, yields a simple ketone, but a mixture of 
equimolecular quantities of the salts of two acids results in the 
formation of mixed ketones (p, 225). 

In the formation of ketones with high molecular weight it is best 
to carry out the distillatxon under diminished pressure. Some normal 
fatty acids yield ketones on treatment with (Ber. 26, R. 495). 
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It has been recommended to distd the acids with calcium carbide 
(Ber. 39, 1703). 

The very smooth formation of ketones by leading the vapours of 
fatty acids over heated alumma, manganous oxide, calcium carbonate, 
etc., depends on a similar breakdown of the momentarily-formed fatty 
acid salts (Ann. Chim, Phys. [8] 28, 243 : Compt, rend. 156, 1730 i 
158, 830). Ketones of high molecular weight are also formed by 
distilling the higher fatty acids with iron filings (J.C.S. 99, 22981. 

(7) By the electrolysis of a mixture of the potassium salts of a 
keto-carboxylic and a fatty acid : 

CHgCOicOaK CH3CO 

I 

CH3.CO2K CH3 

CHaGOCHaCHa-COaK CHaCOCHaCHa 

^ 1 

CHaCOaK CH3 

(8) By the action of the zinc alkyls on the acid chlorides (Freund, 
1860). 


The reaction is similar to that occurring in the formation of the tertiary 
alcohols (p. 132). At first the same intermediate product is produced (Ann. 175, 
361 ; 188, 104) : 



CHav /OZnCHa 
\C 


CH. 


\Cl 


which (with a second molecule of the acid chloride) afterwards yields the ketone 
and zinc chloride : 


CHax /OZnCHa 

>C< + CHa-COCl = 2 CH 3 -COCH 3 + ZnCIg. 

CH 3 / \C1 

In many cases, especially in the preparation of the ordinary pinacolin from 
trimethylacetyl chloride and zinc methyl, it is preferable to decompose imme- 
diately the addition product of zinc methyl and acid chloride with water, when 
the zinc hydroxide -will be converted by the hydrochloric acid into zinc chloride : 


CH, 

CH 


X 


OZnCHs 

a 


-h 2 H 20 = CHa-CO-CHs -f Zn{OH )2 -f- HCl + CH*. 


(9) By the action of alkyl magnesium halides, ketones as well as 
aldehydes (mode of formation 10, p. 228) can be prepared, (a) from 
nitriles, and (6) from acid amides (C. 1902, I. 299 ; 1903, II. 1110). 

Rv R\ 

(a) RCsN -f R'Mgl >C=NMgI ^ >C=0 

R'X R'/ 


R\ /OMgl R\ 

(b) RCONHg + 2R'MgI >C< > >C=0. 

R'/ \NmigI R'/ 


Ketones are also obtained by the action of the magnesium alkyl 
halides on acid anhydrides (Bull Soc. Chim. [4] 7, 836) and sodium 
salts of the fatty acids (Ber. 42, 4500). 

(10) By the action of diazomethane (p. 251), the aldehydes can 
be converted into alkyl methyl ketones (Ber. 40, 481) : 

CftHisCOH + CH2N2 = CgHiaCO^CHa + Ng. 


VOL. I, 


S 
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Ethylene oxides are sometimes formed in this reaction. See p. 228. 

(11) By heating ketones with alkyl iodides and potassium hydroxide 
at 100-140°, or better, by the action of sodamide and alkyl iodides 
in presence of ether, the hydrogen atoms attached to the carbon atoms 
adjacent to the CO group can be replaced by alkyl groups (Ann. 
Chim. Phys. [8] 28, 732 : 29, 313 : Ann. 310, 323), e.gr. : 

CHs'CHa-CO^CHj-CHs ^ CHIVXe^-CO-CHMeg ^ CMeg-CO-CMes. 

(12) By the action of anhydrous ferric chloride on the acid chlorides. 
Hydrochloric acid is set free, and chlorides of ^-ketone-carboxylic 
acids are produced. From these water liberates the free ^S-ketone- 
carboxylic acids which readily break down into carbon dioxide and 
ketones ; 


CH 3 CH 3 

FejCl. • HiO • -COa 

2C3H5COCI— ^CjHsCO-CHCOCl — ^CaHsCO-CH-CO^H ^CjjHsCO-CaHs. 

(13) By the oxidation of dialkylacetic acids, and the ix-hydroxy- 
dialkyiacetic acids corresponding with them ; the latter are formed 
as intermediate products in the oxidation of the former compounds, 
e,g . : 


(CH,),CH-COijH — ^ (CHa)8C(OH)-COjH — ^ (CHsjjCO + COj + HjO. 

(14) Ketones are formed by the hydrolysis of ^-ketocarboxylie 
acids by dilute acids (for details, see under acetoacetic ester) : 
CHa-CO-CBR'-COiiH CHs-CO-OHRR' + CO2. 


Acetonedicarboxylic acid and its derivatives break dowm similarly 
(c/. Ber. 42, 3176 : Ann. 398, 242) : 

HOCO-CHg-CO CHg COjiH ^ CH3 CO CH3 -f SCOg. 


Finally, diacylacetic acids break down with formation of a carboxylic 
acid, ketone and CO 2 (C. 1903, I. 225) : 

R'-CO-CH'COgH R'-COOH -}- CH3 COg 

1 > I 

CO-R CO-R 

O 

(15) The glycidic acids of the general type readily 

RR V — CMe’COgH 

break down into CO 2 and alkylene oxides, which undergo isomeriza- 
tion to the ketone (Compt. rend. 141, 766), e,g . : 


Me. 


0 

A 


CMe-COoH 


->• Me- 


A 


!HMe 


> MegCH-CO-Me. 


Ketones are produced in the dry distillation of citric acid, sugar, 
cellulose (wood), and of many other carbon compounds, so that they 
are found in coal and coal-tar (Ber. 36, 254, 2713). 

Nomenclature and Isomerism . — ^The term ketone is derived from 
the simplest and first-discovered ketone — acetone. The names of the 
ketones are obtained by associating the names of the alkyls with the 
word ketone — e.g. dimethyl ketone, methylethyl ketone, etc. 

The “ Geneva names ” are obtained by adding the suffix “ one ” to the name 
of the hydrocarbon : acetone is called [Propanone], and methylethyl ketone 
is [Butanone]. 
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As there is a ketone for every secondary alcohol, the number of 
isomeric ketones of definite carbon content is equal to the number of 
possible secondary alcohols containing the same number of carbon 
atoms. The simple ketones are isomeric with the mixed ketones hav- 
ing a like carbon content. The isomerism of the ketones among 
themselves is dependent upon the homology of the alcohol radicals 
united with the CO-group. The saturated ketones are isomeric with 
the saturated aldehydes, the olefinic alcohols and the ethylene oxides. 


Fro^erties and Reactions. 


The ketones are neutral bodies. The lower members of the series 
are volatile, ethereal-smelling liquids, whilst the higher members are 
solids. 

(1) Ketones differ chiefly from aldehydes in their behaviour when 
oxidized. They are not capable of reducing an alkaline silver solution, 
and are not so easily oxidized as the aldehydes. 

When the more powerful oxidants are employed, the ketones almost 
invariably break down at the union with the CO-group : carboxylic 
acids are produced, and in some cases ketones with a lower carbon 
content : 


CHg CO-CHg > CHs-COaH and H-CO^H > COg + H^O 

CgHs-CO-CgHs > CgHs-COjH and CHs-COaH. 

In the case of mixed ketones, when both alcohol radicals are primary in 
character, the CO-group does not remain exclusively with the lower alcohol 
radical, but the reaction proceeds in both possible directions, e.g. i 


PTT PTT rn PTT PTT OTT ^ CHs-COgH and COgH-CHgCHgCHg 
CH,CH, CO CH,CH,CH.-^ 2CH.CH. CO.H 


When a secondary alcohol radical is present it splits oS as ketone, and is 
then further oxidized, whilst with a tertiary alcohol radical the CO-group remains 
combined as carboxyl. 

The direction in which the oxidation proceeds is dependent less upon the 
oxidizing agent than upon the oxidation temperature (Ann. 161 , 285 : 186, 257 : 
Ber. 15, 1194! 17, R. 315 ; 18, 2266, R. 178: 25, R. 121). 

It is remarkable that pinacolin (p. 265) is successfully oxidized by potassium 
permanganate to the corresponding a-ketone-carboxylic acid with the same 
niimber of carbon atoms : trimethylp 3 rruvic acid : 

30 

{CH3)3C*C0-CH3 > (CH 3 ) 3 C-C 0 ‘C 03 H. 

Pinacolin. Trlmethylpymvic acid. 

Hydrogen peroxide changes acetone into a peroxide (p. 265) which breaks 
up into aeetol, CH3COCH2OH, and pyruvic acid, CHgCO'COOH (C. 1905, II, 
212 ). 

(2) Concentrated nitric acid converts the ketones in part into 
dinitroparaffins (p. 185) : 

{C2H3)3C0 CH3CH(N03)3 

{CH3CH2CH3)aCO CH3-CH3CH(N02)2 

a-Diketones may be formed at the same time if the ketone be suitably con- 
stituted, e.g. isopropyl isobutyl ketone (C. 1900, II. 124). 


(3) Amyl nitrite, in* the presence of sodium ethoxide or hydro- 
chloric acid, converts the ketones into taonitroso-ketones : 


CHj-COCHs 

CHaCO^CHj-CH, 




> CH8*C0*CH(N0H) 

> CH3 CO-C(NOH)*CH3. 
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The wnitroso-ketones will be considered later as monoximes of 
a-keto-aldehydes, or a-diketones. 

(4) Ketones, containing the carbonyl group next to a methyl or 
methylene group, are acted on by nitric oxide in presence of sodium 
ethoxide, and form the sodium salt of di-isonitramino-ketones. These 
are decomposed by water into a carboxylic acid and the sodium salt 
of a di-wnitraminoolefine (p. 184 ; Ann. 300, 95) : 


CH, 


“'yx)- 


CH/ 2C,H.ONa 


4X0 /NgOgNa HgO yNgOgNa 

>CH8C0-CH< ^^CHsCOOH + ^ 






Ketones containing the group CHs-CO* yield iodoform (p. 291) 
when treated with iodine and an alkali hydroxide. 

(5) The hexaalkylacetones are decomposed when heated with 
sodamide in benzene solution with sodamide into trialkylacetamides 
and trialkylmethanes (Compt. rend. 150, 661) : 

MeaC-CO-CMeg y Meg-CONHg + CHMeg. 


(6) By the action of carbon bisulphide and alkali hydroxides on 
ketones of the type R-CHg-CO-CHgR, orange-red coloured acids, 
probably of the following general formula, are produced (Ber. 38, 
2888) : 



A large number of the addition reactions shown by ketones are 
due, as in the case of the aldehydes, to addition at the C : 0 double 
bond. The first-formed addition product frequently loses water with 
formation of an unsaturated compound. 

(*7) Beduciion , — By the action of nascent hydrogen (from sodium 
amalgam or electrolytic hydrogen (C. 1900, II. 795)) or catalyticaUy 
in the presence of platinum or nickel (C. 1912, I., 1273 : 1914, I., 
1993) ketones are reduced to the secondary alcohol from which they 
are produced by oxidation. Ditertiary glycols, the so-called pina- 
cones, are simultaneously produced : 


K-CO-R' + 2H ^ R-CH(OH)-R' 

R-C(OH)-R' 

2R-CO-R' -f 2H > i 

R-C(OH)-R'. 


(8) The CO group in mixed aliphatic-aromatic and wholly aromatic 
ketones can be reduced to CH 2 by boiling with amalgamated zinc 
and concentrated hydrochloric acid {Clemmensen, Ber. 46, 1837). 
Paraffins can be obtained from ketones by heating their hydrazones 
with sodium ethylate, nitrogen being expelled (Ann. 394, 86). 

(9) The ketone derivatives R 2 C(OR') 2 > corresponding with the 
acetals (p. 266), are produced when the /J-dialkoxycarboxylic acids, 
RC(0C2H6)2CH2C02H, lose CO 2 . They are prepared by the inter- 
action of ketones and orthoformic ester ; or in general from imido- 
ether hydrochlorides and alcohols {Claisen^ Ber. 31, 1010 : Ber. 40, 
3021), 

(10) The ketones resemble the aldehydes in their behaviour with 
hydrogen sulphide and mercaptans in presence of hydrochloric acid. 
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The products are the polymeric thioketones (p. 266) and the mer- 
captoles, RR'C(SR ")2 (P- 267). 

(11) ^ Only such ketones as contain a methyl group form addition 
compounds with sodium bisulphite, and on the analogy of the alde- 
hyde bisulphites (p. 266) these compounds are to be regarded as the 
sodium salts of hydroxysulphonic acids : 

R-COMe -f NaHSOa ^ RMeC( 0 H)*S 03 Na. 

(12) Ammonia reacts with ketones differently from its reaction 
with aldehydes. The “ ketone-ammonias ’’ are not formed, but con- 
densation products from more than one molecule of ketone are pro- 
duced. Thus, from acetone and ammonia, diacetoneamine, and tri- 
acetoneamine are produced. These are discussed fully on p. 274 
(see Ber. 42, 3298). 

(13) Ketones react with hydroxylamine, hydrazine, phenylhydra- 
zine and semicarbazide with the formation of oximes (p. 267), hydra- 
zones and azines (p. 268) phenylhydrazones (p. 269) and semicarbazones 
(p. 269). 

(14) Phosphorus pentachloride, phosphorus trichloro-dibromide, 
and phosphorus pentabromide replace the oxygen of the ketones by 
two chlorine or two bromine atoms. 

This reaction can be employed for the preparation of dichloro- or 
dibromoparaffins in which an intermediate C-atom carries the two 
halogen atoms. As these ketone chlorides readily exchange their 
chlorine for hydrogen, they constitute a means of converting the 
ketones into the corresponding parafBins (p. 95). 

Halogenolefines formed by the loss of halogen acid accompany 
the dihalogenparaffins. Halogen-ketones are also formed by dbreot 
substitution (C. 1913, I. 1004). 

(15) The hydrogen atoms of the alkyl groups present in the ketones 
can be replaced by chlorine and bromine. 

(16) Boiling with acid chlorides, especially benzoyl chloride, con- 
verts many ketones into esters of the tautomeric ocjS-olefine alcohols 
(p. 150), RC{0'C0CeH5) ; CHR'. v 

(17) Paraffin ketones, unlike the lower members of the aldehyde 
series, do not form polymeric modifications. 

Nuclear Synthetic Beuctions, 

The action of ammoma on acetone and the formation of pinacones 
by reduction of ketones which have already been mentioned are 
examples of this tji^ of reaction. The following reactions are more 
important. 

(18) Just as two aldehyde molecules can condense to aldois, so 
two molecules of acetone condense in the presence of cold concen- 
trated sodium hydroxide to diacetonealcohol (q,v,) : 

ZCHs-CO-CHa ^ (CK5)gC(OH)-CHs-CO*CHs. 

Similarly aldehyde or chloral will unite with acetone, forming 
hydracetylaeetone and trichlorohydracetylacetone {q-v.) : 

+ CH.-CO.CH, = 
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Acetone also condenses with other aldehydes, — e.g. benzaldehyde. 
But it is impossible to obtain the ketone-alcohols which form at first. 
There is a loss of water, and unsaturated derivatives are produced, 
just as in the condensation of two molecules of aldehyde to form 
crotonaldehyde. Thus, two molecules of acetone, in the presence of 
ZnClg, HCl, or H 2 SO 4 , unite directly, with the elimination of water, 
to form mesityl oxide (p. 273), which in turn condenses with a third 
molecule of acetone to form phorone (p. 273). 

(CH,)jCO + CHjCO-CHj = ^|»>C=CH-COCHa + HjO. 

Mesityl oxide. 

^ga>C=OHCO-CH, + CO(CH3 )s, = ^3>C=CH-CO-CH=C<^g» + HjO. 

Phorone. 

(19) Acetone and other ketones, having a suitable constitution, 
change into symmetrical trialkylbenzenes, under the influence of con- 
centrated sulphuric acid, probably with intermediate formation of 
alkyl acetylenes (p. 111). Acetone yields mesitylene : 


CH3 

CHa 

/CHa 

H,SOi 

onri 

( \ 

/CH=C< 


V .. / 

^ Nch-cA 

CH3 

CH 

^CHa 

Acetone. 

Allylene. 

Mesitylene. 


(20) Acetone condenses, in presence of lime or sodium ethylate, 
to isophoronej a trimethylci/cfohexenone (q.v,). Higher condensation 
products, the so-oaUed xylitones, are also formed. 

( 21 ) With the alkyl magnesium halides ketones form addition prod- 
ucts which form tertiary alcohols when decomposed with water (see 
p. 133). Ketones do not, in general, react with the zinc alkyls, but 
tertiary alcohols are obtained by the simultaneous action of zinc and 
alkyl iodides on ketones. 

(22) Ketones combine with chloroacetio ester and a-chloropro- 
pionic ester in the presence of sodium ethoxide or sodamide to form 
glycidic esters (C. 1905, I. 346 : 1906, I. 22 : Ber. 38, 699). 

/ 0 \ 

{CB.^)^CO CHaCl-COgEt > {^ 3)30 CH-COjEt. 

(23) Ketones also unite with hydrogen cyanide to form “ cyano- 
hydrins,” which will be described later as the nitriles of a-hy^oxy 
acids. The cyanohydrins are converted into the hydroxy acids by 
hydrolysis with hydrochloric acid : 

K 2 CO + HOIST > B2C(0H)-CN > R2C(0H)-C02H. 

The ketones also combine with ammonium cyanide to form a-amino 
acid nitriles : these can also be obtained from the cyanohydrins by 
the action of ammonia. 

(24) Acetone, in the presence of sodium hydroxide, combines with 
chloroform, yielding trichloro-ieri. -butyl alcohol, which is a derivative 
of a-hydroxyi 5 abut 3 ?Tic acid ; the latter can be obtained from it : 

(CH3)3C0 -25^ j. (CH,)3C<g°»® 

TrichlorQ-icrt.*butyl alcohol. a-HydroxytVobotyiic acid. 
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(25) Ketones can be alkylated by the use of sodamide and alkyl 
iodides (see p. 258, method (11)). 

Metal ketyls, see VoL II. 

Acetone, Dimethyl ketone [Propanone], CHa'CO’OHs, is isomeric 
with propionaldehyde, propylene oxide, trimethylene oxide, and allyl 
alcohol. It occurs in small quantities in the blood and normal urine, 
whilst in the urine of those suffering from diabetes it is present in 
considerable amount, due to the breaking down of the acetoacetic 
acid formed at first. It is also produced in the dry distillation of 
tartaric acid, citric acid (q.v.), sugar, cellulose (wood), and is, there- 
fore, found in crude wood spirit (p. 136). Technically it is prepared 
by the distillation of calcium acetate, or from crude wood spirit. 
More recently it has been obtained on a technical scale by the fer- 
mentation of starch and sugar-containing materials by suitable bac- 
teria {Bacillus Macerans, Bacterium acetoethylicum) (Chem. Ztg. 1926, 
257). 

It is also formed by the usual methods : by the oxidation of isopropyl alcohol, 
isobutyric acid, and a-hydroxyisobutyrie acid; by heating jg^-dichioro- and 
-dibromopropane, CH3CX2CH3, with water to 160-180° ; and jS-chloro- and 
j5-bromopropylene, CH3CX=CH2, with water at 200°. The alcohol, CHg-C- 
(OH) : CHa, ^st formed undergoes isomerization to acetone. Acetone is similarly 
formed from allylene, CHg-C : CH, by action of sulphuric acid or HgBrg in the 
presence of water (p, 112). 

It results, further, in the action of zinc methyl on acetyl chloride ; and, 
accompanied by diacetyl, by the electrolysis of a solution of pyroracemic acid and 
potassium acetate (Ber. 33, 650). Acetone is also formed from a-bromoiaobutyrio 
amide by bromine and alkali (C. 1905, I. 1219) : 

2XOH 

(OH3)2CBr-CONHBr (CH3)2CO -f KHs -f 2KBr -h COg. 

(See also the general methods of formation of the ketones, pp. 256-258.) 

Acetone is a mobile, peculiar-smelling liquid, b.p. 56*5®, m.p. — 94®, 
Dao 0-7920. It is miscible with water, alcohol, and ether. Calcium 
chloride, or potassium carbonate, throws it out from its aqueous 
solution. 

It is an excellent solvent for many carbon compounds, and for 
many inorganic salts such as potassium permanganate, etc. (Ber. 37, 
4328). Its most important reactions, such as its behaviour on reduc- 
tion, its reactions with amyl nitrite, bisulphites, ammonia, hydroxyl- 
amine, phenylhydrazine, etc., have been described under the general 
reactions of the ketones. The sodium derivative of ^-allyl alcohol, 
CH 3 *C(ONa) : CHg, appears to be formed by the action of sodium 
(Ann. 278, 116). 

By passing acetone vapour, diluted with nitrogen, through a tube 
at a dark-red heat, methane and keten are formed (Ber. 43, 2821. 
See p. 270) : 

CH^-CO'CHs ► CH* -h CHa : CO. 

Detection and Estimation of Acetone . — Acetone is most readily detected by 
the iodoform reaction, iodoform being readily produced by the action of iodine 
and a weak alkali on acetone (see p. 291). Acetone can be quantitatively deter- 
mined by means of mercuric sulphate (Ber, 32, 986) ; also by heating it with 
mercuric acetate, whereby acetone-mercury substitution compoxmds are produced 
(Ber. 36, 3699). Mercuric oxide dissolves in a weakly alkaline aqueous solution 
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of acetone, forming the compound 2C8HeO*3HgO which by boiling with alkalis 
changes to the insoluble acetone meroarbide, CHgCOCHggOaH (Ber. 38, 2677). 

Other reactions for the detection of acetone, see Ber. 17, R. 503 : 18,R. 195 : 
Ann. 223, 143 : Atti. R. Accad. Lincei. [5] 22, I. 376. 

Acetone is used for the manufacture of sulphonal (p. 267), chloro- 
form (p. 290) and iodoform (p. 291). During the war it was largely 
used for the manufacture of i?oprene (Merling. Z. angew. Chem. 34, 
403). 

Homologues of Acetone. — (a) Simple ketones are usually prepared by the 
distillation of the calcium or barium salts of the corresponding fatty acids. 


Name. 


Diethyl ketone, Propione 

Di- 7 i -propyl ketone, Butyrone . 
Di-iaopropyl ketone, Tetramethylacetone 
Di--isobutyl ketone, iscValerone . 

n -Caprone 

Tetraethylacetone 

CEnanthone 

Caprylone 

Caprinone 

Laurone 

Myristone 

Palmitone 

Stearone 


Formula. 

M.P. 

B.P. 

COCCaHj)^ 



103° 

CO(C3H,)s 

— 

144° 

CO[CH(CH,)Js 

— 

124° 

CO[CHjCH(CH3)J5 

— 

165° 

CO(C,H„), 

14*6° 

226° 

CO[CH(CjHe)al2 

— 

203° 

CO(C,Hi3), 

,30° 

263° 

C0(C,H„)3 

40° 

— 

CO(CaH„)3 

48° 

— 

CO(C,iH33)3 

69° 

— 


76° 

— 

CO(C.5H3i)3 

83° 

— 

CO(C„H35)i, 

88° 

— 


Diethyl ketone is produced from carbon monoxide and potassium ethyl (p. 223). 
Tetramethyl- and tetraethylacetone have been obtained as decomposition prod- 
ucts of pentamethyl- and pentaethyl-phloroglucinol, when these bodies were 
oxidized by air (Ber, 25, R. 504). 

( 6 ) Mixed Ketones . — ^The majority of these compounds have been prepared 
by the distillation of a mixture of barium acetate with the barium salt of another 
fatty acid. Many have also been prepared by the useful reaction between acid 
chlorides and alkyl zinc iodides (Bull. Soc. Chim. [4], 9, 1) : 

R-CO-Cl + R'ZnI > R-CO-R' -f ZnClI. 


Name. 

Formula. 

M.P. 

B.P.* 

Methyl ethyl ketone 

CHaCOOjHj 


81° 

Methyl propyl ketone 

CH 3 COC 3 H 7 

— 

102 ° 

Methyl isopropyl ketone .... 

CH 3 ’C 0 -CH(CH 3)3 

— 

96° 

Methyl fiec.-butyl ketone .... 

CHa-CO'CHaCHlCHa)^ 

— 

116° 

Pinacolin, Methyl icri.-butyl ketone . 

CH3*CO-C(CHs)3 

— 

106° 

Methyl hexyl ketone ..... 

CHa-CO-CeHia 



171° 

Methyl heptyl ketone ..... 

CHaCO-C^His 

- 15° 

193° 

Methyl nonyl ketone 

CHa-CO-CjHia 

-f 15° 

225° 

Methyl deeyl ketone 

■ CHs-CO'CioHai 

21 ° 

247° 

Methyl undecyl ketone .... 

; CHa-COA Aa 

28° 

263° 

Methyl dodecyl ketone .... 

1 CHa-CO-CiaHaa 

34° 

(207°) 

Methyl tridecyl ketone , , , , 

CHa-CO-C«Ha, 

39° 

(224°) 

Methyl tetradecyl ketone .... 

CHa-CO-CuHaa 

43° 

(231°) 

Methyl pentadecyl ketone . . . . i 

GHa-CO-CiaHai 

48° 

(244°) 

Methyl hexadecyl ketone .... 

CHa-CO-CieHaa 

52° 

(252°) 

Methyl heptadeoyl ketone 

CHa-CO*C„H85 

55° 

(265°) 


• Boittng points in parentheses determined at 100 min. 
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Methyl ethyl ketotic occurs in crude wood spirit. 

Methyl isopropyl ketone is formed by several reactions involving the migration 
of a methyl group. Thus it is formed by the action of strong sulphuric acid on 
trimethyllactic acid, CMea-CHOH-COgH (Ber. 25, K. 905), from ier^.-butyl- 
carbinol, CMeg-CHgOH, along with trimethylacetaldehyde by oxidation with 
chromic acid (Ann. 351, 260) and from jSjS-dimethyltrimethylene glycol, CMe-- 
(CHaOH)2, by dehydration (C. 1900, II. 32). 

Methyl sec.-bviyl ketone is obtained from methacrylic esters, CHg : CMe*C02Et 
and two molecules of magnesium methyl iodide. (C. 1907, I. 659). 

Pinacolin is obtained by the withdrawal of water from pinaconef tetramethyl- 
ethylene glycol, (CH3)2C(OH)-C(OH)(CH3)2, and from trimethylacetyl chloride 
and zinc methyl (p. 257). When oxidized with chromic acid, it breaks down 
into trimethylacetic and formic acid. Potassium permanganate converts it into 
trimethylpyroracemic acid {q.v,). It is converted by methyl iodide and sodamide 
into ethyl tert.-ftwiy^ ketone, CMea'CO-CHjMe, b.p. 125°, isopropyl toTt. ‘butyl ketone 
(pentamethylacetone), CMea'CO-CHMej, b.p. 134°, and di^tevi^^butyl ketotie, 
CMeg’CO'CMea (pivalone), b.p. 150° (Compt. rend. 150, 582), Beduction yields 
pinacolyl alcohol (p. 149) : for further reactions, see C. 1906, II. 496. 

HomohyotiS pinacolins are obtained from other polysubstituted glycols. 
Thus, methyl tort. ‘amyl ketone, CMegEt-CO-Me, b.p. 130*6°, is obtained from 
the glycol CMegOH-CMeEtOH, and ethyl tert.-amyl ketone, CMejEt'CO'Et, b.p. 
151°, from the two glycols CMeEtOH*CMeEtOH and CMegOH-CEtaOH (Ami. 
396, 208), 

Methyl nonyl ketone is the chief constituent of oil of rue (from Ruta grave- 
olena), from which it may be extracted by shaking with concentrated sodium 
bisulphite solution (C. 1902, I. 744). Methyl heptyl ketone occurs in the same 
oil (C. 1901, I. 1006 ; 1903, I. 29 ; Ber. 35, 3587). 

Acetone Peroxides. — Two cyclic acetone peroxides are known, cyclo. 

Diacetone peroxide, ^ prepared by the action 

of HgSOg (Caro’s acid) on acetone (Ber. 33, 858). oyolo-Triacetone peroxide, 
(CgH 302)3, m.p. 97°, is obtained from acetone and hydrogen peroxide, with 
special ease when in the presence of hydrochloric acid. It is insoluble in water, 
but soluble in benzene and in ether. It forms beautiful crystals, and explodes 
when struck or suddenly heated (Ber. 28, 2265). Methyl ethyl ketone and 
H2SO5 produce methyl ethyl ketone peroxide, (€411802)2, a colourless oil, which 
explodes above 100° (C. 1907, L 944). 


1. HALOGEN SUBSTITUTION PRODUCTS OF THE KETONES 

Monochloroacetone, CHa'CO’CHaCl, b.p. 119°, is obtained when chlorine is 
conducted into cold acetone (Ann, 279, 313), preferably in the presence of marble 
(Ber* 26, 697) ; also by the electrolysis of a mixture of acetone and hydrochloric 
acid (C. 1902, I. 101). Its vapours provoke tears. Oxime, b.p. 71°/9 mm. 

as- or oi-DichloToacetone, CHa’CO-CHClg, b.p. 120°, is fbrmed on treating 
warmed acetone with chlorine, and is also obtained from dichloroacetoacetic 
ester (Ber. 15, 1165). sym.- or p-Dichloroacetone, C1CH2*C0*CH2C1, m.p. 45°, 
b.p. 172-174°, is obtained by the chlorination of acetone and in the oxidation of 
a-dichlorohydrin, CH2C1*CH(0H)*CH2C1 (?.t?.), with potassium dichromate and 
sulphuric acid. 

sym,‘Tetrachloroaceione, CHCla'CO-CHCla 4* ^HgO, m.p. 48-49°, is obtained 
by the action of potassium chlorate and hydrochloric acid on chloroanilic acid 
(Ber. 21, 318) and triaminophenol (Ber. 22, R. 666) ; or of chlorine on phloro- 
glucinol (Ber. 22, 1478). unsym.-Tetrachloroacetone, CUfibCO^COl^t b.p. 183°, 
is produced by the action of chlorine on -iaopropyi alcohol (C. 1897, I. 28). 

Pentachloroacetone, CHCla-CO-CCls, b.p. 193°, is obtained from chlorine and 
acetone (Ann. 279, 317). 

Monobromoacetone, CHgEr CO'CHg, b.p. 31°/8 mm. (Ber. 29, 1555 : 31, 
2684). Oxime, m.p. 30°. Pentahromoacetone, m.p. 74°, is produced from acetone 
dicarboxylic acid and bromine (C. 1899, 1. 696). Perhromoacetone, CBrg'CO-CBra, 
m.p. 110-111°, is obtained from triaminophenol (Ber. 10, 1147), and bromoanilic 
acid (Ber. 20, 2040 ; 21, 2441) by means of bromine and water. 

lodoacetone, CH3 CO CH2I, b.p. 68°/ll mm., is produced when potassium 
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iodide in an aqueous methyl alcohol solution acts on monochloroacetone (Ber. 
29, 1557). It is a heavy oil with an intolerable pungent odour. Oximes m.p. 64°. 

p’Di-iodoacetonCy CHgl-CO-CHal, results when iodine chloride acts on acetone. 

Methyl ^-chloroisobutyl hetonCy (CH3)2*CC1‘CH2*C0*CH3> and di-P-chloroiso- 
butyl ketone, (CH3)2CC1-CH2*C0*CH2CC1(CH3)2, are the readily decomposable 
addition products of mesityl oxide and phorone with hydrochloric acid. 

Methyl oo-bromobutyl ketone, CH2Br(CH2)3’CO*Me, b.p. 216°, is obtained from 
hydrobromic acid and acetobutyl alcohol. 

yy'-Dibromoketones are prepared from the oxetones (cyclic anhydrides of 
the yy '-dihydroxy ketones, q.v. ) by the action of hydrobromic acid, e.g. yy-dibromo- 
butyl ketone, (CH3CHBr*CH2*CH2 )aCO, is formed from dimethyl oxetone and 2HBr, 
or by the addition of 2HBr to diallyl acetone (p. 276). aa-Dichloroketones are 
discussed with the diketones. 

2. KETONE ACETALS 

The ketones may be regarded as the anhydrides of hypothetical glycols, which 
bear the same relation to the ketones that the orthocarboxylie acids do to the 
carboxylic acids. In this sense it is then permissible to speak of ortho -ketones. 
Their alkyl ethers, corresponding with the acetals, are produced by heating the 
jS-diethoxy-earboxylic acids, and also from acetone by means of orthoformic 
ester (Glaisen, Ber. 31, 1010) : 

CH3-C(0C2H3)2CH2-C02H ^ CH3*C(0C2H5)2-CH3 + CO 2 

CHj-CO-CHa + HC(OC2 Hs)3 CH3-C(OC2H3)2CH3 HCO 2 C 2 H 5 . 

Acetone dimethyl acetal-^ (CH3)2C(OCH3)2, b.p. 83°. Acetone diethyl acetal, b.p. 
114°, is a liquid with an odour resembling that of camphec.^ These substances 
are stable when pure, but water or a trace of mineral acid causes them to break 
down into ketones and alcohols. 

The ortho-esters of higher acids react on ketones like the first member, and 
the same may be said of the imido-ether hydrochloride and alcohol mixture. 
Methyl ethyl ketone diethyl acetal, b.p. 120° ; diethyl ketone diethyl acetal, b.p. 
154° ; dipropyl ketone diethyl acetal, b.p. 70°/12 mm., are prepared from acetimido- 
ether hydrochloride or phenyl acetimido-ether hydrochloride and alcohol (Ber. 
40 , 3020). 


3. KETONE HALIDES 

These are produced, as mentioned on p. 261, by the action of PCI 5, PGlgBrg, 
and PBrj upon ketones. They easily give up halogen acid by the action of alkalis, 
forming halogen-olefines (p. 122), which in turn yield acetylene. 

Acetone chloride, P^-Dichhropropane, CHg-CClg-CHa, b.p. 70°; = 1*827. 

^^’Dibrormpropane, b.p. 114° ; Dq = 1*8149. ^^-Dichlorohutane, CHg-CClg'CgHg, 
b.p. 96°. p^-Dibromobutane, b.p. 144°. pp-JDichloro-yy-dimethylbutane, CH3- 
CCl2*C{CH3)3, is produced from pinacolin by PCI5 (comp. C. 1906, II. 496). 
Heptachloropropane, CHClg'CClg-CClg, m.p. 30°, b.p. 150°, is obtained from 
pentachloroaceton© (Ann. 297, 314), 

4. KETONE BISULPHITES AND SULPHOXYLATES 

The addition compounds, which ketones containing a methyl group form 
with jalkali bisulphites, comparably with the aldehydes, are probably salts of 
hydroxysulphonic acids (see p. 244) : 

RR'*C{OH)S 03 Na. 

With alkali cyanides they yield hydroxy-acid nitriles (C. 1903, 1. 1244). Reduc- 
tion produces ketone sulphoxylates, (OH3)2C(OH)*OSON'a, which are also formed, 
together with bisulphites, from ketones and hydrosulphites (C. 1907, I. 855 : 
1909, I. 1208: Ber. 59, 2341). 

5. SULPHUR DERIVATIVES OF THE SATURATED KETONES 

A. Thioketones and their Sulphones.— When hydrogen sulphide acts on 
a cold mixture of acetone and concentrated hydrochloric acid, the first product 
is a volatile body with an exceedingly disagreeable odour which spreads with 
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great rapidity. It is probably thioacetone, which has not been further in- 
vestigated. The final product of the reaction is — 

.S-C(CH3)2 

Trithioacetone, (CHgjjjCY , m.p. 24°, b.p. 130°/13 mm. 

CCCHg)^ 

Potassium permanganate oxidizes it to the trisulpJione, [(CH3)2CS02]3, m.p. 
302°. When distilled at the ordinary pressure it is converted into dithio- 

acetone^ (CH3)2C<^g^C(CH3)2, b.p. 183-185°. This is also formed in the action 

of phosphorus trisulphide on acetone. It is converted, by oxidation, into the 
disulphonef [{CHglaCSOgJgj m.p. 220-225°. 

Methyl ethyl ketone behaves similarly (C. 1903, II. 281). 

B. Mercaptoles and their Sulphones. — Although the ketone derivatives 
corresponding with the acetals cannot be derived from ketones and alcohols by 
the withdrawal of water, it is possible to obtain the mercaptoles — ^the ketone 
derivatives corresponding with the mercaptals — ^in this manner ; but best, how- 
ever, by the action of hydrochloric acid on ketones and mercaptans : 

HCl 

(CH3)2C0 + 2C3H5SH (CH3)2C(SC2H5)2 + HgO. 

Like the mercaptals, they are liquids with unpleasant odour. 

Acetone ethyl mercaptole, (€113)20(802115)2, b.p. 190-191°, may be prepared 
from mercaptan. However, to avoid the intolerable odour of the latter, sodium 
ethyl thiosulphate and hydrochloric acid are used (p. 176). It combines with 
methyl iodide (Ber. 19, 1787: 22, 2592). By this means, from a series of 
simple and mixed ketones, corresponding mercaptoles have been made, and in 
nearly all instances they have been oxidized to the corresponding sulphones, 
some of which possess medicinal value. 

Sulphonal, Acetone diethyl sulphone, (CHa)a0(SO2C2H5)2, m.p. 126°, was 
discovered by Baumann, and was introduced into medicine, as a very active 
sleep-producing agent, by Kast in 1888. It is prepared by oxidation of acetone 
mercaptole with potassium permanganate : 

40 

(CH3)2-C(SC2H5)2 >• (CH3)2-C(S02C2H5)2. 

It is also formed by the action of sodium hydroxide and methyl iodide (Ann. 
253, 147) on ethylidene diethyl sulphone (p. 247) ; 

NaOH CH,I 

CH30H(S02C2H5)2 > CH3*0Na(SO2C2H5)2 ^ (OH3)2C(S0202H5)2. 

OH 

Trional, Methyl ethyl ketone diethyl sulphone, q jj®^C(S 02C2H5)2, m.p. 75° ; 

tetronal, pentane-yy-diethyl sulphone, (C2H5)2C(S02C2H5)2, m.p. 85°; pentane^ 
yy-dimethyl sulphone, (C2H5)2C(S02CH3)2, m.p. 132-133°, and other “ sulphonals,"^ 
are prepared similarly to sulphonal, and act in like manner. However, acetone 
dimethyl sulphone, (CHs) 2C(S02CH8)2, not containing an ethyl group, no longer 
acts like sulphonal as a soporific. 

6. NITROGEN DERIVATIVES OF THE KETONES 

A. Nitro Compounds. — The psewdonitroles, RR'C(N0)*N02» and gcm.- 
dinitro compounds, RR'0(N02)2, have already been discussed (p. 184). 

B. The compounds which acetone forms with ammonia, diacetoneamine and 
triacetoneamine, are discussed in detail later (p. 274). From some of the higher 
ketones, ammonia produces products of the type RR'C(N : CRRO2 from which 
the original ketone can be easily regenerated (0. 1905, II. 540 : 1907, I. 810). 

C. Hydroxylamine Derivatives. — ^Ketoximes (F. Meyer), In 
general, the ketoximes are formed with greater difficulty than the 
aldoximes (Ber. 39, 1452 : C. 1905, I. 1219). It is usually best to 
apply the hydroxylamine in a strongly alkaline solution (Ber. 22, 
605 ; Ann. 241, 187 : C. 1908, 1. 937). They are also produced when 
the ^8e«^d<?nitroles are reduced by free hydroxylamine or potassium 
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hydrosuiphide (Ber. 28, 1367 : 29, 87, 98), or by the reduction of 
secondary nitroparaffins by stannous chloride and HCl. 

They are very similar in properties to the aldoximes. Acids 
resolve them into their components, whilst sodium amalgam and 
acetic acid convert them into primary amines (p. 190). They are 
characteristically distinguished from the aldoximes by their behaviour 
towards acid chlorides or acetic anhydride, yielding in part acid esters ; 
and by their conversion by the same reagents, as well as by HCl or 
H 2 SO 4 in glacial acetic acid, into acid amides (Bechnann transforyna- 
tion, Ber. 20, 506, 2580 : comp, also Ber. 24, 4018 : Ann. 312, 172, 
note). 

^ CHjCO-NHCHjCH-CH,. 

Methyl propyl ketoxime. Acetopropylaniido. 

The mechanism of the Beckmann transformation has been largely 
studied by Meisenheimer, particularly in comiection with the aromatic 
and mixed aliphatic-aromatic ketones (Ann. 446, 205). He has shown 
that, contrary to the previously accepted mechanism, the alkyl group 
which stands anti- to the OH group migrates to the nitrogen ; 

0 : C— B' B— C : O 

jj >- I (and not >■ 1 ). 

NOH B— NH HNB' 

Nitrogen tetroxide converts the ketoximes into paeudonitroUs (p. 184), 
Chlorine and sodium hydroxide or bromine and pyridine produce chloro- and 
bromo-nitrosoparafims (p. 182). 

Ketoximes combine with hydrocyanic acid to form nitriles of a-hydroxylamino- 
carboxylio acids (Ber. 29, 62). 

Acetoxime, (CH 3 ) 2 C : NOH, m.p. 69-60°, b.p. 135°, smells like chloral. It 
dissolves readily in water, alcohol, and ether, from which it crystallizes well 
(Ber. 20, 1505 : 39, 876). 

The hydroxyl hydrogen present in acetoxime may be replaced by acid radicals 
through the agency of acid chlorides or anhydrides (Ber. 24, 3537). 

Methyl ethyl ketoxime, b.p. 152°. Methyl n-propyl ketoxime, b.p. 168° (C. 1898, 
II. 474), is an oil with an agreeable odour. Methyl isopropyl ketoxime, b.p. 157°* 
Methyl n~butyl hetoosime, b.p. 185°. Methyl text.-butyl ketoxime (Pinacolin oxime), 
m.p. 76°, reacting with PCI5 produces aceto-ierf.-butyiamine. Nitrogen tetroxide 
does not produce a psewdonitrole, but a nitrimine, C(CH 3 )a*C(CH 8 ) : N’NOjjOr 
the tautomer C(CH 3 ) 3 C( : CH 2 )*N ; NOOH. (Comp, mesityl nitrimine, p. 275, 
and Ann. 338, 1.) 

Xi-Butyrone oxime, b.p. 193°. isoButyrone oxime, m.p. 6-8°, b.p. 181-186°. 
Methyl nonyl ketoxime, ni.p. 42°, under the influence of concentrated sulphuric 
acid, forms considerable quantities of caprio methylamide, CaHjgCONHCHj, 
together with acetononylamide (Ber. 35, 3592). Capryl ketoxime, m.p. 20®, 
Nonyl ketoxime, m.p. 12°. Lauryl ketoxime, (CiiH 23 )jC ; N*OH, m.p. 39°. 
Myristyl ketoxime, (Ci 3 Ha 7 ) 2 C : N-OH, m.p. 51°. Palmityl ketoxime, (C, .HaOaC i- 
N»OH, m.p. 69°. Stearyl ketoxime, : N'OH, m.p. 62°. 

D. Hydrazine Derivatives. — ^The first product of excess of hydra- 
zine in the cold on ketones is the production of the unstable ketone 
hydrazones, which on .standing split off hydrazine with the formation 
(A the very stable ketazines (Ber. 25, B. 80) : 

SRK'CO -I- 2NH,-NH. -> 2BK'C : N-NH* RH'C : N-N : CliR' 4- NH.-NH. 

The ketazines are also formed by direct combination between two 
molecules of ketone and one of hydrazine. They are hydrolysed to 
the ketone and hydrazine by acids, but are stable to alkalis. When 
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heated with sodium ethoxide, the ketone hydrazones break down into 
nitrogen and a paraffin (Ann. 394, 86) (Curtius and Thun). 


Dimethyl ketazine in contact with acids changes into the isomeric triniethyl- 
pyrazoline (Ber. 27, 770: C. 1901, 11. 1121): 


(CHalaC-N 

I - 

(CH3)aC==N 


N-CCHa 


HN CHg 

\/ 

C{cn,),. 

The homologous methylalkylketazines behave similarly, whilst diethylketazine 
does not imdergo the change (C. 1898, II. 1249). 

Diethylketazine, however, is converted on heating with zinc chloride into 
8 ; 4-dimethyl-2 : 5-diethylpyrrole (Ber. 43, 493) : 


CHg-CH, CHj-CHa 

I I 




CH3C— C-CHa 

il li 

C3H3D CD3H5 

\/ ' 

NH 


+ NH 3 . 


Acetone hydrazone, MeaC : N-NHg, b.p. 124°. 

Dimethyl ketazine, MegC : N-N : CMe^, b.p. 131°, methyl ethyl ketazine, b.p. 170°, 
methyl propyl ketazine, b.p. 197°, methyl hexyl ketazine, b.p. 290°, diethyl ketazine, 
b.p. 193°. 


E. Ketone Phenylhydrazones (E. Fischer, Ber. 16, 661 : 17, 
576 : 20, 513 : 21, 984). — ^These compounds result by the action of 
phenylhydrazine on the ketones. They behave like the aldehyde 
phenylhydrazones, and form indole derivatives when heated with 
HCl or ZnClg. 

Acetone phenylhydrazone, (CH 8 ) 2 C : NaHCeHs, m.p. 16°, b.p. 165°/93 mm. 

Methyl n-propyl ketone phenylhydrazone, b.p. 206°/100 mm. 

p-Nitrophenylhydrazones are specially suitable for identifying ketones on 
account of the relative insolubility of the compound formed. Acetone p-nitro^ 
phenylhydrazone, (CH 3 )aC : m.p. 148° (C. 1904, I. 14). 

F. Ketone semicarbazones result when ketones are mixed with 

semicarbazide, NH 2 CO‘NH*NH 2 at ordinary temperatures. 

Such compounds are particularly suitable for the identification of 
the ketones, on account of the excellent way they crystallize. 

Acetone semicarhazone, (CHs) 2 C : NNHCONH 2 , m.p. 187°. Melhyl ethyl ketone 
aemicarhazmie, m.p. 135°. Diethyl ketone semicarhazone, m.p. 139°, and other 
members, see Ber. 34, 2123. 


3B. UNSATURATED KETONES AND KETENS 
(a) KETENS, RR'C : CO * 

The ketens discovered by Staudinger in 1905 are a special type 
of unsaturated ketone of the general formula RR'C : CO. The simplest 
keten, CHg : CO, was prepared by Wilsmore in 1907 by the action 
of a red-hot platinum wire on acetone, acetic anhydride .and acetic 
ester (J.C.S. 91, 1938). Keten bears the same relation to acetic acid 
as carbon monoxide to formic acid, and can be regarded as an internal 
anhydride of acetic acid. The acetals corresponding to the keten 
hydrates (tautomeric with the carboxylic acids), RR'C : C(OR") 2 , are 
known. 

♦H. Staudinger, Die Ketene (Stuttgart, 1912, Enke). 
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In the presence of two adjacent double bonds, RgC : C ; 0, ketens 
resemble such compounds as the isocyanic esters, R*N : C : 0, and 
Staudinger proposed, on account of the similarity in formula and 
reactions of such compounds, to class them together under the name 
carbonylenes. Regarding the aliphatic diazo compounds as possess- 
ing an open chain formula (but see p. 251), he grouped these with 
these compounds under the proposed name azenes (Helv. Chim. Acta. 
5, 86), 

Kjetens of the type RCH : CO are known as aldoketens, those con- 
taining two alkyl groups, RR'C : CO, as ketohetens. 

Formation. — (1) By the action of zinc on a-bromo-fatty acid 
bromides in indifierent solvents : 

Zn 

CHaBr-COBr > CHa^CO + ZnEr^ 

Zn 

(CHajgCBr-CBr > {CK^)^0^00 + ZnBra. 

(2) By the pyrogenic decomposition of acetone (Ber. 43, 2821) 
or acetic anhydride ; 

CHg-CO-CHa > CH4 + CHj ; CO 

(CH3*CO)aO > HgO + SCHj : CO. 

(3) By heating dialkyl malonic anhydrides (Ber. 41, 2208 : Helv. 
Chim. Acta. 6, 291) : 

II > il 4* COg. 

L CO— o J« CO 

(4) By heating certain diazomethane derivatives, e.g. diazodesoxy- 
benzoin (Schroeter : see Vol. II) : 

C3H5-C0*C( : N2)*CeH5 > + CeH^-CO-CiCeHsX ^ (CeH6)2C : CO. 

Properties. — ^The aldoketens are colourless, and usually very un- 
stable. The ketoketens are more stable and are yellow in colour, 
the depth of colour depending upon the nature of the two alkyl 
groups. The ketens show no carbonyl reactions, but, on the other 
hand, manifest great additive capacity at the C : C linking. They 
behave as internal anhydrides of 'the fatty acids in their addition 
reactions with water, alcohols, amines, halogen hydrides and fatty 
acids, with the formation respectively of fatty acids, esters, amides, 
acid halides and mixed acid anhydrides. It cannot be definitely 
stated whether the addition takes place first at the C : 0 linking, 
with subsequent isomerization, or whether the addition takes place 
directly at the C : C linking. 

The extraordinary reactivity of the adjacent double linkages leads 
to spontaneous polymerization, very often very suddenly, this ten- 
dency being particularly marked with the aldoketens and leading to 
difficulties in their preparation in a pure condition (Ber. 49, 2697 : 
53f 1073, 1917 : Helv. Chim. Acta. 7, 3). In some cases, the original 
form can be recovered by distillation of the dimeric product. 

The ketens are extraordinarily sensitive to atmospheric oxygen. 
They combine with oxygen in solution to moloxides, which are stable 
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at a low temperature, but which decompose at room-temperature into 
ketones and CO 2 . In the dry state they are explosive (Ber. 58, 1079) : 

R2C-C:0 - 20 " BgC— C:0 +15~18« Ra-C + C-:0 

^ j I ^ „ I, 

0==0 0—0 O 0 

Ketens add themselves to the unsaturated linkages 0 : C, N : N, 
N : 0, C : 0, C : N (Ber. 44, 521 : Helv. Chim. Acta. 7, 8). Their 
union with carbonyl compounds and Schiff’s bases to form the other- 
wise difficultly accessible jS-lactones and /8-lactams is important (Ber. 
50, 1035). The stability of the so-formed ring compounds is discussed 
in Helv. Chim. Acta. 5, 3 : 

RR>C=C:0 RR»C— C:0 / RR'-O— C : 0>, 

>- '( I (similarly | | ) 

RuKuic=:0 RnRnxC— 0 ^ R°RraC— NR"/ 

etc. 

Ketens also combine with CO 2 with the formation of dicarboxylic 
anhydrides (see preparation, method (3)) (Helv. Chim. Acta. 8, 306). 

Tertiary bases such as pyridine and quinoline form the so-called 
keten bases with two molecules of dimethylketen. With stronger 
tertiary bases such as triethylamine, ketinium compounds containing 
one mol. of keten to one mol. of base are formed (Ber. 42, 1271). 

Keten, CHg : CO, m.p. — 161®, b.p. — 56®, is colourless, poisonous and has 
an odour of chlorine and acetic anhydride (Ber. 41 , 694). Methylheterij CHMe : CO 
(Ber, 41 , 906 : 44 , 533), and ethylhetm have only been obtained in ethereal 
solution. 

Dimethylketm, CMeg : CO, m.p. — 97*5®, b.p. 34®, is a mobile light-yellow 
liquid which polymerizes at ordinary temperature to tetramethylc^dobutanedione 
(Ber, 39 , 968 : 40 , 1149), Diethylketen, b.p. 92®, is obtained from diethylmalonic 
anhydride (Ber. 41 , 2208). 

Carbon suboxide, CO : C : CO, which is closely related to the ketens, is 
dealt with later, in connection wilh malonic acid. 

Keten Acetals. — The keten acetals, RgC : C(OR') 2 , are obtained by the 
action of water on the reaction product of sodamide on acetic ester (Scheibler 
et aL, Ann. 458 , 21 : see under acetoacetic ester). 

Keten diethyl acetal, CHg : C(OEt) 2 , b.p. 78®, is a colourless liquid with a faint 
ethereal odour, readily soluble in organic solvents and to an appreciable extent 
in water. On hydrolysis it yields acetic ester and alcohol, and by the action 
of bromine, bromoacetic ester and ethyl bromide. 

Keten di-n-propyl acetal, b.p. 104-106®; diisobutyl acetal, b.p. 110-112®; 
dii&oamyl acetal, b.p. 131-133®. 

Methyllceien diethyl acetal, CHMe : C(OEt) 2 , b.p. 78-81°, is obtained from ethyl 
propionate. 


(5) OLEFINE AND DIOLEFINE KETONES 

Olefine ketones, in which the double bond is situated next to the 
keto-group, are very easily prepared, and are interesting in their 
behaviour. 

(1) (a) a/8-olefine ketones are obtained from the product of con- 
densation of ketones with aldehydes or ketones ; the keto-alcohols 
which are formed easily give up water : 

CH3CHO -h CH3COCH3 -> CH3CH(0H)CH2C0CH3 CH3CH : CHCOCH3. 

(Jondensation of several molecules of the same ketone results in 
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the formation of a^-olefine ketones and diolefine ketones : e.g. acetone 
yields mesityl oxide and phorone : 

(CH.)2C0 

2CH3COCH3 (CH3)3C : CHCOCH3 > (CH3)2C : CHCOCH : C(CH3)3 

(6) The jS-halogen ketones, which are readily obtained by the 
condensation of jS-halogen fatty acid chlorides and zinc alkyls, lose 
halogen hydride and yield ajS-unsaturated ketones when treated with 
diethylaniHne (C. 1906, I. 650 : 1908, I, 1913) : 

ZnEt* 

X-CHg-CHg-COCl > X-CHa-CHj-CO-Et > CHg : CH-CO-Et. 

(c) The ajS-unsaturated ketones are obtained by condensing ole- 
fines with acid chlorides in the presence of aluminium chloride (C. 
1910, I. 1335 ; c/, Ber. 27 , R. 941) : 

MejsC : CHg -f CHj-COCl ^ Me^C ; CH-CO-CHg. 

This may be regarded as a special example of the very important 
Friedal-Crafts reaction for the preparation of many aromatic com- 
pounds. 

(d) In some cases a/S-unsaturated ketones are obtained by con- 
densing A*-unsaturated acid chlorides with zinc alkyl iodides (Ann. 
Chim. Phys. [8] 15 , 556). 

(2) Allyl alkyl ketones can be prepared from the acid nitriles, 
allyl iodide and zinc. They very easily change into propenyl alkyl 
ketones, under the influence of mineral acids (C. 1905, I. 431) : 

CH,C ; N > CH,COCHjCH : CHj > CHjCOCH : CHCHg. 

(3) Unsaturated ketones with any desired position of the double 
bond can be obtained by hydrolysis of ^-ketonic esters or ^-diketones 
containing the appropriate unsaturated group. Thus, allylacetoacetic 
ester yields methyl A^-butenyl ketone (allylacetone) : 

CHa : CH-CHa-CH-COOH CHg ; CH-CHa'CHg 

I 1 + COg. 

CHs-CO CHg-CO 

The ajS-unsaturated ketones show very marked additive proper- 
ties at the G : C linkage adjacent to the carbonyl group. On reduc- 
tion, they yield according to the conditions saturated ketones or 
saturated alcohols. The reduction to the unsaturated alcohol has 
not yet been accomplished (Ann. 330, 21 2). By the use of aluminium 
amalgam dimolecular condensation products are also formed (Ann. 
296 , 295), On the other hand, the unsaturated ketones with separated 
double bonds yield exclusively the unsaturated alcohol when reduced 
with sodium and alcohol, 

Semicarhazide yields the semicarbazidosemicarbazones, R-CH(]SrH*NH*CO- 
KH 2 )"CHg’C( ; N’NH'CO'NHgl'R', as well as the normal semiearbazone (Ber. 
40, 4764). HydroxyUimim produces not only oximes but also jS-hydroxylamino- 
RCH(HHOH)*CHjC( : NOH)R. Ammonia, primary and secondary 
mmm w pai^eularly easily taken up, forming jS-aminoketones, Hydrazines 
react with the CO and C=C groups, producing cyclic pyrazolines. 
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Mercaptans form not only mereaptoles, but also mercapto-mereaptoles, even 
when the C==C group is not contiguous to the CO group ; 6,g * ; 

CH30H(SC,H5)CH,C(SC2Hs) 2CH3, CH3CH(SC,H5)CH2CH2C(SCaH5)aCH3, 
etc* In phorone, only the two C=C groups react, yielding: 

(CH3)2C(SC3H5)*CH3-CO-CH3C(SC2H5)(CH3)a (Ber. 37, 502), 

Sulphurous and hydrocyanic acids sometimes imite with the C=C group 
rather than with the CO. Malonic ester, acetoacetic ester, and other such 
reactive bodies similarly unite with the C=C bond of ajS-olefine ketones, forming 
RC0CH2CR-CH(C02C2H5)a, etc. 

Addition compounds with the halogen acids are very readily formed. It is 
a general rule that, when HX becomes attached to these unsaturated substances, 
the hydrogen atom always takes the a- position to the CO group and the X group 
the j3- position. 

Bromine forms ajS-dibromoparaffin ketones which readily give up HBr, 
leaving a-bromo -olefine ketones, which yield a-diketones on hydrolysis (Ber. 
34, 2092). 

Methyl vinyl hetoiie (Methyleneacetone) CHg : CH-CO-Me, b.p, 80°, is a strongly 
refracting, very pungent oil obtained from acetonylcarbinol, CHj-CO-CHg-CHgOH, 
or j6-acetylacrylio acid, CHg-CO-CH : CH-COgH, by distillation tmder ordinary 
pressure. Methyl isopropenyl ketone, CH^ : CMe‘CO*Me, b.p. 96°, is obtained 
similarly (D.R.P. 222551, 227176, 242612 ; C. 1910, 11. 120, 1421 : 1912, 1. 385). 
They polymerize very easily. 

Ethyl-, propyl’, and isohutyl-vinyl ketones, b.p. 31°/47 mm., 24°/10 mm. and 
32°/10 mm. are obtained by loss of HCl from the corresponding alkyl j8-chloroethyl 
ketones. 

Methyl allyl ketone, b.p. 108°, ethyl allyl ketone, b.p. 127°, and propyl allyl 
ketone, b.p. 147°, CHg : CH‘CHaCOR, are readily changed by mineral acids into 
inethyl propenyl ketone, b.p. 121°, ethyl propenyl ketone, b.p. 137°, and propyl 
propenyl ketone, b.p, 157°, 

Ethylideneacetone, CHaCH—CH-CO-CHg, b.p. 121°. It has a penetrating 
odour like that of crotonaldehyde. It is formed when hydracetylacetone {q-v,} 
is boiled with acetic anhydride or anhydrous oxalic acid (Ber. 25, 3166 ; 34, 2092). 
isoButylidencacetone, {CH3)2CH*CH ; CH-COCHa, b.p. 51°/16 mm. (C. 1900, I. 
403). isoAmylideneacetonc (CH3)2CH*CH2CH : CHCOCH3, b.p. 180° (Ber. 27, 
R. 121 ; C. 1897, I. 365). Heptachloroethylideneacetone, CHClaCCl—CCl'CO'CCla, 
b.p. 184°/14 mm., results when trichloroacetyltetrachloroerotonic acid is heated 
with water (Ber. 25, 2695). 

Mesityl oxide, (CH3)2C==CH-CO-CH3, b.p. 130°, is a liqxiid smelling like 
peppermint. Phorone, (CH3)2C=:CH-CO-CH=C{CH3)2, m.p. 28°, b.p. 196°. 
These are formed simultaneously on treating acetone with dehydrating agents, 
e.fif. ZnCla, H2SO4, and HCl. Hydrochloric acid is best adapted for this purpose, 
the acetone being saturated with it, while it is cooled. The addition products 
which are first formed, (CH3)2GC1*CH2-C0CH3 and (CH3)aCChCH2-CO-CH2-CCi- 
(CH3)2, are decomposed by alkali hydroxides, and tlie mesityl oxide and phorone 
then separated by distillation. When acetone is condensed by lime or sodium 
ethylate there is produced along with the mesityl oxide a cyclic ketone isomeric 
with phorone, called isophorone (Vol. 11). 

The diacetone alcohol which is formed as an intermediate product readily 
decomposes when heated with a little concentrated sulphuric acid into mesityl 
oxide and water (Monatsh. 34, 779), The formation of mesityl oxide is reversible. 
By shaking with 1% HCl mesityl oxide takes up water and forms diacetone 
alcohol ; concentrated acids, or warming with dilute sulphuric acid split it into 
two molecules of acetone. Phorone is similarly broken down when heated with 
dilute sulphuric acid (Ann. 180, 1). 

Mesityl oxide takes up two atoms of bromine, and phorone four. 

Fhorone tetrabromide, CMe2Br*CHBr*CO*CHBr-CMe2Br, m.p. 89° (Ann. 180, 
21) yields when heated with alcoholic potassiunn acetate or pyridine, tx,cC’dibro)no- 
phorone, CMeg : CBr*CO'CBr : CMej, m.p, 30° (Ann. 406, 154). Ozonides of 
mesityl oxide and phorone, and their breakdown products, see Ann. 374, 338. 

Just as acetone condenses to mesityl oxide and phorone, so the homologous 
ketones, and methyl ethyl ketone, methyl propyl ketone, methyl heptyl ketone, 
and methyl nonyl ketone are condensed by hydrochloric acid (Ber. 36, 2556) 
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or zinc chloride, and acetyl chloride (C. 1903, II. 566) or calcium carbide (C, 
1909, II. 1421) to homologues of mesityl oxide and phorone. 

HisioricaL — Kane discovered mesityl oxide in 1838, when he obtained it, 
together with mesitylene, by the action of concentrated sulphuric acid on acetone. 
At that time he regarded acetone as alcohol, and called it mesitalcohol. In 
mesityl oxide and mesitylene, Kane thought he had discovered bodies which bore 
the same relation to mesityl alcohol or acetone that ethyl ether or ethyl oxide and 
ethylene bear to ethyl alcohol. Kehule developed the formula (CH 3 ) 2 *C=CH- 
CO'CHg for mesityl oxide, which was substantiated later by Glaisen. Baeyer 
discovered phorone, and Claisen assigned to it the formula (CH 3 ) 2 C = CH*CO*- 
CH-:C{CHs) 8 (Ann. 180, 1). 


The Action of Ammonia on Acetone and Mesityl Oxide and Phorone 


Ammonia unites with mesityl oxide and phorone at their double bonds and 
forms three bases, diacetonamine, triacetonamine, and triacetonediamine — the 
same that are formed from ammonia and acetone {Heintz, Ann. 174, 133 : 198, 
42 : 203, 336). There are two possible courses that the reaction may follow : 
jfirstly, that the acetone is condensed to mesityl oxide and phorone by the am- 
monia which then become converted into the amines, or secondly, the ammonia 

forms a simple addition compound, (CH 3 ) 2 C<^^^ , which then condenses. 


CH. 


CH 3 / 


‘\!=CHCOCHs 
Mesityl oxide. 


WH. CH, 
> 

CH< 


CH3> 

CHj. 


‘^= CH-CO-CH= C<(^^ 
Phorone. 


'CH 3 
!H3 


CH3COCH3 


>C. 

Diacetonamine. 


< 



Triacetonamine. 

yCHg 

CH/XNHa XCHs 


^2 NH^/ 

Triacetonediamine. 
(Ann. 203, 336). 


Diacetonamine forms a colourless liquid, slightly soluble in water, which is 
decomposed into mesityl oxide and ammonia by distillation (Ber. 7, 1387). It 
shows a strongly alkaline reaction and forms crystalline salts with one equivalent 
of acid. The hydrochloride, acted on by potassium nitrite, yields diacotone 
alcohol, (CH 3 ) 2 C(OH)CH 3 COCH 3 (g.v.), which can be considered to be a derivative 
of diacetonamine. It loses water and changes to mesityl oxide. Urea derivative 
of diacetonamine, see Ber. 27, 377. Diacetonamine oxime, m.p. 55®, b.p. 121®/i2 
mm. (Ber. 34, 300, 792). 

Oxidation by chromic acid mixture produces a-amino-fsobutyric acid, 
(CH3)2C(NH2)C00H, and jS-amino-isovaleric acid, (CH 3 ) 2 C(NH 2 )*CH 2 COOH. 

Triacetonamine, m.p. 39-6® ; + IHgO, m.p. 58°, is prepared from phorone and 
ammonia, and is a secondary base (p, 187). It crystallizes anhydrous in needles, 
and with one molecule of water in large quadratic tables. It is weakly alkaline. 
Its hydrochloride with potassium nitrite yields a nitrosamine, CflHieON-NO, m.p. 
73®, which regenerates phorone when boiled with sodium hydroxide. The nitroso - 
body is transformed by hydrochloric acid back into triacetonamine. This sub- 
stance, with bromine, forms ^-bromotriacetonamine, OgHieONBr, m.p. 44° (Ber. 
31, 668). For further reactions, see Vol. II. 

Phorone and primary amines produce li^-methyUriacetonamine, etc, (Ber. 28, 
B. 166). Just as the reaction of diacetonamine with acetone yields triaceton- 
amine, so acetaldehyde produces vinyldiacetonamine (Ber. 17, 1788). 

(CH,),C CH,COOH, CH,CHO (CH,)isC-CHjCO-CaEfj 

NH, Jth CHCH3 

With cyanoacetic ester an analogous 8-iactam is formed (Ber. 26, R. 450). 
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Action of Hydroxylamine and Semicarbazide on Mesityl Oxide and 

Phorone 


According to the conditions of experiment, hydroxylamine becomes added 
on to the mesityl oxide molecule and gives diacetonehydroxylamine, or else oxime 
formation takes place. In the case of phorone, however, only addition compounds 
are formed — triacetone hydroxylamine and triacetone dihydroxylamine, corre- 
sponding with the two compoxmds obtained with ammonia. 

Mesityl oxide oxime, (CH3)2C=CH*C(NOH)CH3, a-form, b.p. 83°/^ mm., 
jS-form, m.p. 49®, b.p. 92®/9 mm., is prepared from mesityl oxide and free hydro- 
xylamine. It is obtained in two modifications. The oily a-oxime is transformed 
into the solid jS-form by the action of heat on the hydrochloride, or by repeated 
distillation under reduced pressure. The latter, boiled with alkali, regenerates 
the a-modification. 

Mesityl nUrimine, (CHa),C=CH-C<^^Q , m.p. 165®, with violent decom- 
position, is produced when both modifications of mesityl oxide oxime are treated 
with amyl nitrite in glacial acetic acid (Ber. 32, 1336). Reduction changes it to 
trimethylpyrazoUne (Vol. III). Heated with water it forms an isomeric trimethyl - 
isoxazolone oxime (Vol. Ill) ; oxidation with nitric acid changes it to nitrito- 
mesityl dioxime peroxide. This is converted by aniline in glacial acetic acid 
solution into anilonitro -acetone, which, in turn, is changed by sulphuric acid 
into nitro-acetone (Ann. 319, 230). 

(CH8)3C-CH2C CH CHsC CH3HO3 CHgCO-CH^NO*. 

I II 11 ^ II > 

ONO N-O-ON NC3H5 


Biacetone hydroxylamine, mrn., is 

formed, together with a-mesityl oxide oxime, by the action of free hydroxylamine 
on mesityl oxide. Oxidation with chromic acid yields : 

— -CO— CH3 


dimolecular form, na.p. 


CH - 

fi-N itroso ‘isopropylacetone, 

75® ; monomolecular form, b.p. 60®/ll mm., which is also formed from diaceton- 
amine (p. 274) by oxidation with persulphurie acid. In the dimolecular condition 
it forms white tabular crystals, which melt to a blue mononwlecular liquid. It 
is easily decomposed (comp, nitrosoparafiins, p, 183, and Ber. 36, 1069). 

p-NitroAsopropylacetone, (CH3)2C(N02)CH2C0CH3, b.p. 119®/! 7 mm., is pro- 
duced when diacetone hydroxylamine is oxidized with nitric acid. It can be 
reduced back to its parent compound by aluminium amalgam (Ber, 36, 158). 


Triacetonehydroxylamine, 


CO— CH, 


50®, 


-N(OH) "'•P- 

prepared from phorone and hydroxylamine* hydrochloride, and yields with 
hydroxylamine, an oxime, m.p. 126®. 

Triacetonedihydroxylamvie, ^HOHN^^'^CH*' 

b.p. 135®/20 mm. (Ber. 36, 657), results from interaction of phorone and two 
molecular proportions of free hydroxylamine. Reduced by Zn and HCI, it 
changes to triacetone diamine. Boiled with alkalis it gives the anhydride. 


m.p. 111®. Reduction by Zn and HCI gives triacetone diamine (see above). 
Dinitrosodiisopropylacetone, 

is produced from triacetone dihydroxylamine by chromic acid (Ber. 31, 1379)‘ 
On melting it forms a deep-blue liquid. 

Semicarbazide derivatives . — Mesityl oxide semicarbazone, Me^C : CH-C- 
( : N*NH‘C0*NH3)CH3, m.p. 156°, is obtained from mesityl oxide and semi- 
carbazide in neutral or alkaline solution. In. acid solution, on the other hand, 
the compound Me3C(NH-NH-CO-NH2)CH3*C( : N-NH C0-NH2)CH3, m.p. 221®, is 
obtained. The semicarbazide residue attached to the ketonic carbon atom can 
be removed by benzaldehyde with the formation of mesityl oxide semicarbazide, 
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Me 2 C(NH*NH-CO*NH)-CH 2 -CO'CH 3 . Under certain conditions a compound, m.p. 
131®, isomeric with the semicarbazone can be obtained. This is probably a 
pyrazoiine derivative (Her. 36 , 4377 : 42 , 4503 : J.C.S. 103 , 377). 

Allyl acetone, CHg : CH-CHa-CHaCOCHg, is obtained from allyl acetoacetic 
ester. It is isomeric with mesityl oxide (C. 1898» II. 653 : Ber. 33 , 1472). 

Methylheptenone, (CH 3 ) 2 C=CH-CH 2 -CH 2 COCH 3 , b.p. 173®, is found in a 
number of ethereal oils which contain citral, Hnalool, and geraniol. It results 
from the distillation of cineolic anhydride (Vol. II). Synthetically it can be 
produced by the action of sodium hydroxide solution on the reaction product 
of sodium acetylacetone and amylene dibromide, (CH 3 ) 2 CBr‘CH 2 CH 2 Br (Ber. 29 , 
R. 590). It is also prepared from dimethylallylacetoacetic ester, the result of 
the reaction between acetoacetic ester and amylene dibromide, and sodium 
ethoxide solution (Ber. 34 , 594). It possesses a penetrating odour like amyl 
acetate. Oxidation with KMn 04 breaks it down to acetone and Ijevulinic acid ; 
zinc chloride produces dihydro-m-xylene (Ann. 258 , 323 : Ber. 28 , 2115, 2126). 

A^^-Octadien-C-one.— Sorbic ethyl ketone, CHj CH : CH CH : CH-CO-CjHs, b.p. 
93°/26 mm., is prepared from sorbyl chloride and zinc ethyl (Ber. 34, 2222). 

Condensation of the respective a^-olefine aldehydes (p. 253) with acetone 
leads to the formation of the following diolefine ketones (Ber. 28 , R. 608 : C. 1906, 
II. 1112) ; 

(1) y-Methyl-A^-ocladien-!^.e>ne, CH 5 CH : C(CH 5 )CH : CHCOCHj, b.p. 92°/12 
mm. 

(2) h-MethyhAy^-nonadieji-yi-one, (CH 3 )CH 2 CH : C(CH 3 )CH : CHCO-CHs, b.p. 
97®/8 mm. 

(3) ^-Methyl- t-mopropyl-A^^-decadien-i-one, (C 3 H,)CHsCH : C(C 3 H,)CH : CH- 
COCH,. 

Boiling with zinc chloride gives rise to benzene derivatives with varying 
facility ; (1) no condensation ; (2) a bad yield ; (3) a better one (see Vol. II). 

Diallylacetone, CHg^-CH-CHg-CHaCOCHg-CHa-CH-CHa, b.p. 116®/70 mm., 
is prepared from diallylacetone carboxylic ester (comp. Oxetone). 

pseudo-lonone is also a diolefine ketone, and is described in Vol. II, together 
with the olefine terpenes, 

(c) ACETYLENE KETONES 

These are obtained by the action of acid chlorides on sodium compounds 
of alkyl acetylene. 

Acetylosnmithylidene, CH 3 [CH 2 ] 4 C sC-COCHg, b.p. 93°/18 mm., is obtained 
from sodium oenanthylidene and acetyl chloride. It possesses an irritating odour. 
Dilute HgS 04 converts it into acetyl caproyl methane, CH 3 [CH 2 ] 4 CO'CH 2 COCH» 
(C. 1900, II. 1231, 1262). Hydroxylamine and hydrazines combine with the 
acetylene ketones, forming isoxazoles and pyrazoles respectively (C. 1 903, II. 1 22 : 
1904, I. 43). 



4. MONOBASIC CARBOXYLIC ACIDS 


The organic acids are characterized by the group, *CO*OH, called 
carboxyl, of which the hydrogen can be replaced by metals and 
alcohol radicals, forming salts and esters. 

The number of carboxyl groups present in them determines their 
basicity, and distinguishes them as mono-, di-, tri-basic, etc,, or as 
mono-, di-, and tri-carboxylic acids : 

CH,CO.H 

Acetic acid Malonic acid TricarbaUylic acid 

(monobasic). (dibasic). (tribasic). 


According to Hantzsch (Ber. 50, 1422) the old formulation of the 
carboxyl group as — is unsatisfactory. According to him, two 
forms of the carboxyl group are to be recognized : 

I. Derivatives of the psewcJocarboxylic acids, from which 

the non-dissociating esters are derived. 


II. Derivatives of the true carboxylic acids R*C<]q [h from which 
the salts R-C<^q|-M are derived. 


In the free carboxylic acids an equilibrium exists between the two 
forms, determined by their dissociation and the solvent in which they 
are dissolved. 

In the second form, the hydrogen atom is linked to the two oxygen 
atoms in the second sphere by two subsidiary ionized valencies in 
Werner’s scheme. The great mobility of the hydrogen atoms in the 
acids and the metallic atoms in the salts is thus explained. The 
view of Hantzsch is further supported by the totally different 
optical behaviour of the esters on the one hand and the salts on 
the other. 

The evidence, however, seems opposed to the view that the formula 


of the carboxyl group could be represented as — which is the 


electronic representation of 'Werner’s type II (see Sidgwick, Mlec- 
ironic Theory of Valency, Oxford, 1927, p. 252). 

The saturated monobasic acids can be looked on as being com- 
binations of the carboxyl group with alcohol radicals ; they are 
ordinarily termed fatty acids. They correspond with the saturated 
primary alcohols and aldehydes. 

The unsaturated acids of the acrylic acid and propiolic acid series, 
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corresponding with the unsaturated primary alcohols and aldehydes, 
are derived from the fatty acids by the loss of two and four hydrogen 
atoms. 

The following classes will be described : 

A. Paraffin monocarboxylic acids ^ CnHgnOa, formic acid or acetic acid 

series. (Fatty acids.) 

B. Olefine monocarboxylic acidsy GnH2n-202, oleic or acrylic acid 

series. 

C. Acetylene monocarboxylic acidSy CnH^n-iOg, propiolic acid series. 

D. Diolefine carboxylic acids, 

Nomenclature. — ^The “ Geneva nomenclature ” deduces the names 
of the carboxylic acids from the corresponding hydrocarbons ; thus 
formic acid is [methane acid] and acetic acid is [ethane acid], etc. 

The radical of the acid is the residue in combination with the 
hydroxyl group : 

CH 3 CO— CHa-CHa-CO— CHs-CHa-CHa-CO— 

Acetyl. Proplonyl. Butyryl. 

The names of the trivalent hydrocarbon residues, which in the 
acid residues are united with oxygen, are indicated by the insertion 
of the syllable “ en ” into the names of the corresponding alcohol 
radicals : 


CHa-Cs CHs-CHa-Cs CHa-CHa-CHa-C s 

Bthenyl. PropenyL «*Butenyl. 


The group CH^ is called the methenyl group or the methine 
group. 

Derivatives of the Monocarboxylic Acids. — ^Numerous classes 
of bodies can be derived by changes in the carboxyl group. In con- 
nection with the fatty acids mention will only be made of the salts. 
The other classes of derivatives will be considered separately after 
the fatty acids themselves. They are : 

(1) Esters, resulting from the replacement of hydrogen in the 
carboxyl group by alcohol radicals (p. 310). 

(2) Chl^ides (bromides, iodides, and fluorides), which are com- 
pounds of the acid radicals with the halogens (p. 314). 

(3) Acid anhydrides (p. 317), compounds of the acid radicals with 
oxygen. 

(4) Acid peroxides (p. 319). 

(5) Thio-acids (p. 319). 

(6) Carbithionic acids, 

(7) Acid amides (p. 321), compounds of the acid radicals with 
NHa. 

(8) Acid nitriles (p. 324). 

Hence acetic acid yields the following : 


CHj-COa-CjHs 
Ethyl acetate. 


CHa-COSH 
Thioacetlc acid. 


CHa-COCl (CHg-COlaO 

Acetyl chloride. Acetic anhydride. 

CH^-CSSH CH3‘C0NH2 

Hethyl carbithionic Acetamide, 

acid. 


(CH3*C0)30. 
Acetyl peroxide. 

CHa-CsN. 

Acetonitrile. 
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CH3C<C 

Thioacetimido 

ether. 

/NO 

^NOH 

Acetonitrosolic 

acid. 

/NH, 

Acetamide oxime. 


^NOH 

Acetohydroxamic 

acid. 

CHsCX 

^NOH 
Ethyl nitrolic 
acid. 


Acetamidine. 

/N t NCeHg 

CH3C<( 

^N'NHCeHs 
Methyl formazyl. 


The less important derivatives of the fatty acids belong to the following 
classes, which will be described later : 

CHaC/^ CHaC/^/N CB^c/^ , 

\nHNHj Xn/ II \nHj 

Acetohydrazido. [Acetazide], Acetamide chloride. 

/Cl /OC3H5 /NH, 

CHaCkC CHaCC CH3C<; 

Acetimide chloride. Acetimido-ether. Thioacetamide. 

/SCaHg /OH /NHOH 

nTT..r!/ r,TT_r!/ c*rR.n/ 


Acetamide chloride. 

/NH, 

CH.C<^ 

Thioacetamide. 

/NHOH 

CH^C/ 

^NOH 

Acetohydroxamic 

oxime. 

CBja^ 

Xnoh 

Acetohydroximic 
acid chloride. 


^N-NHCeHj 

Acetohydrazidine. 


Aromatic carboxylic acids, especially benzoic acid, are particularly 
suitable for the preparation of carboxylic acid derivatives, and various 
classes of substances which actually belong here, have been discovered 
and more closely studied in the aromatic series. Benzoic acid trans- 
mits its own facility in crystallization to its derivatives, so that the 
process of investigation becomes the easier. 

Similarly, the aromatic amines and hydrazines, such as aniline, 
toluidine, and phenylhydrazine, are more easily prepared and more 
convenient to manipulate than the corresponding aliphatic com- 
pounds, so that in this direction also the benzene derivatives have 
been more closely investigated than the simple methane compounds. 

Numerous derivatives are also obtained by the replacement of the 
hydrogen atoms in the radical combined with hydroxyl by other 
atoms or groups. The halogen substitution products will be described 
under the fatty acids, after the discussion of the various classes men- 
tioned in the preceding paragraphs. 

The fatty acids can be recovered from all of the above classes of 
derivatives by simple reactions. 

It has already been indicated tmder the oxygen derivatives of the 
methane hydrocarbons, that aldehydes, ketones, and carboxylic acids 
may be considered to be anhydrides of theoretical, non-existing dihydric 
or trihydric alcohols, in which the hydroxyl groups are attached to 
the same carbon atom (p. 46). 

The trihydric alcohols, corresponding with the carboxylic acids, 
do not exist, but ethers of them are known, as are the ethers derived 
from the hydrated forms of the aldehydes (acetals, p. 241). The 
hypothetical, trihydric alcohols, of which the carbonic acids may be 
considered anhydrides, have been called ortko acids, just as tribasio 



280 


ORGANIC CHEMISTRY 


phosphoric acid is termed orthophosphoric acid (Ann. 139, 1 14 : Jahres- 
bericht. 1859, 152 : Ber. 2, 115). This designation has also been 
applied to the orthoaldehydes and orthoketones. 

It is customary, therefore, to speak of orthoformic esters (the 
esters of tribasic formic acid), and of formic acid (which, in view of 
the relation of orthophosphoric to metaphosphoric acid, PO(OOH), 
might be termed metaformic acid) and of formic acid esters : 

/OH /OC2H5 /OH /OCaHfi 

HCeOH HC^OCaHj CH< CH^ 

\CH \OC2H5 ^0 ^^0 

[Orthoformic acid.] Ethyl orthoforraatc. Formic acid. Ethyl formate. 

Unknown. 

The chloride, bromide, and iodide corresponding with orthoformic 
acid are chloroform, bromoform, and iodoform ; further derivatives 
are nitroform and orthotrithioformic ester : 

/Cl /NO2 /SC2H5 

HC^Cl HCeNOa HC^SCaHs 

\C 1 NnOj \SC2H6 

Chloroform. Nitroform. Ethyl orthotrithioformate. 

The ortho-acid derivatives wiU be discussed immediately following 
the derivatives of ordinary formic acid. 

Comparably to the above, substances are known which are derived 
from orthoaoetic acid, CH 3 C(OH) 3 : 

CH3C(OC2Hs)3 CH3CCI3 CH3C(N02)3 CH3C(NC5Hio)3 

Ethyl orthoacebate. Methyl Methyl Orthoacetic 

chloroform. mtroform. pipeiidide. 

In many reactions of the carboxylic acids and their derivatives 
(esterification, hydrolysis of esters, amides, acid chlorides, etc.), the 
ortho-acid derivatives play an important part as unstable intermediate 
compounds. 

A. MONOBASIC SATURATED ACIDS, PARAFFIN 
MONOCARBOXYLIC ACIDS, CnHsn+i COjH 

Formic acid, H*CO*OH, is the first member of this series. The 
radical HCO, which, here, is united to hydroxyl, is called formyh 
This acid is distinguished from aE its homologues and the unsaturated 
monocarboxylic acids, in that it exhibits not only the character of a 
monobasic acid, but also that of an aldehyde. To express in a name its 
aldehyde character the acid might be designated hydroxyforinaldehyde^ 
HOCHO. 

FORMIC ACID AND ITS DERIVATIVES 

It is not only the aldehyde character which distinguishes formic 
acid from acetic acid and its homologues, but also the absence of 
a chloride and anhydride, corresponding with acetyl chloride and 
acetic anhydride (g^.v.). The withdrawal of water from formic acid 
leads to the formation of carbon monoxide, a reaction which does 
not take place in the case of any of the higher homologues. (Com- 
pare,^ however, the ketens, which may be regarded as internal an- 
hydrides of the fatty acids.) Hydrocyanic acid, the nitrile of formic 
acid, has an acid nature, and therein differs from the indifferent 
nitriles of the homologous acids. Formic acid is twelve times stronger 
than acetic acid, as is shown by the dissociation constants {OstwaM). 

Carbon momxidCi and its nitrogen-containing derivatives, the iso- 
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nitriles or carbylamineSt C=N — R', and fulminic acid, C~NOH, will 
be described after formic acid. 

Formic acid, H‘CO*OH [Methane acid], is found free in ants, 
in the procession caterpillar, BomJbyx processionea, in pine needles, 
and in various animal secretions (perspiration), from all of which it 
may be obtained by distillation with water. It is almost certainly 
not present in stinging nettles. 

It is produced in the laboratory : 

(1) By the ' oxidation of methyl alcohol and formaldehyde (Ber. 
36, 3304) ; 

H-CHjOH » H CHO - -- > ■ H COjH. 

(2) By heating hydrocyanic acid, the nitrile of formic acid, Tiith 
alkalis or acids : 

HCN + 2H,0 = HCOOH + NH 3 . 

(3) By boiling chloroform with alcohoHo potassium hydroxide 
{Durms) : 

CHCI 3 + 4KOH = HCOOK + 3KC1 + 

(4) From chloral (Liebig), (5) from acetaldehyde disulphonic acid 
(see p. 247), and (6) from propargylic aldehyde (p. 255) and sodium 
hydroxide : 

CCla-CHO + NaOH = HCCls + HCOONa ; 

(S 03 Na) 3 CH-CH 0 + NaOH == (SOaNalaCH^ + HCOONa; 

CHsCCHO + NaOH = CH=CH + HCOONa. 

(7) The direct production of formates by the action of CO on 
concentrated potassium hydroxide at 100®, or more easily on soda- 
lime at 200-220®, is of technical importance {Berthelot, Ann. 97, 125 : 
Geuther, Ann. 202, 317 : Merz and Tibirigd, Ber. 13, 718) : 

CO + NaOH HCO ONa. 

By working at high pressures the reaction proceeds at an appre- 
ciably lower temperature (D.R.P. 86419). The source of carbon 
monoxide on the large scale is “ producer gas ” obtained by incom- 
plete combustion of coal. 

Anhydrous formic acid is obtained from the formates prepared as 
above by treatment with sulphuric acid (C. 1905, I. 1701) or better, 
with sodium bisulphate (C. 1908, I. 998). 

Similarly, ammonium formate is produced by passing a mixture 
of CO and NH3 over heated catalysts (C. 1895, I. 367). 

(8) By action of acids on wcyanides or carbylamines (p. 293) : 

CN-CaHg -f 2ia.fi - HCO 2 H -f C 2 H 5 NH 3 . 

(9) From fulminic acid by means of concentrated hydrochloric 
acid (see formohydroxamic chloride, p. 289), hydroxylamine hydro- 
chloride being formed simultaneously : 

C ; N-OH + 2Kfi -{- HCl = K-COfiL NHgOH-HCl. 

(10) By the action of potassium on moist carbon dioxide {Kolbe 
and Schmitt, Ann. 119, 251) : 

SCOa 4- 4K: + HgO = 2HCO-OK + KaCOa. 

Formates are also produced by the action of sodium amalgam or 
electrolytic hydrogen (Ber. 38, 4138 : 47, 256, 541) on aqueous solu- 
tions of bicarbonates ; likewise on boiling zinc carbonate with potas- 
sium hydroxide and zinc dust. 
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Potassium hydride combines at ordinary temperatures with COg, 
forming HCOOK. At higher temperatures (80°) there results a mix- 
ture of potassium formate and oxalate (C. 1905, II. 29). Potassium 
formate is also formed when CO and H^ are passed together over heated 
potassium {MoissaTii C. 1902, I. 568) : 

SCO + KH = HCOgK -h C. 

(11) From Oxalic Acid , — Before the development of the methods 
described under (7), formic acid was usually made by heating glycerol 
with oxalic acid, and this preparation is frequently now carried out 
as an exercise in the laboratory. 

The mechanism of the reactions between glycerol and oxalic acid 
have been carefully investigated by Chattaway (J.C.S. 105, 151 : 
107, 407} and can be conveniently dealt with here. 

The first products formed from the glycerol and oxalic acid are, 
as would be expected, the acid oxalate (I) and normal oxalate (II) 
of glycerol. The existence of these esters in the reacting mixture is 
shown by the isolation of oxamic acid (from (I)) and oxamide (from 
(II)) by the action of ammonia, and oxanilic acid and oxanilide by 
the action of aniline. 

The acid oxalate (I) breaks down on heating into glycerol mono- 
formin (HI), from which by the action of excess of oxalic acid, formic 
acid and more acid oxalate are produced. That this, rather than 
the traditional hydrolysis of the monoformin by water from the 
crystallized oxalic acid is the correct explanation is shown by the fact 
that formates yield formic acid by the action of anhydrous oxalic acid. 

Similarly, the normal oxalate (II) breaks down on heating into 
allyl alcohol and CO a- The presence of small quantities of allyl 
formate in allyl alcohol prepared by this method is due to the break- 
down of the estier (IV) which is also formed in small amount. By 
the use of appropriate conditions, either formic acid or allyl alcohol 
can be prepared. 

CsHb(OH)3 + (C00H)3 
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The acid prepared by this method is at first very dilute, but later 
the distillate contains 56% of formic acid. If anhydrous oxalic acid 
is employed from the beginning, formic acid of 95-98% content is 
obtained. 

To obtain anhydrous formic acid from the aqueous solution, the 
acid is neutralized with lead oxide or lead carbonate and the lead 
formate decomposed at 100° with HgS. 

Properties . — ^Formic acid is a mobile liquid which possesses a pun- 
gent odour and causes blisters on the skin. It melts at 8*4° and 
boils at 100*6°/760 mm. D^o == 1*2199. It mixes in all proportions 
with water, alcohol and ether, and yields the hydrate 4CH20a + SHgO, 
which boils at 107-1°, with dissociation into formic acid and water. 
Concentrated hot sulphuric acid decomposes formic acid into carbon 
monoxide and water. A temperature of 160° suffices to break up 
the acid into carbon dioxide and hydrogen. The same change may 
occur at ordinary temperatures by the action of finely-divided rho- 
dium, iridium, and ruthenium, but less readily when platinum sponge 
is employed. 

The aldehydic nature of formic acid explains its reducing property, 
its ability to precipitate silver from a hot neutral solution of silver 
nitrate, and mercury from mercuric nitrate, being itself oxidized to 
carbon dioxide : 




COg + HgO. 


Formates, excepting the sparingly soluble lead and silver salts, are readily 
soluble in water. Lead formate^ (HC02)2Pb, crystallizes in beautiful needles 
and dissolves in 36 parts of cold water. Silver formatet HCOgAg, rapidly blackens 
on exposure to light. 

Decomposition of Formates. — 1. The alkali salts, heated to 250°, are converted 
into oxalates with evolution of hydrogen: 

2HCO2K = (COaK)^ + Hg. 

2. Potassium formate, when heated with an excess of potassium hydroxide, 
decomposes with the formation of carbonate and the liberation of pure hydrogen ; 

H-COjK + KOH = KgCOs + H^. 

3. The ammonium salt, heated to 230°, passes into formamide ; 

H-COjNHj H-CONH^. 

280 “ 


It may be distilled under reduced pressure without decomposition. 

4. The silver salt and mercury salt, when heated, decompose into the metal, 
carbon dioxide and formic acid (C. 1905, II. 304) ; 

2HCOaAg = 2Ag + CO^ + H-COaH. 

5. The calcium salt, when heated with the calcium salts of higher fatty acids, 
yields aldehydes (p. 226). 

6. Zinc formate and other formates undergo an intramolecular dismutation 
when heated at about 240° with formation of formaldehyde in good yield (Ber. 
51, 1398): 

Zn(0-CHO)2 ZnCOg + HCHO. 

Esters of formic acid are prepared (1) from formic acid, alcohol, and 
hydrochloric or sulphuric acid; (2) from sodium formate and hydrochloric 
or sulphuric acid ; (3) from a mixture of formyl acetic anhydride, or acetyl 
formyl oxide, HCOOCOOHa, and alcohols (C. 1900, II, 314) ; (4) from glycerol, 
oxalic acid, and alcohol. They are agreeably-smelling liquids. 

Methyl formate, m.p. -- 100°, b.p. 32-5° (Ber. 33, 638). 
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Ethyl Jortmle, b.p. 54-4®* This ester serves in the manufacture of artificial 
rum and arrack, and for the union of the formyl group with organic radicals 
(see Formyl acetone, etc.). 

n-Propyl ester, b.p. 81°. n-Buiyl ester, b.p. 107°. For higher esters consult 
Ann. 233, 253 ; C. 1900, If. 314. AUyl ester, b.p. 90°. 

Formamide, HCO-NHa, b.p. 192-195°, with partial decomposition, b.p. 
90°/10 mm., is obtained (1) by heating ammonium formate (see above) to 230° 
(Ber. 12, 973 : 15, 980), or (2) ethyl formate with alcoholic ammonia to 100° ; 
(3) by boiling formic acid with ammonium thiocyanate (Ber. 16, 2291). It 
consists of a thick liquid, miscible with water, alcohol, and ether. Heated 
rapidly it breaks down into CO and NH 3 ; PgOg liberates hydrocyanic acid from 
it. It combines with chloral (p. 238) to form chloral fortnaniide, CCl 3 *CH(OH)* 
NHCHO, m.p. 118°, which is employed as a narcotic under the name “ chloral- 
amideJ'* 

Mercuric oxide dissolves in it with the formation of mercury formamide, 
(CHO*NH) 2 Hg. It is a feebly alkaline liquid, sometimes applied as a sub- 
cutaneous injection. For sodium formamide, see C. 1898, I. 927. 

Formethylamide, CHO'JSTH-CaHs, b.p. 199°, is obtained from ethyl formate, 
also by distilling a mixture of ethylamine with chloral : 

CCl 3 *CHO 4- NH^-CaHs = CHO-NH-CaHs + HCCI 3 . 

Formallylamide, h.p. 109°/15 mm. (Ber. 28, 1666). 

Formylhydrazine, HCO'NHNHa, m.p. 54°, is obtained from formic ester and 
hydrazine. It yields triazole (Ber. 27, R. 801) when heated with formamide. 

Diformylhydrazine, HCONH-NHCOH, m.p. 106°, is obtained from an excess 
of formic ester and hydrazine, when heated to 130° (Ber. 28, R. 242). Its lead 
salt with ethyl iodide yields diformyldiethylhydrazine (Ber. 27, 2278). 

Hydrocyanic acid, hydrogen cyanide, prussic acid, formonitrile, 
HCN, the nitrile of formic acid, was discovered by Scheele in 1782. 
Oay-lMssac, in 1811, obtained it anhydrous, in the course of his 
memorable investigations upon the radical cyanogen. In hydrogen 
cyanide he recognized the hydrogen derivative of a radical, consist- 
ing of carbon and nitrogen, for which he suggested the name cyanogens 
(Kvavog, blue, yewdm, to produce). 

It occurs free in aU parts of the Javanese tree, Pangium eduh, 
Reinw. (Ber. 23, 3548). It is obtained (1) from amygdalin (q.v.), a 
glucoside contained in bitter almonds, which, under favourable con- 
ditions, takes up water and breaks down into hydrocyanic acid, glucose, 
and benzaidehyde {Liebig and WoKkr, Ann. 22, 1) : 

CaoHa^NOii + 2HaO HCN -f OeHgCHO + 2C6HiaOe. 

Amygdalin." Benzaidehyde. Glucose. 

(2) By the action of phosphorus pentoxide on formamide : 

H-CONHa - HaO > HCN. 

(3) By the action of electric sparks on a mixture of acetylene 
and nitrogen (Berthelot) or by passing the mixture through an electric 
furnace (C. 1^2, I. 525} : 

CH: CH + Na ^ 2HCN. 

(4) By the action of the silent electric discharge on a mixture of 
cyanogen and hydrogen : 

(CN)a + Ha ^ 2HCN. 

(5) Anomonium cyanide is formed by heating chloroform with 
ammonia under pr^ure : 

CHCi, + 5NHj 


> NH*CN + SNH^Cl 
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(6) By boiling formaldoxime with water : 

OHj ; NOH ^ HCN* + H^O. 

(7) Hydrocyanic acid is prepared from metallic cyanides, usually 
potassium ferrooyanide, by the action of dilute sulphuric acid : 

2 K 4 Fe(CN )8 + 3H2SO4 = + 3K2SO4 + 6HNC. 

The aqueous acid thus obtained may be dehydrated by distillation 
over calcium chloride or phosphorus pentoxide. 

Properties. — Anhydrous hydrogen cyanide is a mobile liquid, b,p. 
26*5®, m.p. — 15°, Die = 0*697. It is an endothermic compound 
with a heat of formation — 27*5 Cals, per Mol., and under strong 
excitation can be caused to detonate. 

It possesses a peculiar odour resembling that of oil of bitter almonds, 
and is extremely poisonous. 

It is a feeble acid, imparting a faint red colour to blue litmus. 
Carbon dioxide decomposes its ^ali salts. Like the halogen acids, 
it reacts with metallic oxides, producing cyanides. From solutions 
of silver nitrate it precipitates silver cyanide, a white, curdy precipitate, 

Eeactions. — (1) The aqueous acid decomposes readily on standing, 
yielding ammonium formate and brown substances. The presence of 
a very slight quantity of stronger acid renders it more stable. When 
warmed with mineral acids it breaks up into formic acid and ammonia : 

HNC + 2 Hj ,0 = HCOOH + ITHa. 

(2) Dry hydrocyanic acid combines directly with the gaseous 
halogen acids to form crystaHine compounds (p. 289) (J.C.S. 1930, 
1834). The acid also unites with some metallic chlorides, e.gf. FeaCle» 
SbClg. 

(3) Nascent hydrogen (zinc and hydrochloric acid) reduces it to 
methylamine (p. 196). 

(4) Hydrocyanic acid unites with aldehydes and ketones to form 
cyanohydrins, the nitriles of a-hydroxy-acids. This rather important 
synthesis is especially interesting for the bxdlding up of the aldoses. 

(5) Hydrocyanic acid, or potassium cyanide, unites with many 
ajS-unsaturated carboxylic acids and ajS-olefine ketones, producing 
thereby saturated nitrilo-carboxylic acids and nitrilo-ketones (Ann. 
293, 338 : Ber. 37, 4065 : C. 1905, I. 171). 

(6) When hydrocyanic acid and hydrogen chloride react with many 
phenolic compounds in presence of anhydrous aluminium chloride, 
the aldimines of hydroxyaidehydes are formed and can be readily 
hydrolysed to the aldehyde (Oatterman : see also Vol. II) : 

CeHgOH + HON + [HCIJ CeH4(OH)‘CH : NH [HCl]. 

(7) Formimido ethers, NH : CH{Oil) (p. 288), are obtained in the 
form of their hydrochlorides by the action of HCl on a mixture of 
an alcohol and anhydrous HCN : formamidoxime, H*C(: NOH)NH 2 
(p. 289), is formed when an alcoholic solution of hydrocyanic acid 
and hydroxylamine is evaporated to dryness. 

Constitution of Hydrocyanic Acid. — ^Two formulae have to be con- 
sidered for hydrocyanic acid, for each of which a number of reactions 
afford support : 

(1) H*C ; N, in which the compound is represented as the nitrile 
of formic acid (nitrile formula). 
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(2) H'N : C, in which the compound is represented as the imine 
of carbon monoxide (t^onitrile formula). 

The first formula is supported by the formation from formamide 
and by the formation of ammonium formate on hydrolysis, and by 
the fact that methylation by diazomethane leads chiefly to the pro- 
duction of acetonitrile, CHa'C : N. On the other hand, a series of 
addition reactions with halogens, oxygen, sulphur agree better with 
the second formula, which was put forward by Nef . The high toxicity 
of hydrogen cyanide is also in keeping with the isonitrile formula. 

The use of physical methods has not succeeded in solving the 
constitution. The evidence so far supports the existence of an equi- 
librium : H*CN < > H*NC in free hydrocyanic acid, the equilibrium 

at ordinary temperatures being chiefly in the direction of the left- 
hand side, only traces of the iaonitrile being present under these 
conditions (J.C.S. 121, 1604 : see also J.C.S. 1928, 540 : discussion 
on the present knowledge of the subject, see Ber. 54, 1709). 

Polymerizatim of Hydrocyanic Acid, — ^When the aqueous acid stands 
for some time in contact with alkali hydroxides, or with alkali car- 
bonates, or if the anhydrous acid be mixed with a small piece of 
potassium cyanide, not only brown substances separate, but also white 
crystals, soluble in ether, and having the same percentage composi- 
tion as hydrocyanic acid. Inasmuch as they break down, on boding, 
into glycocoU, NH 2 -CH 2 C 02 H, carbon dioxide and ammonia, they are 
assumed to be the nitrile of arnirmmlonic acid^ (CN) 2 CHNH 2 (Ber. 7, 
767). They decompose at 180®, with explosion and partial re-forma- 
tion of hyirooyanie acid. 

I>eteciion . — ^To detect small quantities of free hydrocyanic acid or its soluble 
salts, the solution under examination is saturated with potassium hydroxide, a 
solution of a ferrous salt, containing some ferric salt is added, and the mixture is 
boiled for a short time. Hydrochloric acid is added to dissolve the precipitated 
iron oxides j if any insoluble Prussian blue should remain, it would indicate the 
presence of hydrocyanic acid. The following reaction is more sensitive. A few 
drops of yellow ammonium sulphide are added to the hydrocyanic acid solution, 
and this then evaporated to dryness. Ammonium thiocyanate will remain, and 
if added to a ferric salt, will colour it a deep red. 

Salts of Hydrocyanic Acid. — Cyanides and Double Cyanides . — 
The importance of the cyanides and double cyanides in analytical 
chemistry explains the reason for the discussion of hydrocyanic acid 
and its salts in inorganic text-books. In organic chemistry the 
metallic cyanides serve for the introduction of the cyanogeri group 
into carbon compounds (comp, acid nitriles, a-ketone acids, etc.). 

The alkali cyanides may be formed by the direct action of these 
metals on cyanogen gas ; thus, potassium burns with a red flame in 
cyanogen, at the same time yielding potassium cyanide, CgNa + Kg 
= 2E3 s[C. They are also produced when nitrogenous organic sub- 
stances are heated together with alkali metals. The strongly basic 
metals dissolve in hydrocyanic acid, forming cyanides. A more 
common procedure is to act with the acid on metallic oxides and 
hydroxides : 

HNC + KOH - KNC -f HgO ; 2HNC + HgO = Hg(CN)2 + 

The insoluble cyanides of the heavy metals are obtained by the double 
decomposition of the metallic salts with potassium cyanide. 



HYDEOCYANIC ACID 


287 


The cyanides of the light metals, especially the alkali and alkali 
earths, are easily soluble in water, react alkaline, and are decomposed 
by acids, even carbon dioxide, with elimination of hydrogen cyanide ; 
yet they are very stable and undergo no change even at a red heat. 
The cyanides of the heavy metals, however, are mostly insoluble, and 
are only decomposed by strong acids. When ignited, the cyanides of 
the noble metals undergo decomposition, breaking up into cyanogen 
gas and metals. 

The following simple cyanides are especially important in organic 
chemistry : 

Alkali Cyanides. — Sodium cyanide is manufactured by the action 
of carbon on sodamide (Castner’s process). The reaction takes place 
in two stages : 

(1) At 400". 2NaNH2 + C > 2 H 2 + Na-N : C : N-Na. 

(Sodium cyananiide.) 

(2) At 600". Na*N : C : N-Na + C > 2]SraCN. 

Various other methods are used for the preparation of sodium and 
potassium cyanides, which are described in text-books of Inorganic 
Chemistry. 

Reactions of ike Alkali Cyanides. — Their aqueous or alcoholic solu- 
tions become brown on exposure to the air, and decompose, more 
rapidly on boiling, into formates and ammonia. When fused in the 
air, as well as with easily reducible metallic oxides, the salts take up 
oxygen and are converted into cyanates (g.v.). On being melted with 
sulphur they form thiocyanates {q,v.). When the alkyl halides or 
salts of alkylsulphuric acids are heated with potassium cyanide, acid 
nitriles with varying amounts of isomeric carbylamines, or isonitriles 
are produced. Many organic halogen substitution products are con- 
verted into nitriles through the agency of potassium cyanide. Ethyl 
hypochlorite and potassium cyanide yield chlorimidocarbonic ester 
(Ann. 287, 274). 

Ammonium cyanide, NH4NC, is formed by the direct union of HNC with 
ammonia, by heating carbon in ammonia gas ; by the action of ammonia on 
chloroform (p. 290) ; by the action of the silent electric discharge on methane 
and nitrogen ; and by conducting carbon monoxide and ammonia through red- 
hot tubes. It is best prepared by subliming a mixture of potassium cyanide 
or dry ferrocyanide with ammonium chloride. It consists of colourless cubes, 
easily soluble in alcohol, and subliming at 40°, with partial decomposition into 
NH3 and HNC. When preserved it becomes dark in colour and decomposes. 
It unites with aldehydes and ketones with the elimination of water to form 
a-aminonitriles, e.g. with formaldehyde it forms methyleneaminoacetonitrile, 
CH3 : N-CHjj-CN. 

Mercuric cyanide, Hg(CN)2, is obtained by dissolving mercuric oxide in 
hydrocyanic acid, or by boiling Prussian blue (8 parts) and mercuric oxide (1 
part) with water until the blue coloration disappears. It dissolves readily 
in hot water (in 8 parts cold water), and crystallizes in bright, shining, quadratic 
prisms. When heated it yields cyanogen and mercury. It forms acetyl cyanide, 
CHs*CO*CN, with acetyl chloride. 

Silver cyanide, AgNC, combines with alkyl iodides to yield addition products, 
which pass into «>onitriles when they are heated (p. 293 ; C. 1903, II. 827). 

The chief use of potassium cyanide is in the preparation of acid 
nitriles of various kinds, by reaction with alkyl halides, alkyl sulphates, 
and halogen substitution products of the fatty acids. In many in- 
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stances mercury cyanide or silver cyanide is preferable, e,g, in the 
formation of oc-ketonic nitriles from acid chlorides or bromides. It is 
interesting to note that by the interaction of alkyl iodides and silver 
cyanide or carbylamines are formed ; in them the alcohol 

radical is joined to nitrogen. 

Compound Metallic Cyanides.— The cyanides of the heavy 
metals, insoluble in water, ^ssolve in aqueous potassium cyanide, 
forming crystallizable double cyanides, which are soluble in water. 
Most of these compounds behave like double salts. Acids decompose 
them m the cold, with liberation of hydrocyanic acid and the precipi- 
tation of the insoluble cyanides : 

AgCN-KCN + HNO 3 = AgCN + KNO 3 + HNC. 

In others, however, the metal is in more intimate union with the 
cyanogen group, and the metals in these cannot be detected by the 
usual j^reagents. Iron, cobalt, platinum, also chromium and man- 
ganese in their most highly oxidized state, form cyanogen derivatives 
of this class. The stronger acids do not eliminate hydrocyanic acid 
from them, even in the cold, but the corresponding acids are set free, 
and these are capable of producing salts : 

K^FeCCN)^ + 4HC1 := K^FeiCNU + 4KC1. 

The most important compound metallic cyanides, particularly 
potassium ferrocyanide or yellow prussiate of potash, and potassium 
lerricyanide or red prussiate of potash, are described in inorganic 
text-books. 

Hydroferrocyanic acid, H 4 re(CN) 6 , is precipitated by ether, from 
its solution in alcohol, as a pure white compound with ether (C. 1900, 
II. 1151). This is decomposed at 90® in vacuo. It is assumed that 
the union with ether occurs at the oxygen atom, which behaves as 
a tetravalent atom (comp. p. 156 : Ber. 34, 3612 : 35, 93) : 

esterification of H 4 Fe(CN) 6 , see Monatsh. 48, 71. 

Sodium Nitroprusside,Fe(CN) 5 (NO)Na 2 + 2 H 2 O.— Hydronitro- 
prussic acid is formed when nitric acid acts on potassium ferrocyanide 
(C. 1897, 1. 909). The filtrate from the potassium nitrate is neutralized 
with sodium carbonate, and yields the sodium salt in beautiful red 
rhombic prisms, easily soluble in water. 

It serves as a very delicate reagent for alkali sulphides and 
hydr<^en sulphide, with which it gives an intense violet coloration. 


Formmido-e^rs, fomthydroxamic acid, Jormyl chloridoxime, methyl nitrolic 
wMtSormamidine, ihioforTnethylimide, and formamidoxime are intimately related to 
hydrocy^c acid and formamide. They are representatives of groups of bodies 
which will be discussed in connection with acetic acid and its homologues. 

The formimido^ethers, such as HC<^g*^5^are only known in the form of 

hydrochlorides. They are obtained from hydrocyanic acid, alcohol and HCl 
<Ber. 16, 354, 1644); 

HC=N + C»H,OH + HCl = 


If a mixture of mercuric cyanide and chloride be treated with HCl gas in 
abohol-ethw solution, a double salt results, [HCtOCaHg) : KHjHCi-HgCU (C. 
1904, L 1064). 


Hpmi standing in contact with alcohols they pass into esters of orthoformio 
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acid {q>v.). They yield ainidines with ammonia and amines (primary and 
secondary). 

oxr 

Thioformethylimide, jg- , b.p. 125V14 mm., is produced by the 

union of ethyl tsocyanide, in alcoholic solution, with hydrogen sulphide. It is a 
yellow oil (Ann. 280, 297). 

Thioformic acid, HCO*SH, is obtained as its sodium salt when formic 
phenyl ester (Vol. II) is hydrolysed with alcoholic NaSH. The free acid is a 
very unstable liquid, which quickly polymerizes (C. 1905, I. 20). 

Formamidine, is only known in the form of salts. Its hydro- 

chloride is obtained (1) by the action of ammonia on formimidoethyl ether 
hydrochloride (Ber. 16, 375, 1647) : 

+ HOC,H,. 

(2) from formimide chloride, the addition product of hydrochloric acid and 
hydrocyanic acid, when it is digested with alcohol : 

2HC<^ + SCjHsOH = + C^H^Cl + HCOAH,. 

Formhydroxamlc acid, “-P* 80°, is produced when equimole- 

cular quantities of formic ester and hydroxylamine are allowed to stand in a 
solution of absolute alcohol ; also, by the oxidation of methylamine with per- 
sulphuric acid (comp. p. 196) (Ber. 35, 4299). It forms brilliant leaflets, which 
dissolve readily in water and in alcohol, but sparingly in ether. At temperatures 
above its melting-point violent decomposition takes place, a change which occurs 
slowly and completely at ordinary temperatures. The acid yields an intense 
red coloration with ferric chloride. It reduces Fehling’s solution, and its 
mercury salt in dry condition explodes when it is rubbed ; copper salt, HCNOjCu 
(comp. Ber. 33, 1976). It has been suggested as the first stage in the phpto- 
synthesis of amino-acids (J.C.S. 121, 1078). 

Formyl chloridoxime, Formoximinochlonde, is -a beautifully 

crystalline, very easily decomposed compound, with a sharp, penetrating odour. 
It is produced when fulminates (p. 294) are treated, in the cold, with concentrated 
hydrochloric acid. It dissolves in ether. When its solution is warmed with 
concentrated hydrochloric acid, it rapidly decomposes into formic acid and 
Jiydroxylamine hydrochloride : 

HC<Q]p^ + + NHjOHHCa. 

In aqueous solution the compoimd readily reverts to fulminates. Silver 
nitrate changes it to silver fulminate and silver chloride. Aniline converts it into 
phenyl tsouretine (Vol. II), and with ammonia it yields cyanoisonitrosoacet- 
hydroxamic acid, a derivative of mesoxalic acid (Ann. 280, 303). 

Acetyl formyl chloride oxime is obtained from the product of reaction between 
acetic anhydride, formhydroxamic acid and PCI5. Silver nitrate converts it 
into silver fulminate, silver chloride, and acetic acid (Ann. 310, 19 ; Ber. 38, 
3858). 

NO 

Formonitroxime, MethylnitroUc acid, prepared from : (1) 

nitromethane (p. 180) and nitrous acid, and (2) tsonitrosoacetic acid (p. 460) and 
N2O4. It is decomposed by boiling with water or dilute acids into NgO and 
formic acid, and into HNO2 and fulminic acid (p. 294) (Ber. 40, 418). 

Formamidoxime, isoUretin, ^‘P^ 114®, is isomeric with urea, 

CO(NH2)2* It results from the evaporation of an alcoholic solution of hydroxyl- 
amine and hydrogen cyanide {Loasen and Schifferdecker, Ann. 166, 295). 

Methylisouretin, NHaCHiNOCHg, m.p. 40°, is prepared from wouretin, 
alkali hydroxide, and iodomethane (Ann. 310, 2). 

Formazyl hydride, , m.p. 119-120°, is obtained from 

formazyl carboxylic acid (see p. 542). 

VOL. I. 
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Derivatives of Orthoformic acid. 

Orthoformic esters are formed (1) when chloroform is heated with sodium 
alcoholates in alcoholic solution {WUHamson and Kay, Ann. 92, 346) : 

CHCI3 + SCHa-ONa = CH(OCH3)3 + 3NaCl ; 

(2) when formimido-ethers (p. 288) react with alcohols, mixed esters being also 
produced {Pmner, Ber. 16, 1645) : 

+ 2 CHsOH = + NH 4CI. 

They are converted by alcoholic alkali hydroxides into alkali formates, and 
by glacial acetic acid into acetic esters and ordinary formic esters. Orthoformic 
ester changes ketones and aldehydes into ortho-ethers, e.g. (CH3)2C(OC2H5)3 
(p. 266), and acetal, CH3‘CH{OC2Hs)2 {p. 241), and at the same time, is converted 
into ordinary formic ester (Ber. 29, 1007), Orthoformic ester, in the presence of 
acetic anhy^ide and aided by heat, combines with acetyl acetone, acetoacetic 
ester and malonic ester to yield ethoxymethylene derivatives (Ber. 26, 2729). 

Methyl orthoformate, CH(OCH3)3, b.p. 102°. Ethyl ester, CH(OC2H5)3, b.p. 
146°. AUyl ester, b.p. 196-205° (Ber. 12, 115). 

Orthothioformic ester, C/H(SC2H5)3, b.p. 116°/10 mm., is prepared from 
formic acid ester, or amide, by the action of ethyl mercaptan and hydrochloric 
acid ; also from chloroform and sodium mercaptide. It is a colourless oil of 
unpleasant odour. It is very stable towards alkalis, but is hydrolysed by acids. 
Permanganate decomposes it into ethanesulphonic acid and methylene diethyl 
sulphone (Ber. 40, 740). 


Chloroform, TncMorometMne, GHCI3, m.p. — 62® (Ber. 26, 1053), 
b.p. 61*5®, Dig = 1*5008, is obtained: (1) by the chlorination * of 
CH4 or CH3CI ; (2) by the action of bleaching powder on different 
carbon compounds— e.g. ethyl alcohol, acetone, etc. ; (3) by heating 
chloral (p. 238) and other aliphatic bodies having a terminal CCls- 
group— e.g. trichloroacetic acid and trichlorophenomalic acid (g.v.) — 
with aqueous potassium or sodium hydroxide : 

CCI3CHO + KOH = CHCls + HCO3K. 

Chloral. Potassitim 

formate. 

Chloroform is prepared technically by treating alcohol and acetone with 
bleaching powder which acts' both as an oxidizing and chlorinating substance. 
The resulting CCla'CHO or CHs-CO-CClj is decomposed by lime (Mechanism of 
the Reaction ; Zincke, Ber. 26, 501, note). Pure chloroform can be obtained 
by decomposing pure chloral with potassium hydroxide ; or by freezing out 
crystals of chloroform and centrifugation (R. Pictet). Perfectly pure chloroform 
results in the decomposition of salicylide-chloroform {Anschutz, Ann. 273,73). 

Historical . — Chloroform was discovered in 1831 by Idebig and Soubeiran, 
It was not until 1835 that Dwmas proved conclusively that it contained hydrogen. 
In 1847 Simjpson, of Edinburgh, introduced chloroform into surgery. 

Properties . — Chloroform is a colourless liquid of an agreeable 
ethereal odour and sweetish taste. It is. an excellent solvent for 
io^e and many organic substances, some of which crystallize out 
with “ chloroform of crystallization,” e.g. salicylide-chloroform (see 
above). Chloroform seems to enter into a loose combination with 
ether, which is evidenced by a rise of temperature when the two 
liqmds are mixed. Inhalation of its vapours produces anaesthesia. 
It is uniofiammabie. It forms CgCU when it is conducted through 
tubes heated to redness. 


R€aci%om.-~^ll) Chloroform is oxidized by the prolonged action of sunlight in 
p^nce of the oxygen of the air to phosgene (C. 1905, II. 1623). To prevent 
this a^ut one per cent, of alcohol is added. Chromic acid also converts chloro- 
form anto this pho^ne. 
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( 2 ) Chlorine converts chloroform into CCI 4 . 

(3) When heated with aqueous or alcoholic potassium hydroxide it forms 
potassium formate (p, 283) and carbon monoxide. The latter is probably a 
product of reaction with the ; CCI 2 group, which is formed by the expulsion of 
HCl from the chloroform by the action of the alkali. It then unites with the 
alkali, whereby the more formic acid is produced the higher the temperature of 
reaction (Ann. 302, 274) : 

CHCt^ + 4KOH = HCOOK + 3KC1 + 2 H 2 O. 

(4) ^Orthoformic acid ester, CH( 0 ‘C 2 H 5 ) 3 , is produced when chloroform is 
treated with sodium alcoholate. 

(5) When heated to 180° with alcoholic ammonia, it forms ammonium cyanide 
and chloride. When potassium hydroxide is present, an energetic reaction takes 
place at ordinary temperatures as follows : 

CHCI 3 -h NH 3 + 4KOH = KNC + 3KC1 + 4 H 2 O. 

( 6 ) ^aoNitriles (p. 293), having extremely disgusting odours, are formed when 
chloroform is heated with primary bases and potassium hydroxide. This reaction 
serves both for the detection of chloroform and also of the primary amines. 
{Carhylamine reaction,) 

(7) Chloroform yields an additive product with acetone, trichIoro-ie?'i. -butyl 
alcohol. 

(8) It is converted by sodium acetoaeetic ester into m-hydroxyuvitic acid 
(Vol. II). 

(9) Aromatic hydroxyaldehydes are produced when chloroform is digested 
with phenols and sodium hydroxide (Jiemer-Tieman?i reaction, see Vol. II), e.g . ; 

CgHgOH + CHCI 3 + 4KOH > CeH 4 (OH)-CHO + 3KCI + SHgO. 

Phenol. Salicylaldehyde. 

Bromoform, CHBrg, m.p. 7*8°, b.p. 151°, D15 = 2*9, is produced 
by the action of bromine and KOH or lime (Lowig, 1832) on alcohol 
or acetone ; by electrolysis of a solution of acetone and potassium 
bromide (0. 1902, I. 455 : 1904, II. 301) ; from chloroform and 
aluminium bromide (C. 1900, I. 1201 : 1901, I. 666) ; and also from 
tribromopyroracemic acid (g'.v.). 

Iodoform, CHI 3, m.p. 120°, is formed when iodine and potassium 
hydroxide act on ethyl alcohol, acetone, aldehyde and other substances 

containing the group CHs^C^O — Pure methyl alcohol does not 

yield iodoform (Ber. 13, 1002). 

The formation of tri-iodoaldehyde and tri-iodoacetone precedes the 
production of the iodoform. These substances are very unstable in 
the presence of alkalis. When tri-iodoacetic acid is warmed with acetic 
acid, or when it is treated with alkali carbonates, it breaks down into 
iodoform and carbon dioxide. Iodoform can be obtained by electro- 
lysis of an aqueous solution of KI, NaaCOa and alcohol, or KI and 
acetone (C. 1897, II. 695 ; 1898, I. 31 : 1900, II. 19 : 1904, I. 995). 
Acetylene-mercury chloride, CaHa-HgCla, also yields iodoform when 
acted on by iodine and alkali (C. 1902, II. 1499). 

Iodoform crystallizes in brilliant, yellow leaflets, or hexagonal 
plates (C. 1899, I. 189 ; 1901, II. 23), soluble in alcohol and ether, 
but insoluble in water. Its odour is saffron-like. It evaporates at 
medium temperatures and distils in steam. Digested with alcoholic 
KOH, HI, or potassium arsenite, it passes into methylene iodide (p. 
243). Light and air decompose iodoform into CO 2 , CO, 1, and water 
(C. 1905, II. 1718). 
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Historical. — Iodoform was discovered in 1832 by Sernltas, Dumas, in. 1834, 
proved that it contained hydrogen, and in 1880 it was applied by Mosetig- 
Moorhof in Vienna in the treatment of wounds. 

Fluoroform, CHF3, is obtained from silver fluoride and chloroform, or better, 
iodoform mixed with sand. It is a gas (Ber. 23 , R. 377, 680 : C. 1900, I. 886). 
Fiuorochloroform, CHCIoF.,b.p. 14*5®; fluorochlorobromoform, CHOlFBr, 
b.p. 38® (Ber. 26 , R. 781"). 

Nitroform, CH(N02)8, has been described already, in connection with the 
nitroparaffins (p. 186). 

Methanetrisulphonic SLcid^fonnyltrisulphonic acid, CH(S03H)8, is produced 
by the action of sodium sulphite on chloropicrin, CCl8(N02) {g.v.), and when 
fuming sulphuric acid acts on calcium methane suiphonate (p. 176). The acid 
is veiy stable, even in the presence of boiling alkalis (C. 1899, I. 182). 

In this connection may be mentioned also dibromonitromethane (p. 182), 
nitromethane disulphonic acid (Ann. 161 , 161), and hydroxymethane disulphonic 
acid, CH(0H)(S03H)2 (Ber. 6, 1032) ; diehloromethane monosulphonic acid, 
dichloromethyi alcohol (known only as acetic ester). 

CARBON MONOXIDE, isoNITRILES AND FULMINIC ACID 

Carbon monoxide, CO, m.p. — 211°, b.p. — 190°/760 mm., 
critical temperature — 141°, critical pressure 35 atmospheres, a colour- 
less, combustible gas, the product of the incomplete combustion of 
carbon, is discussed in inorganic text-books. The methods for its 
production and its reactions, which are of importance in organic 
chemistry, will again be briefly reviewed. Carbon monoxide is 
obtained (1) from formic acid, oxalic acid, a-ketonio acids such as 
pyroracemic acid and benzoyl formic acids (Vol. II) ; (2) from a- 
hydroxy-acids such as glycoUic acid, lactic acid, malic acid, citric 
acid, and mandelic acid (Vol. II) ; (3) from tertiary carboxylic acids 
of the formula RgC-COOH, such as trimethylacetic acid (p. 305), tri- 
phenylacetic acid (Vol. 11), camphoric acid, cineolic acid (Vol. II), 
by the action of concentrated or fuming sulphuric acid (comp. Ber. 
39, 51). It is also made from hydrocyanic acid if, in preparing the 
latter from potassium ferrocyanide, K4Fe(CN)6*3H20, concentrated 
sulphuric acid be substituted for the more dilute acid ; in this manner 
the hydrocyanic acid is changed to formamide, and the latter immedi- 
ately breaks down into ammonia and carbon monoxide. Formamide 
yields carbon monoxide on the application of heat. 

Meactions. — (1) Carbon monoxide and hydrogen exposed to the in- 
fluence of electric discharges yield methane (p. 92). Being an un- 
saturated compound, carbon monoxide unites (2) with oxygen, giving 
a feebly luminous but beautifully blue flame, forming carbon dioxide ; 
(3) with sulphur yielding carbon oxysulpMde ; and (4) with chlorine, 
to form carbon oxychloride or phosgene. It also combines directly 
with certain metals. (5) With potassium it forms the potassium deriva- 
tive of hexahydroxybenzene) C6(OK)e (see Vol. II). (6) Carbon mon- 
oxide is absorbed by sodium alkyls with the formation of dialkyl 
ketones, tertiary alcohols and other products (Ber. 52, 1910). (7) 
With nickel it yields nickel carbonyl, Ni(CO) 4 , b.p. 43° (Mond, Quincke, 
and Lancet, Ber. 23, R. 628: C. 1903, I. 1250: 1904, II. 1111); 
(8) With iron it yields iron carbonyl, Fe(CO) 5 , b.p. 102° (C. 1906, I. 
333 : 1907, I. 1179). It forms (9) alkali formates with the alkali 
hydroxides (p. 282), and (10) . with sodium methoxide and sodium 
ethoxide it yields sodium acetate and propionate. 



CARBON MONOXIDE 


293 


The acetal corresponding to carbon monoxide, diethoxy- 
methylene, C(OEt) 2 , b.p. 77®/760 mm., is obtained from ethyl for- 
mate by the following series of reactions : 

NaOEt POOL NaOBfc 

H-COaEt > C(ONa){OEt) > CCl(OEt) C(OEt) 3 , 

It is a colourless liquid, broken down by acids into carbon mon- 
oxide and two mols. of alcohol (Ber. 60, 554). 

Carbon monosulphide, CS, is not known (Ber. 28, R. 388). 

The ^socyanides {isonitriles, carbylamines) are isomeric with the 
nitriles or alkyl cyanides, but differ from them in having the alkyl 
group linked to nitrogen : 

KCN RNC 

Nitrile. isoCyanide. 

They were first prepared by Gautier (Ann. 151, 239). The first 
step is the action of an alkyl iodide (1 mol.) on silver cyanide (2 mols.), 
the second step the decomposition of the addition compound between 
the ^5onitrile and the silver cyanide by distillation with potassium 
cyanide. 

la. C 2 H 5 I -f 2AgCN = CaHsNC-AgCN -1- Agl 

16. CgH^NC-AgCN + KCN == CgHfiNC 4- AgCN-KCN. 

Shortly afterwards, A. W. Hofmann (Ann. 146, 107) found that 
wnitriles were produced by digesting chloroform and primary amines 
with alcoholic potassium hydroxide : 

2 . CaHgNHa + CHCI 3 + SKOH = C 3 H 5 NC + 3KC1 + SH^O. 

3. The isonitriles are produced as by-products in the preparation 
of the nitriles from alkyl iodides or sulphates and potassium cyanide. 

Properties. — ^The carbylamines are colourless liquids which can be 
distilled, and possess an exceedingly disgusting odour. They are 
sparingly soluble in water, but readily soluble in alcohol and ether. 

Beactions. — (1) The isonitriles are characterized by their decom- 
position by dilute acids into formic acid and primary amines. This 
reaction proceeds readily by the action of dilute acids (HCl), or by 
heating with water to 180® : 

CgHs-NC 4 2 H 2 O = C 3 H 5 NH 2 -h HCO 3 H. 

(2) With fatty acids the «>onitriles yield fatty acid alkylamides* 

(3) The ^ 5 onitriles, like hydrocyanic acid (p. 285), form crystalline 
derivatives with HCl ; these are probably the hydrochlorides of alkyl 
formimide chlorides, 2CH3NC’3HCl = [CH3N : CHClJaHCl, which water 
decomposes into formic acid and amino- bases. 

(4) Mercuric oxide changes the i^onitriles into tsocyanic esters, 
CsHsN—CO, with the separation of mercury, while PS 5 produces 
^5othiooyanates . 

(5) Heat converts the isonitriles into the normal nitriles, RC : N, 
with intermediate polymerization products (C. 1907, I. 948). 

(6) Alkyl iodides and metallic cyanides unite with the isonitriles 
to form double compounds (see above) ; RNC-CNAg can be looked 
on as being an ester of a hy<^osilvereyaiiic acid, Hx4g(CN)2 (G. 1903, 
II. 827 : 1907, I. 948). 

Methyl ^socyanide, Methyl carbylamine, CH3NC, b.p. 59°. Ethyl Mocyanide, 
JEthyl oarbylaminej C 2 H 5 NC, b.p. 79°, wlien heated at from 230° to 250°, undergoes 
atomic rearrangement into propionitrile. It combines with chlorine to yield 
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ethylimidocarbonyl chloride, a derivative of carbonic acid; similarly, with 
bromine to form ethyl carbylamine bromide (C. 1904, 11. 29). With HjS it 
forms thioformethylimide (p. 289) and with acetyl chloride it produces ethyl- 
imidopyruvyl chloride, a derivative of pyroracemic acid (Ann. 280 , 291). n- 
Propyl 4>ocyanide, b.p. 98°. n-Butyl i^ocyanide, b.p. 119° (C. 1900, II. 366). 

Structure of the \&oNitriUs. — ^From the hydrolysis of the ^ 5 onitriles 
to formic acid and a primary amine, as opposed to the hydrolysis of 
the nitriles to a fatty acid and ammonia, it is evident that the alkyl 
group in the tsonitriles must be linked to nitrogen. The original 
formula given to these compounds was R*N : 0, but Nef (Ann. 270, 
267) suggested in 1892 that the properties of the compounds were 
better represented by the formula RN : C, which is in accord with 
the fact that in all addition reactions in which these compounds take 
part, the addition takes place entirely to the carbon atom and not 
to the C : N linking. A more recent formula, showing the compounds 
as containing a co-ordinate link, was suggested by Langmuir ( J. A.C.S. 
41, 1543), and Sidgwick and others (J.C.S. 1930, 1876) have obtained 
definite evidence in favour of Langmuir’s formula by measurements 
of the parachors and dipole moments of the i^ocyanides. 

The compounds can therefore be best represented by the formula 
containing a co-ordinate link, R — ^N=C. 

Fulminic acid, (Carbyloxime), C : NOH,* is the oxime corresponding to 
carbon monoxide, and possesses the properties of a strong acid (iJ. Scholl, Ber. 
23 , 3506 : Nef, Ann. 280 , 303 ; comp, also, Ber. 27 , 2817). The fulminates 
have the same percentage composition as the salts of cyanic acid, and constitute 
one of the first examples of isomeric compounds (Liebig, 1823). Little is known 
about the free acid. Its odour is very similar to that of hydrocyanic acid, and 
is as poisonous. The acid is formed when the fulminates are decomposed by 
strong acids. It combines quite readily with the latter, — e.g. it yielck formyl 
chloridoxime with hydrochloric acid (p.' 289), which breaks down very easily 
with the formation of fuhninic acid. The reaction of the fulminates with hydro- 
chloric acid affords some insight into the constitution of fulminic acid itself. 
First, hydrochloric acid unites directly and salts of formyl chloridoxime arise, 
from which, by the absorption of water, formic acid and hydroxylamine are 
formed : 

C=NOAg+ = 

+ HCl = + AgCI. 

+ 2HsO = HCOjH + NHjOHHCL 

Polyynerizatwn of Fulminic Acid. — ^Free fulminic acid is unstable and even 
in ether or water solution undergoes polymerization with liberation of energy. 
The principal product is the trimerie metafulminurie acid, first prepared by 
Bcholvien and later shown to have the constitution I (diisonUrosoisoxazolone) 
by Wieland (Ber. 42 , 1346). In much smaller quantity the tetrameride iso- 
cyanllic acid is formed, for which Wieland has established the constitution II 
(diozime of furoxandialdehyde) ( Wieland, Ann. 444 , 7 : Scholvien, J. pr. Chem. 
32 , 477) : ^ 

CH--C : NOH HON ; CH-~C-~C-.CH : NOH 
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The fulminuric acid (C ; NOH )3 of Liebig (see p. 296) and the so-called 
fulminuric acid of Ehrenberg (J. pr. Chem. 30, 98), later identified as oxyfurazan- 
carbonamide (Ann. 392, 196), are secondary products from metafulminuric acid. 

The most important of the salts is mercury fulminate, which is employed, 
technically, as a detonating agent. 

Historical. — ^Mercury fulminate was first obtained by Howardt in 1800, by 
the interaction of a solution of mercuric nitrate and alcohol. In 1824, Liehig 
and Gay-Lussac showed that silver fulminate possesses the same percentage 
composition as silver cyanate, discovered by WGhUr in 1822--7-an observation 
which paved the way for the recognition of the phenomenon of isomerism (p. 34), 
Kekule (1856) considered fulminic acid to be nitro -acetonitrile, NOaCHgCH, an 
assumption which could not be sustained, since in 1883 Ehrenberg and OarstanjeTf 
and also Steiner^ found that all the nitrogen in fulminic acid appears as hydro- 
xylamine when the acid is treated with hydrochloric acid. Steiner ascribed to 
fulminic acid the formula C(NOH) : C(NOH). In 1890, however, B. Scholl put 
forward the formula C=NOH, indicating that fulminic acid is the oxime of 
carbon monoxide; this Nef completely substantiated in 1894 by thorough 
experimental investigation (Ber. 33, 51). ^ 

Mercury fulminate, (C— N* 0 ) 2 Hg -j- (Ber. 18, R. 148), is formed 

(1) by the action of alcohol (Ber. 9, 787 : 19, 993, 1370), acetaldehyde, dimethyl 
acetal or malonic acid (C. 1901, II, 404) on a solution of mercury in excess of 
nitric acid which contains oxides of nitrogen (Ber. 38, 1345) ; (2) by the addition 
of a solution of sodium nitromethane to a mercuric chloride solution: 

+ HgClj = (C=NO) 2 Hg + 2HjO + 2NaCl. 

There is always produced at the same time a yellow basic salt, 

=NO) 2 Hg, which is the sole product obtained on pouring a solution of mercuric 
chloride into a solution of sodium nitromethane. This yellow salt is also very 
explosive. 

(3) By boiling methyl nitrolic acid (p. 289) with dilute nitric acid in presence 
of mercury salts. This reaction indicates the course of the formation of fulminic 
acid from alcohol (Ber. 40, 421) : 

0 HNOa TT 0 TT hno, 

CHs-CHgOH > CH3CHO > HON : CJ<gfjQ HON : C<qqq jj ^ 

Alcohol. Aldehyde. isoKitroso- iaoNitroso- 

acetaldehyde. acetic acid. 

HON : C<QQ§jj HON : C<h°* ^ ® 

Nitrolic acetic Methyl nitrolic Fulminic acid, 

acid. acid. 

The formation of fulminic acid from malonic acid (p. 542) proceeds similarly 
to the above. 

Fulminating mercury crystallizes in shining, white needles, which are fairly 
soluble in hot water. It explodes violently on percussion, and also when acted 
on by concentrated sulphuric acid. Concentrated hydrochloric acid evolves CO 2 , 
and yields hydroxylamine hydrochloride and formic acid, a reaction well adapted 
for the preparation of hydroxylamine (Ber. 19, 993). 

Chlorine gas decomposes mercury fulminate into mercuric chloride, cyanogen 
chloride and CClgNOg. Aqueotis ammonia converts it into urea and guanidine 
(see acetyl isocyanate). Silver fulminate in benzene solution is converted by 
aluminium chloride into jS-benzaldoxime (Ber. 32, 3492). 

* Silver fulminate, C : NOAg, white needles, is prepared after the manner of 
the mercury salt, and is even more explosive than the latter. It is also prepared 
from acetoformyl chloridoxime (p. 289) and AgNOg : 

pr EAgNOa 

g>C-=NOCOCH 3 ^ AgCl + CNOAg -f HOCOCH 3 . 

Fotassium chloride precipitates from hot solutions of silver fulminate one 
atom of silver as chloride, and the double salt^ CgNgOgAgK, crystallizes from the 
solution. Nitric acid precipitates from this salt acid silver Julmirmte^ CgNaOgAgH, 
a white, insoluble precipitate. On boiling mercury fulminate with water and 
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copper or zinc, metallic mercury is precipitated and copper and zinc fulminates 
(C 2 N 2 O 2 CU and CgNgOaZn) are produced. 

Sodium fuUninate, C : NONa, is obtained when mercury fulminate is 
digested with sodium amalgam in alcohol. It crystallizes in fine needles, is 
explosive and poisonous. Examined by the freezing-point method, its molecule 
is found to be a simple one (Ber. 38, 1355 : Ann. 298, 345). A solution acidified 
with sulphuric acid yields to ether a crystalline explosive acid (CNOH) 3 . Sodium 
fulminate is converted to an eater (CNOCH 3 ) 3 , m.p. 149°, by means of dimethyl 
sulphate (C. 1907, I. 27). 

In the formation of salts and double salts fulminic acid behaves much like 
hydrocyanic acid. This is readily understood if hydrocyanic acid be regarded 
as hydrogen ^socyanide, C=NH. Sodium ferrocyanide corresponds with sodium 
ferrofulminate, {C=NO) 3 FeNa 4 4- ISHgO, which is produced by bringing to- 
gether a solution of sodium fulminate and ferrous sulphate (Ann. 280, 335). It 
consists of yellow needles. 

CBr^NO 

The compound dibromofuroxan (dibromogly oxime peroxide) | ^0, 

CBr=]Sf 

m.p. 60°, regarded by its discoverer Kekul4 (Ann. 105, 291) as dibromonitro- 
acetonitrUe, is formed by the action of bromine on mercury fulminate. It has 
later been shown by Wieland to be a furoxan derivative (Ann. 358, 56 : Ber. 
42, 4192). This body, when heated with hydrochloric acid, passes into HBr, 
NHg, NHgOH and oxalic acid. Aniline probably converts the dibromide into 
the dioxime of oxanilide (CgH 6 NHC=NOH) 2 . 

VnlndnuTic SLCid^ Nitrocyariacetamidef C 3 N 3 O 3 H 3 = CN*CH(N 02 )C 0 NH 2 » is 
a derivative of tartronic acid. Its alkali salts are obtained by boiling mercuric 
fulminate with potassium chloride or ammonium chloride and water. The sodium 
salt is converted, by a mixture of sulphuric and nitric acids, into trinitroaceto- 
nitrile. The free acid is obtained by decomposing the lead salt with hydrogen 
sulphide. It defiagrates at 145°. Especially characteristic is the cuprammonium 
salt, CsN80gH3(Cii5TH3), which consists of glistening purple-coloured prisnas, 
(Comp. Cyanurio acid.) 

Ethyl iodide converts the silver salt at 80-90° into the ethyl ester, CsHaNgOg* 
(OCgHa), m.p. 133°, which is changed into desoxyfulminuric acid, cyanoiso- 
nitroao-acetamide, C 3 N 3 H 3 O 2 = CN‘-C( : NOH)CONH 2 , m.p. 184° (Ann. 280, 331), 
a mesoxalic acid derivative, when boiled with water and alcohol. 


THE FATTY ACIDS, C„H2n-n G00H 

The acids of this series are known as fatty acids, because their 
higher members occur in the natural fats. The latter are esters of the 
fatty acids, with glycerol, a trihydric alcohol. On boding them with 
potassium or sodium hydroxide, alkali salts (soaps) of the fatty acids 
are formed, and from these the mineral acids liberate the fatty acids. 
Hence, the process of converting an ester into an acid and an alcohol 
has been termed saponification. This term, or more usually, and 
preferably, the term hydrolysis, is applied to the conversion of other 
derivatives of the acids into the acids themselves — e.g, the conversion 
of nitriles into the corresponding acids. 

The lower acids (with exception of the first members) are oils ; the 
higher, commencing with capric acid, are solids at ordinary tempera- 
tures. The first can be distilled without decomposition ; the latter 
are partially decomposed, and can only be distilled without alteration 
under reduced pressure. Only the first members are volatile in steam. 
Acids of similar structure show an increase in their boiling points of 
about 19° for each increase in CHg. The melting points are higher 
in acids with an unbranched carbon chain, containing an even num- 
ber of carbon atoms, than in the case of those having an odd number 
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of carbon atoms. The dibasic acids exhibit the same characteristic. 
With increase in the length of the carbon chain, the specific gravities 
of the acids grow successively less, and the acids themselves at the same 
time approach the hydrocarbons in character. The lower members 
are readily soluble in water, but the solubility regularly diminishes with 
increasing molecular weight. All dissolve readily in alcohol, and very 
easily in ether. Their solutions redden blue litmus. The acidity 
diminishes with increasing molecular weight ; this is very clearly 
evidenced by the diminution of the heat of neutralization and the 
initial velocity in the etherification of the acids. 

Nomenclature . — The fatty acids can be regarded as substitution products of 
acetic acid and named accordingly, e.g. CHa'CHg-COOH (propionic acid), methyl- 
acetic acid, (CH3)2CH‘COOH (isobutyric acid), dimeihylacetic acid, etc., similarly 
to the “ carbinol ” nomenclature for the alcohols. The higher members of the 
series with an unbranched carbon chain are described as “ normal,’* e.g. CII3- 
(CH2)4C00H as normal or n-hexoic acid, and those with a branched chain are 
preferably named as substitution products of the longest normal chain they 
contain. Thus, CH3(CH2)3CH(CH3) *00011 is conveniently described as a-methyi- 
hexoic acid. 

The most important general methods of preparation of the mono- 
basic acids are : 

(1) Oxidation of the primary alcohols and aldehydes : 

CHj-CHjOH — ^ ^ 

Ethyl alcohol. Aldehyde. Acetic acid. 

The oxidizing agents most usually employed are chromic acid and perman- 
ganate (C. 1907, I. 1179). 

In the presence of a suitable catalyst, such as manganese butyrate, the 
oxidation of aldehydes to the corresponding acid can bo effected by air or oxygen 
{e.g. Butyric acid from butaldehyde, Brit. Pat. 173004, J.C.S. Abstr. 1922, i, 222). 

In the case of normal primary alcohols with high molecular weight the con- 
version into the corresponding acids is effected by heating with soda-lime : 

CigHsiCHgOH + NaOH = -j- 2H2. 

Cetyl alcohol. Sodium palmitate. 

(2) By the addition of hydrogen to the unsaturated monocar- 
boxylic acids : 

CH2=CH*C02H + 2H = CHj-CHg-COgH. 

Acrylic acid. Propionic acid. 

. (3) By the reduction of hydroxy-acids at raised temperatures by 
means of hydriodic acid : 

CH3-CH(0H)C02H + 2HI == CHs-CHa-COgH H- H2O -f- I2. 

Halogen substituted acids may be reduced by means of sodium 
amalgam. 

Many nucleus-synthetic methods are known for the formation of 
derivatives of the acids, which can easily he changed to the latter. 
These methods are important in the building-up of the acids. 

(4) Synthesis of the Acid Nitriles . — The alkyl cyanides, called also 
the fatty acid nitriles, are produced by the interaction of potassium 
cyanide and alkyl halides or the alkali salts of the alkyl sulphuric 
acids. When the nitriles are heated with alkalis or dilute mineral 
acids the cyanogen group is transformed into the carboxyl group, 
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whilst the nitrogen is changed to ammonia. In this manner formic 
acid is produced from hydrocyanic acid (p. 285) : 

CHs-CN -f 2H2O + HCl = CHa-COgH + NH4CI 
CHa-CN + H2.O + KOH = CH^-COaK + NH3. 

This method makes the synthesis of acids from alcohols possible. 

The normal fatty acids from stearic acid to CgeHggOa have been synthesized 
by the following series of reactions (J. Biol. Chem. 69, 905). 

r.COOR R CHgOH > R CH 2 I R CHgCN > R CHjCOOH 

The conversion of the nitriles directly into esters of the acids may be effected 
by dissolving them in alcohol and passing hydrochloric acid gas into the solution, 
or by warming it with sulphuric acid (Ber. 9, 1590). 

(5) The action of carbon monoxide on the sodium alcoholates 
heated to 160-200° only proceeds smoothly and easily in the case of 
sodium methoxide and ethoxide (Ann. 202, 294 : C. 1903, II. 933) : 

C^Hs’ONa + CO = C^Hg-COj-Na. 

Sodium ethoxide. Sodium propionate. 

Similarly, carbon monoxide and sodium hydroxide yield sodium 
formate (p. 282). 

(6) The action of carbon dioxide on sodium alkyls (Ann. Ill, 234) 
is only applicable with sodium methyl and sodium ethyl (p. 223). 

CjsHs-Na 4- GO 2 = CgHg-COgNa. 

By the action of carbon dioxide on an ethereal solution of an 
alkyl magnesium halide, and the decomposition of the resulting mag- 
nesium compound by ice and sulphuric acid (C. 1901, II. 622 : Ber. 
35 , 2519) : 

COj H*0 

CHaMgBr >• CHsCOaMgBr CHsCOOH. 

(7) By the action of phosgene gas, COCI 2 , on the zinc alkyls. 
Acid chlorides are first formed, and subsequently yield acids when 
treated with water : 

ZnfGHa)^ -1- 2 COCI 2 = 2CH3-COC1 + ZnCl^. 

Acetyl chloride. 

CHg-COCl + HjO = CHa-CO-OH + HCl. 

Acetic add. 

(8) Electro-syntheses of the esters of monocarboxylic acids occur 
upon electrolysing mixtures of the salts of fatty acids and the mono- 
esters of dicarboxylic acids. Butyric ester, for example, is obtained 
from potassium acetate and potassium ethyl succinate (Ber. 28, 2427) : 


CH 3 C 02 K 

HOH 

CH3 

CO2 KOH 

H 

4 - 


I 

4 - 4 - 

+ I- 

CH3CO2K 

HOH 

CHa 

CO2 KOH 

H 

j 

CHa-COaCaHj 


1 

CH2- 

-C02-C2H3 



The following methods of formation are based upon the breaking- 
down of long carbon chains : 

(9) The decomposition of ketones by oxidation with potassium 
dichromate and smphuric acid: 

CH3[CHJi 4-CO*CH3 CHgCCHalisCOaH + CHs-CO^H 

Pentadecyl methyl ketone (from Pentadecylic acid. Acetic acid, 

palmitic acid.) 

By the action, also, of alkali hypochlorites and hypobromites, the 
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alkyl methyl ketones can be made to yield chiefly carboxylic acids, 
the methyl group being split off as chloroform or bromoform. 

(10) The trialkylacetophenones (Vol. II) are broken do'wn in ben- 
zene solution by the action of sodamide into benzene and the amides 
of trialkylacetic acids (C. 1909, I. 912 : II. 600) : 

NaNH, 

CsHs-CO CRa + RsC-CO-NH^. 

The hexaalkylacetones are broken down similarly (C. 1910, 1. 1698 : 
Ann. Chim. Phys. [9] 1, 5). 

(11) Decomposition of unsaturated acids by fusion with potassium 
hydroxide : 

KOH 

CH 3 CH : C(CH 3 )C 02 K ^ CH 3 CO 2 K and CHaCHg-COaK. 

Potassium angelicate. Potassium Potassium propionate. 

acetate. 

It is important to note that a shift of the position of the double bond may 
occur during this alkali fusion, and the breakdown products are not necessarily 
those which would be obtained if the unsaturated acid had been broken down 
at the original double linkage. 

(12) By cautious oxidation of the higher paraffins by air (Ber. 
53, 66, 987). 

(13) Decomposition of acetoacetic ester, as well as mono- and 
dialkyl acetoacetic esters, by concentrated alcoholic potassium 
hydroxide : 

CHaCO-CHjCOAHs + 2KOH == CH3CO2K + CH3CO3K -f C3H3OH 

Acetoacetic ester. 

CH3C0-CH(R)C0AH5 4- 2KOH = CHsCO^K -f CH3(R)C03K + 

CH3C0-C(R)3C0AH5 4- 2KOH = CH3CO3K + CH(R)3C03K + C,n,-OK, 

On account of the readiness with which the mono- and dialkyl aceto- 
acetic esters are prepared, this forms a valuable method for obtaining 
mono- and dialkylacetic acids (see Acetoacetic ester). 

(14) Substituted acid amides, from which the acid may be obtained 
by hydrolysis, are formed by the Beckmann transformation of 
ketoximes and oximino-acids, the latter being obtained from the 
unsaturated acids by converting them into the keto-derivatives of 
the saturated acids (see Beckmann transformation, p. 268, and oleic 
acid, p. 349), 

(15) By the decomposition of malonic acid and the alkyl deriva- 
tives of malonic acid by heat, with loss of COg. These acids are 
dioarboxylic acids, in which both carboxyl groups are attached to 
the same carbon atom. 

CH2{C00H)3 y CHg-COOH + CO 3 

Malonic acid. Acetic acid. 

CRR'(C00H)2 CHRR'-COOH -f- CO^. 

These substituted malonic acids are also readily available, and this 
method is a valuable one for the preparation of many fatty acids 
(see Malonic ester). 

Is(merism , — Every monocarboxylic acid corresponds with a primary 
alcohol. Hence the number of isomeric monocarboxylic acids of definite 
carbon content is, as in the instance of the aldehydes, equal to that 
of the possible primary alcohols (p. 128), possessing the same number 
of carbon atoms. The isomerism is dependent upon the isomerism 
of the hydrocarbdn radical in union with the carboxyl group. 
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There are no possible isomers of the first three members of the 
series CnHs^Oj : 

H-COjH CH,-COjH CjHs-COjH 

Formic acid. Acetic acid. Propionic acid. 

Two structural isomers are possible for the fourth member, 
C4H8O2 : 

CHa-CHjCHj-COjH and (CH3)j-CH-COi,H. 

acid. isoButyric acid. 

Four isomers are possible mth the fifth member, C5Hio02= 
C 4 H 9 *C 02 H, inasmuch as there are four butyl, C 4 Hg, groups. 

Reactions, — ^The principal reactions of the fatty acids are the 
following : 

(1) Acids and alcohols yield esters in the presence of hydrochloric 
or sulphuric acid (p. 310). 

(2) Salts of fatty acids and alkyl halides, or alkyl sulphates, yield 
esters. 

(3) Acids or salts, when acted on by the chlorides of phosphorus, 
yield acid chlorides (p. 314) and acid anhydrides (p. 317). 

(4) The ammonium salts of the acids lose water when heated or 
treated with dehydrating agents and yield acid amides (p. 321) and 
acid nitriles (p. 324). 

(5) The halogens produce substitution products. 

(6) The fatty acids are only attacked very slowly by oxidizing 
agents. Acids containing a tertiary group yield nitro-derivatives 
when acted on by nitric acid (Ber. 15, 2318 : 32, 3661). 

(7) Paraffins result from the reduction of higher fatty acids by 
hydriodic acid. 

(8) Paraffins are produced when the calcium salts of the fatty 
acids are distilled with soda-lime. 

(9) Paraffins, together with COg, alcohols, and other products, 
result from the electrolysis of concentrated solutions of the potassium 
salts of the fatty acids. 

(10) Acid chlorides and anhydrides, when reduced, yield aldehydes 
and primary alcohols. 

(11) Acid chlorides, esters, amides, and nitriles reacting with zinc 
alkyls or magnesium alkyl halides yield hetones and tertiary alcohols. 

(12) By the interaction of iodine and the silver salts of fatty acids, 
esters of the next lower alcohol are formed. 

(13) When the calcium salts are distilled with calcium formate, 
aldehydes are produced. 

(14) Simple and mixed ketones are formed when a single calcium 
salt or an equimolecular mixture of two different calcium salts are 
distilled respectively. 

(15) The reduction of acid nitriles yields primary amines ; these 
are converted into the corresponding alcohols by nitrous acid. 

(16) Acid amides, when acted on by bromine and sodium hydroxide, 
yield the next lower prirmry amine. This reaction can therefore be 
employed for proceeding step by step down the series of fatty acids 
(p. 308). The azides of the acids behave similarly when acted on 
% water or alcohol 

Acetic acid, CH 3 *COOH (Acidum aceticum), formed by the spon- 
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taneous souring of alcoholic liquids, is the acid which has been longest 
known. Vinegar and the term “ acid ” were designated, for example, 
by the Romans by closely related words. Wood vinegar first became 
known in the Middle Ages. 

Historicah — ^At the close of the eighteenth century Lavoisier recognized the 
fact that air was necessary for the conversion of alcohol into acetic acid, and 
that its volume was correspondingly diminished during the process. In 1830 
Dumas converted the acid, by means of chlorine, into trichloroacetic acid ; whilst 
the reconversion of the latter into the parent acid, by potassium amalgam and 
water, was demonstrated by Melsens in 1842. When, in 1843, Kolbe succeeded 
in producing trichloroacetic acid (p. 334) from its elements, the first synthesis of 
acetic acid was accomplished. 

Acetic acid is found in the vegetable kingdom both free and in the form of 
salts and esters. Thus, it was mentioned under n-hexyl and w-octyl alcohols 
that they occurred in the form of their acetic esters in the ethereal oil of the seed 
of Heracleum giganteum and in the fruit of Heracleum sphondylium. The officinal, 
concentrated acid, as well as the 30% aqueous solution of the acid, are applied 
medicinally. 

Acetic acid is produced in the decay of many organic substances 
and in the dry distillation of wood, sugar, tartaric acid, and other 
compounds ; also in the oxidation of numerous carbon derivatives, 
as it is very stable towards oxidants. 

The methods of forming acetic acid, which have any theoretical interest, 
have already been discussed under the general methods for the production of 
fatty acids ; therefore they will be but briefly noticed here ; 

(1) The oxidation of ethyl alcohol and acetaldehyde. 

(2) The reduction of hydroxyacetic acid or glycollic acid, CH 2 ( 0 H)'C 03 H, 
and the reduction of chlorinated acetic acids — e.g. trichloroacetic acid, CCls'COgH. 

Synthetically : (3) From methyl cyanide or acetonitrile. 

(4) From sodium methoxide and carbon monoxide. 

(5) From sodium methyl or magnesium methyl iodide and carbon dioxide. 

(6) From phosgene and zinc methyl. 

By degradation : (7) By the oxidation of acetone and many mixed metliyl 
ketones^ 

(8) By the decomposition of many unsaturated acids of the oleic series when 
fused with potassium hydroxide. 

(9) From aoetoacetic ester by means of alcoholic potassium hydroxide, 

(10) By heating malonic acid. 

(11) A rather remarkable synthesis consists in allowing air and potassium 
hydroxide to act on acetylene in diffused daylight {Berthelot, 1870) : 

CH^CH d- HaO + O = CHg-COOH. 

Preparation, — (1) Acetic acid is produced by the oxidation of ethyl 
alcohol and liquids containing this alcohol. It is customary, depend- 
ing upon their origin, to distinguish wine vinega/Tj fruit vinegar, and 
malt vinegar. 

Quick-vinegar process. {Schutzenhach, 1823.) — ^According to Wieland’s views 
(p. 224), the acetic fermentation of alcoholic liquids consists in a dehydrogenation 
of the alcohol by the “ mother of vinegar ” {Mycoderma aceti, Micrococcus aceti 
or Bacterium aceti), the activated alcohol being then oxidized to water by atmo- 
spheric oxygen. The organisms responsible for this action are always present 
in the air. In this process, by an enlargement of the contact surface of the 
alcoholic liquid with the air, there ensues an accelerated oxidation. Large wooden 
tubs are filled with shavings previously moistened with vinegar, upon which 
diluted (10%) alcoholic solutions are poured. The lower part of the tub, exposed 
in a warm room (25-30°), is provided with a sieve-like bottom, and all about it 
are holes permitting the entrance of air to the interior. The liquid collecting 
on the bottom is run through the same process two or three times, to ensure the 
conversion of all the alcohol into acetic acid. 
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(2) Wood-vinegar process. — Considerable quantities of acetic acid are also 
obtained by the dry distillation of wood in cast-iron retorts, a process already 
referred to when discussing methyl alcohol (p. 136). The aqueous distillate, 
consisting of acetic acid, wood spirit, acetone, and empyreumatic oils, is neu- 
tralized with lime, evaporated to dryness, and the residual calcium salt heated 
to 230-250®. La this manner, the greater portion of the various organic admixture 
is destroyed, calcium acetate renaaining unaltered. The salt purified in this way 
is distilled with sulphuric acid, when acetic acid is set free and purified by further 
distillation over potassium chromate. 

(3) At the present day, pure acetic acid is manufactured by the catalytic 
oxidation of acetaldehyde, obtained from acetylene (see p. 113), vanadium pent- 
oxide being employed as catalyst. 

Properties . — ^Anhydrous acetic acid at low temperatures consists of 
a leafy, crystalline mass — glacial acetic acid — ^which, on melting at 
16*7°, forms a liquid of sharp and penetrating odour. It boils at 
US'" and has Dgo = 1*0497 (see J.C.S. 99, 1432). It mixes with 
water in all proportions ; at &st a contraction ensues, consequently 
the specific gravity increases until the composition of the solution 
corresponds with the hydrate^ C2H4O2 + (=CH 3*0(011)3), D15 
= 1*0748 (77-80%). On further Mution, the specific gravity be- 
comes less, until a 43% solution possesses about the same specific 
gravity as anhydrous acetic acid. Ordinary vinegar contains about 
5% of acetic acid. Acetic acid is an excellent solvent for many 
carbon compounds. The halogen acids also dissolve readily in glacial 
acetic acid (Ber. 11, 1221). Pure acetic acid should not decolorize 
a drop of potassium permanganate solution. It may be detected by 
conversion into volatile acetic ester when heated with alcohol and 
sulphuric acid, or by the formation of cacodyl oxide (p. 210) when 
its potassium salt is distilled with arsenious oxide. 

Acetates . — ^The acid combines with one equivalent of the bases, 
forming readily soluble, crystalline salts. It also forms basic salts 
with iron, aluminium, lead and copper ; these are sparingly soluble in 
water. The alkali salts have the additional property of combining 
with a molecule of acetic acid, yielding acid salts, such as C2H3O2K 
+ C2H4O2, acid potassium acetate. 

Potassium acetate, CgHgOgH, deliquesces in the air and dissolves readily 
in alcohol. The acid salt, C 2 H 3 K 02 ‘C 2 H 402 , m.p. 148®, crystallizes out in pearly 
leaflets. The salt, CgHgOgK -f 2 C 2 H 40 a, m.p. 112®, is decomposed at 170® into 
acetic acid and the neutral salt. 


Sodium acetate, CgHgOgNa + SHaO, crystallizes in large, rhombic prisms, 
which effloresce on exposure. The anhydrous salt is dimorphic (Ber. 46, 3199). 
It melts without decomposition at about 320°. 

Ammonium acetate, C 2 H 3 O 2 NH 4 , is a crystalline mass. Heat applied to the 
dry salt converts it into water and acetamide. 

Calcium acetate, -f HgO, and barium acetate, (CaH 302 ) 2 Ba -}- HgO, 

dissolve readily in water. 

Ferrous acetate, readily oxidizes in aqueous solution to insoluble 

basic ferric acetate. Ferric acetate, (C 2 H 302 )gFe 2 , is not erystallizable. The deep- 
red solutions obtained by mixing a solution of a ferric salt with an acetate contain 


the mono- anddi- acetates of the hexaacetatotriferric base and 

(Z. anorg. Chem. 66 , 157). On boiling these 


solutions, suffleiently dilute, all the iron is precipitated in the form of basic salts. 
Aluminium acetate behaves similarly. Both salts are employed as mordants in 
dyeing, as they are capable of uniting with the cotton fibre. The basic salts 
produced on ihe application of heat are capable of retaining dyes. 
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^ Lead acetate^ (C2H302)2Pb + SHgO, is obtained by dissolving litharge in acetic 
acid. The salt forms brilliant four-sided* prisms, which effloresce on exposure. 
It possesses a sweet taste (hence called sugar of lead), and is poisonous. If an 
aqueous solution of lead acetate be boiled with litharge, basic lead acetates, of 
varying lead content, e.g. CaHaOaPbOH and CaHaOaPb-O-Pb-O-Pb-CgHgOa, are 
produced. These solutions react alkaline, and absorb carbon dioxide from the 
air, depositing basic carbonates of lead — ^white lead. 

Lead tetraacetate, {02H302)4pb, is obtained when minium is dissolved in 
hot glacial acetic acid. From the filtrate colourless monoclinic crystals, m.p. 
175°, separate (Ber. 53, 485). It is used as an oxidizing agent for organic sub- 
stances (see Ber. 56, 1375). 

Copper acetate, (C2H302)2Cu + HgO, is easily soluble in water. Basic copper 
salts occur in commerce under the name of verdigris. They are obtained by disr 
solving copper strips in acetic acid in presence of air. The double salt of acetate 
and arsenite of copper is the so-called Bckweinfurt Green. 

Silver acetate, C2H302Ag, separates in brilliant needles or leaflets. The salt 
is soluble in 98 parts water at 14° C. 

The decompositions of the acetates have already been considered ; sum- 
marized they are : 

(1) Potassium acetate, when electrolysed, yields ethane. 

(2) Sodium acetate, heated with soda-lime, yields methane. 

(3) Potassium acetate and arsenious oxide, on heating, yield cacodyl oxide. 

(4) Ammonium acetate loses water, when heated, witli the formation of 
acetamide. 

(5) Calcium acetate is decomposed by heat into acetone. 

(6) Calcium acetate and calcium formate, heated -together, yield aldehyde, 

(7) Calcium acetate and the calcium salts of higher fatty acids, when heated, 
yield mixed methyl alkyl ketones. 


PROPIONIC ACID. BUTYRIC ACIDS, VALERIC ACIDS 

The following table contains the melting points (Ber. 29, R. 344), the boiling 
points, and the specific gravities of the normal acids and their isomers : 


Name. 

Formula. 

M.P. 

B.P. 

Specific 

Gravity. 

Propionic acid .... 

CH3CH2— COgH 

- 3B-5° 

140° 

0-9920 (18°) 

n-Butyric acid .... 

CH 3 (CH 2 ) 2 C 02 H 

— 

163° 

0-9587 (20°) 

■i^oButyric acid. 

(CH3)2CH— CO2H 

- 79° 

155° 

0-9490 (20°) 

7i-Valeric acid .... 

CH 3 (CH 2 ) 3 C 02 H 

- 59° 

186° 

0-9568 (0°) 

wo Valeric acid .... 

(CH3)2-CH-CH*C02H 

- 51° 

174° 

0-9470 (0°) 

Methylethylacetie acid 
Trimethylacetic acid (Pi- 

C2H3-CH(CH3)-C02H 

— 

175° 

0-9410 (21°) 

valic acid) .... 

(CH 3 ) 3 C-C 02 H 

-f 35° 

163° 

— 


Propionic acid, Methylaceticacid [Propane acid], CH2-CH2*C02H,may be pre- 
pared by the methods in general use in making fatty acids ; (1 ) by the oxidation 
of n-propyl alcohol and propionaldehyde with chromic acid ; (2) by reduction 
of acrylic acid (p. 342) and propargylic acid (p. 351) ; (3) by reduction of lactic 

acid, CH3*CH(0H)-C02H, and glyceric acid, CHgOH-CHOH-COaH ; (4) from 
ethyl alcohol by its conversion, through ethyl iodide, into ethyl cyanide or 
propionitrile ; (5) from sodium ethoxide and carbon monoxide ; <6) from sodium 
ethyl or magnesium ethyl bromide and carbon dioxide ; (7) in the oxidation of 
methyl ethyl, methyl propyl and diethyl ketones : (8) by the action of alcoholic 
potassium hydroxide on methylacetoacetic ester with the simultaneous produc- 
tion of methyl ethyl ketone ; (9) from methylmalonic acid by the application 
of heat. 

Its formation from calcium malate and lactate by fermentation is worthy 
of note (Ber. 12 , 479 : 17 , 1 1 90) . It is also formed by the fermentation of certain 
hexoses (g.v.) by special micro-organisms. Gottlieb first discovered propionic acid 
in 1847, when he fused sucrose with potassium hydroxide. Dumas gave the 
acid its name, derived from np&ro$, the first, vUov, fat, because when treated 
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in aqueous solution with calcium chloride it separated as an oil. It is the first 
acid which in its behaviour approaches the higher fatty acids. 

The barium salt, (C3H502)2Ba + HgO, crystallizes in rhombic prisms : silver 
salt, CgHsOgAg, dissolves sparingly in water. 

Butyric Acids, CiHgOa.— (1 ) Normal butyric acid, Ethylacetic acid [Butane 
acid], butyric acid of fermentation, occurs free and also as the glycerol ester in 
the vegetable and animal kingdoms, especially in the butter of cows (to the 
amount of about 6% together with glycerides of palmitic and oleic acids), in 
which Chevreul found it, in the course of his classic investigations upon the 
fats. It exists as hexyl ester in the oil of Heracleum giganteum, and as octyl 
ester in Pastinaca saliva. It has been observed free in the perspiration and in 
the body fluids. It may be obtained by the usual methods employed for the 
preparation of fatty acids, and is produced in the butyric fermentation of sugar, 
starch and lactic acid, and in the decay and oxidation of proteins. 

Ordinarily the acid is obtained by the fermentation of sugar or starch, induced 
by the previous addition of decaying substances, e,g, cheese, in the presence of 
calcium or zinc carbonate, which are intended to neutralize the acids as they form. 
According to Pitz, the butj^ic fermentation of glycerol or starch is most advan- 
tageously evoked by the direct addition of bacteria, especially Bacillus subtilis 
and Bacillus hoocopricus (Ber. 11, 49, 63 : 29, 2726). 

Pyruvic acid and acetaldehyde are important intermediate products in this 
butyric fermentation (Ber. 55, 3635). tinder the action of the synthesizing 
ferment carboligase, two molecules of pyruvic acid undergo an aldol condensa- 
tion, from which butyric acid is derived by decarboxylation followed by a Can- 
nizzaro reaction. The idealized butyric fermentation takes place according to 
the equation : 

CfiHiaOe 200^ -f 2JI^ + 

Butyric acid is a thick, rancid-smelling liquid, which solidifies when cooled. It 
dissolves readily in water and alcohol, and may be thrown out of solution by salts. 

The calcium salt, (C4B[702)2Ca -f H2O (Ann. 213, 67), yields brilliant leaflets 
and is less soluble in hot than in cold water (in 3*5 parts at 16®) ; therefore the 
cold saturated solution grows turbid on warming (Ber. 30, 2956). 

(2) ^^oButyric acid, Dimethylacetic acid [Methylpropane acid], (CHjjg'CH- 
COgH, is found free in St. John’s Bread, the pod of the carob- or locust-tree, 
Oeratonia siliqua, as octyl ester in the oil of Pastinaca sativa, and as ethyl ester 
in croton oil. It is prepared according to the general methods. Concentrated 
nitric acid converts it into j3jS-dinitropropane (p. 185 ) ; potassium permanganate 
oxidizes it to a-hydroxywobutyric acid. 

tsoBulyric acid hears great similarity to normal butyric acid, but is not 
miscible with water. 

The calcium salt, (C4H702)2Ca -f SHgO, dissolves more readily in hot than 
in cold water. 

Valeric Acids, C4H2COOH. — See table, p. 303. Valeric acid occurs free, 
and as esters in the animal and vegetable kingdoms, chiefly in the small valerian 
root {Valeriaiia officituilis), and in the root of Angelica Arcliangelica, from which 
it may be isolated by boiling with water or a soda solution. The natural acid 
is a mixture of isovaleric acid with the optically active methylethylacetic acid, 
and is therefore also active. A similar artificial mixture may be obtained by 
oxidizing the amyl alcohol of fermentation (p. 147) with chromic acid mixture. 
Valerie acid combines with water and yields a hydrate, CgHioOg 4- HgO, soluble 
in 26*5 parts of water at 15®. 

(1) Normal valeric acid, GH3(CH2)3COOH, is prepared according to the 
standard methods. 

(2) iroValeric acid, isoPropylacetic acid [3-Methyl-butane acid], (CHslg- 
CH-CHjs'COaH, may be synthetically obtained by some of the methods described 
on pp. 297-299. It is an oily liquid with an odour resembling that of valerian. 

Potassium permanganate oxidizes isovaleric acid to jS-hydroxyiaovaleric acid, 
(CH8)8*C(QH)*CH2*C02H. Concentrated nitric acid attacks, in addition, the CH- 
group, forming methylhydroxysuccinic acid, jS-nitroisovaleric acid, (CHal.-C- 
(N0,)*CH2*C02H, and jS^-dinitropropane, (CH3)aC(NOg)2 (Ber. 15, 2324. (OK 
Mobutyrie acid). 

T3ae isotsoZerolea generally have a greasy feel. When thrown in small pieces 
upon water they have a rot^ motion, dissolving at the same time ; barium sail. 
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(C5H902)2Ba ; calcium salt, (C5H90jj)2Ca + 3H2O, forms stable, readily soluble 
noedlos ; zim salt, (0gHj,02)2Zii -{- SH^O, crystallizes in large, brilliant leaflets ; 
when the solution is boiled a basic salt separates. * 

(3) Methylethylacetic acid, [2-Mothyl-butaiie acid], C2H5-CH(CH3)-C02H, 
contains an asymmetric carbon atom, and, like its corresponding alcohol (p. 147), 
may exist in two optically active and one optically inactive modification. The 
optically inactive form has been synthesized, and has been resolved by means 
of its brucine salts into its optically active components. The Z-salt dissolves 
with difficulty. The specific rotatory power of the optically active methylethyl- 
acetic acid is [ajo = ± 17° 85' (Ber. 32, 1089). 

GalauTYii salt, (0gB[2O2)2f^a -f" 5HgO. 

Optically active methylethylacetic acid is present in valerian and angelica roots 
together with isovaleric acid, as already mentioned, and also in the products of 
oxidation of fermentation amyl alcohol (Ann. 204, 159). Pure d-methyiethyl- 
acetic acid is prepared by the oxidation of pure Z-amyl alcohol (p. 147) (Ber. 37, 
1045) ; and has been found in the breakdown products of convolvulin (Vol. II). 

(4) Trimethylacetic acid, Pivalic acid, [Bimethyl-propane acid], (GH3)8- 
C'COgH), is formed from Zeri.-butyl iodide, (0113)301 (p. 163), by means of the 
cyanide ; also by the oxidation of pinacolin (p. 265), or by the breakdown of 
trimethyl acetophenone and hexamethylacetone by sodamide (see p. 299). The 
acid is soluble in 40 parts HgO at 20°, and has an odour resembling that of acetic 
acid. 

Barium salt, (05H902)2Ba -f- 5H.,0 ; calcium salt, (C5H902)2Ca -f fiHgO (0. 
1898, I. 202). 

HIGHER FATTY ACIDS 


The subjoined table contains the melting and boiling points of 
some of the higher fatty acids, the boiling points in parentheses being 
determined under 100 mm. pressure. 


Name. 

Formula. 

M.P. 

B.P. 

w-Hexoic acid (Caproic acid) . 

CH3(CH2)4-C00H 

•f 8° 

205° 

^soButylacetio acid. 

(CH3)2CH(CH2)2-C00H 

— 

198° 

^ec.-Butylacetic acid . 

CaHg-CHMeCHa-COOH 

— 

174“ 

Biethylacetic acid .... 

(C2H5)2CH-C00H 

— 

190° 

Methylpropylacetic acid . 

CH3(CH2)2-CHMe'COOK 

— 

193° 

Methyltsopropylacetic acid 

CHMea-CHMe-COOH 

— 

191° 

Dimethylethylacetic acid . 

CMeaEt-COOH 

- 14° 

187° 

n-Heptoic acid (CEnanthic acid) 

CH3-(CH2)5-C00H 

- 10-5° 

223° 

Methylbutylacetic acid 

CH3-(CH2)3-CHMe-COOH 

— 

210° 

Ethyipropylacetic acid 

CH3(CH2)8-CHEt-COOH 

— 

209“ 

Methyldiethylacetic acid . 

CMeEtg-COOH 


208° 

7 i-Oetoic acid (Caprylic acid) . 

CH3(CH2)e-COOH 

16‘5° 

237° 

w-Nonoic acid (Pelargonic acid) 

CH3(GH2)7*C00H 

12-5° 

254° 

w-Decoic acid (Capric acid) 

. CH3(CH2)8-G00H 

31-4° 

270° 

n-Undecoic acid .... 

1 CH3(CH8)9*GOOH 

28-5° 

(212*5°) 

n-Dodecoic acid (Laurie acid) 

1 CH3(CH2)io*COOH 

43*5° 

(225°) 

n-Tridecoic acid .... 

CH3(CH2)n-COOH 

40*5° 

(236°) 

n-Tetradecoic acid (Myristic 
acid) 

CH3(CH2)i2'COOH 

53*8° 

(220*5°) 

n-Pentadecoic acid ... 

GH3(GH2)i3*COOH 

51° 

(260°) 

n-Hexadeeoie acid (Palmitic 
acid) 

CH3(GH2)i4*COOH 

62° 

(278*5°) 

«-Heptadecoic acid 

i CH3(CH2 )i5*COOH 

59*9° 

(280*5°) 

n-Oetadeeoie acid (Stearic acid) CH3(CH3).3*COOH 

69*2° 

(291°) 

Arachidic acid ..... 

CH3(CH2)i8*COOH 

75° 

— 

Behenic acid ..... 


83° 

— 

Cerotie acid 

^26^42^2 C27llg402 

78° 

— 

Melissic acid ..... 

C3oHeo02 

90° 

— 

VOL. I. 
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X-ray spectra of the higher fatty acids, see J.C.S, 1926, 2310. 

A number of acids of the type CH3*(CH2)»*CHMe’COOH have 
been prepared (J. Soc. Chem. Ind. 46, 152t). 

A large number of fatty acids of the general type CHRR'-COOH 
have been S3mthesized by Adams and his colleagues (J.A.C.S. 52, 
1289). 

For the normal fatty acids from Cis to C26J see J. Biol. Chem. 
59, 905. 

The fatty acids which occur naturally in oils, fats and waxes are 
almost entirely those with an unbranched carbon chain containing an 
even number of carbon atoms. 

Caproic acid, n~Hexoic acid, CH3(CH2)4C02H, occiors in the form of its 
glyceryl ester in cow’s butter, goat butter, and in coconut oil. It is produced, 
together with butyric acid, in the but5nric fermentation. 

(Bnanthylic acid, n-Heptoic acid, CH3(CH 2)500211, can easily be obtained 
as an oxidation product of oenanthol (p. 238). 

Caprylic acid, n-Octoic acid, CH3(CH2)8C02H, occurs as its glyceryl ester 
in goat butter and in many fats and oils ; also in the fusel-oil of wine. 

Pelargonic acid, n-Nonoic acid, CH3(CH 2)700 2H, is present in the leaves of 
Pelargonium roseum, and is prepared by the oxidation of oleic acid and oil 
of rue (methyl w-nonyl ketone, p. 265). It may also be obtained by the fusion 
of undecylenic acid with potassium hydroxide. 

n-Decoic acid, Capric acid, CH3(CH2)8COOH, is the first acid solid at 
ordinary temperatures. Preparation of pure decoic acid, J.C.S. 1931, 2046. It 
is present as glyceride in butter, goat butter, coconut oil and other fats, and as 
amyl ester in fusel oil. 

n-Undecoic acid, CH3(CH2)8002H, is obtained by reduction of undecylenic 
acid from castor oil. 

Laurie acid, n-Dodecoic acid, CH3(CH2)ioC02H, occurs as its glyceryl ester 
in the fruit of laurels, Laurus mhilia, in coconut oil (C. 1904, I. 259), and in 
pichurim beans. It is found as its cetyl ester in spermaceti. 

Myristic acid, n-Tetradecoic acid, CHa* (CHg )i2CO 2 H, occurs in muscat butter 
(from Myristica moschata), in spermaceti and coconut, in myristin (Ber, 18, 
2011 : 19, 1435), in earth-nuts (Ber. 22, 1743), in ox-bile (Ber. 26, 1829), and 
as free acid, as well as its methyl ester, in iris root (Ber. 26, 2677). 

Palmitic acid, n-Hexadecoicacid, CH3(CH2)i4C02H. — ^The glyceryl 
ester of this acid and that of stearic acid and oleic acid are the 
principal constituents of solid animal fats. Palmitic acid occurs 
in rather large quantities, partly uncombined, in palm oil. Sper- 
maceti is the cetyl ester of the acid, whilst the myricyl ester is the chief 
constituent of beeswax. The acid is most advantageously obtained 
from olive oil, which consists almost exclusively of the glycerides of 
palmitic and oleic acids ; also, from Japan wax, a glyceride of palm- 
itic acid (Ber. 21, 2265). The acid is artificially made by heating 
cetyl alcohol with soda-lime to 270° ; also by fusing together oleic 
acid and potassium hydroxide. 

Margaric acid, xi-Heptadecoic acid, CH8(CH2)i5C02H, does not apparently 
exkt naturally in the fats (Ber. 38, 1247). It is made in the laboratory by 
boiling cetyl cyanide with potassium hydroxide. Preparation from stearic acid, 
Bor. 56, 1736. An artificial fat, “ intarvin,^' containing glycerides of heptadecoic 
acid has been used in the treatment of diabetes. (See Kahn, Proc. Soc. Exp. 
Biol, and Med. 1922, 19, 265.) 

Stearic acid, n-Octodecoic acid, CH3(CH2)i6C02H, is associated 
with palmitic and oleic acids as a mixed glyceride in solid animal 
fats — the tallows. Its name is derived from orsap = tallow. It can 
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be obtained by the hydrogenation of oleic acid in presence of finely 
divided platinum, palladium or nickel (see p. 349). 

Arachidic acid, Eicoaoic acid, CH3(CH2)i8COOH, occurs in earth-nut oil (from 
Arachis hypogm). Preparation, see J.C.S. 127, 70. Theobromic acid, m.p. 72®, 
from cacao butter appears to be identical with arachidic acid. 

Behenic acid , C 2 2H44O 2, occurs in the oil from M oringa oleifera and is prepared 
by the reduction of erucic acid (Ber. 27, R. 577 : C. 1897, II. 1101 ; Monatsh. 
34, 1113). 

Lignoceric acid, C24H47O2, occurs as glyceride in Arachis oil and free in 
the tar from beech wood and brown coal It contains a branched carbon chain 
(Monatsh. 34, 1113 : Ber. 59, 36). It is formed by the oxidation of cerebronic 
acid with permanganate in acetone (J. Biol, Chem. 26, 115). 

Cerotic acid, C28H52O2 (Ber. 30, 1418), occurs together with melissic acid, 
in a free condition in beeswax, and may be extracted from this by means of 
boiling alcohol. As its ceryl ester, it is the chief constituent of Chinese wax 
(Ber. 30, 1415). Its name is derived from cera = wax. An apparently identical 
acid has been obtained from Arachis oil (Ber. 59, 36). 

An acid, C26H52O2 (phthioic acid), has been obtained from tubercle bacilli 
{Anderson, J. Biol. Chem. 85, 77). 

Montanic acid, occurs partly as ester, partly as free acid in 

the so-called “ Monian-wax ” from brown coal distillation (Monatsh. 34, 1143). 

Melissic acid, C30H40O2, m-p. 88°, is formed from myricyl alcohol (p. 149) 
when the latter is heated with soda -lime. It is a waxy substance, and appears 
to be a mixture of two acids. 

The acids mentioned in the table, but not described here, have been prepared 
by the usual synthetic methods. Some of them will be encountered later in 
the form of oxidation or reduction products of complicated, complex aliphatic 
derivatives. 

Synthesis and Degradation of the Fatty Acids 

Synthesis. — ^The synthetic methods for the production of the fatty acids are 
not all equally well adapted for this purpose. Reactions especially fitted for 
the synthesis of the higher mono- and dialkylacetic acids, are based on the 
behaviour of acetoacetic ester and malonic ester (methods 13 and 15). Trialkyl- 
acetic acids cannot be S3mthesized in this way. The nitriles of the latter, e.g. of 
trimethylacetic acid, are obtained from the iodides of the corresponding tertiary 
alcohols. The nitrile synthesis renders the formation of acids from alcohols 
possible, and inasmuch as acids can be reduced to aldehydes and alcohols by the 
reduction of the acid chlorides (p. 314), the synthesis of these two classes of bodies 
is made possible. Lieben, Rossi, and Janecek (Ann. 187, 126), beginning with 
methyl alcohol, systematically prepared the normal acids and corresponding 
alcohols up to oenanthic acid, according to the following scheme ; 

CH3OH CH3I CH3CN > CH3CO2H > CHsCHO 

Methyl alcohol. Methyl iodide. Methyl cyanide. Acetic acid. Acetaldehyde. 



CH2OH > CH2I > CH2CN > CHaCOaH CHa-CHO 

I 1 I 1 . 1 etc. 

CHg CH3 CH3 CH3 CH3 

Ethyl alcohol. Ethyl iodide. Ethyl cyanide. Propionic acid. Propionaldehyde. 

Degradation. — ^The following reactions are of importance in the degradation 
of the normal fatty acids : 

(1) The formation (9, p. 298) of carboxylic acids by the oxidation of mixed 
methyl w-alkyl ketones, in which the CO-group remains in combination with the 
methyl group. 

(2) The reaction (15, p. 191) of acid amides with bromine and potassium 
hydroxide. 

(3) The action of alkalis on the a-bromo acid amides. 

(4) The oxidation of the ammonium salts with hydrogen peroxide. 

(5) The action of iodine on the silver salts. 

(6) The oxidation of the olefinecarboxylic acids, produced by bromination 
and subsequent abstraction of HBr, 
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(7) The heating of a-hydroxy-fatty acids, obtained from a-broino-fatiy acids, 
whereby the next lower aldehyde is obtained (c/. p. 41.J), 

(8) Oxidation of the tertiary alcohol, or of the olefine formed by loss of 
■water from the alcohol, obtained by tho action of inagnosium methyl iodide on 
the esters. 

Examples of these Degradation Reactions, — 1. The first of these reactions was 
employed systematically by F, Krajft for the breaking-down of stearic acid into 
normal fatty acids of known constitution, from which it was concluded that 
stearic acid and the lower homologues derived from it possessed normal con- 
stitution. Upon distilling barium stearate, (Ci7H35C02)2Ba, and barium acetate, 
(CH3COjj)2Ba, methyl heptadecyi ketone, C17H35COCH3, results. When this is 
oxiefized it breaks down into margario acid, CieHssCO^H, and acetic acid. Barium 
margarate and barium acetate jdeid methyl hexadecyl ketone, CieHgg'CO-CHs, 
and this, by oxidation, passes into palmitic acid, CigHgiCOgH, and acetic 
acid, etc. ; 


(C„H33C03)2Ba 
Barium stearate. 


(C£[3C02)2Ba 


-C^HgsCOCHg 


• CieHggCOgH 
Margaric acid. 


(CieH33C02)2Ba C13H33COCH3 

Barium margarate. 


Palmitic acid. 


2. A, TF. Hofmann (Ber. 19, 1433) discovered the second method, which will be 
treated more fully in connection with the acid amides and nitriles (pp. 190, 321) ; 
here only the diagrammatic representation of the course of reaction need be 
given. Wlien the acid amides are treated with bromine and sodium hydroxide 
they lose the CO -group in the form of COg and pass into the next lower primary 
amines, which, by further treatment with the same reagents, become converted 
into the nitrile of a carboxylic acid containing an atom less of carbon, and its 
amide is still capable of a like transformation. By this method the higher, 
more easily obtained, normal fatty acids can be changed into lower acids : 


Ci3 H2,CONH2 CiaHayNHa ^ CiaHggCN ^ C12H23CONH 

Myristamide. Tridecylamine. Tridecyl nitrile. Tridecylamide. 


The degradation of the acid hydrazides, via the azides, to urethanes leads 
to the same result (Curtins, Ber. 27, 779 : 29, 1166). 

(3) The a-bromo-acid amides break down when heated with potassium 
hydroxide into HCN, HBr and an aldehyde or ketone containing one carbon 
atom less (Monatsh. 29, 69) ; 


R-CHBr-CONHg >. BUHO + HCN + HBr. 

(4) The ammonium salts of fatty acids, when warmed with dilute hydrogen 
peroxide, yield a ketone containing one carbon atom less, the chain being oxidized 
in, the jS-position (J. Biol. Chem. 49, 123 ; c/. Am. Chem. J. 44, 41). This 
reaction resembles the probable ^-oxidation of fatty acids which occurs in the 
animal body : 

R-CH3-CHa-COONH4 >. R-CO CHs. 

(See also Dahin, Oxidatioxis and Reductions in the Animal Body, London, 1922 : 
Z. physiol. Chem. 67, 490.) 

(5) The silver salts of the fatty acids yield the ester of the next lower alcohol, 
with loss of COa when warmed with iodine (Monatsh. 13, 320 : 14, 81 : Ann. 
446, 49) : 

2R-COOAg + la R-COOR + CO3 + 2AgI. 

In the cold, complex compounds containing silver and iodine are formed (Con- 
stitution, see Ann. 446, 62). 

(6) Bromo-vaieric acid, obtained from the fatty acid, gives up HBr to diethyl 
aniline or quinoline, becoming changed to ethylacrylic acid. This olefine mono- 
carboxylic acid yields, on oxidation, propionic acid (C. 1899, I. 778) : 

CHaCHa-CHgCHa-COOH ^ CHaCHa-CH-CHCOOH > CHg-CHa COOH. 

■V aleric acid. Ethylacrylic acid. Propionic acid. 

(7) ot-Bromopelargonic acid, obtained from the unsubstituted acid, when 
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boiled with aqueous potassium hydroxide, yields a-hydroxypelargonic acid, which 
gives octyl aldehyde on being heated to 260° : 

CHoCCHsl^CHoCOOH > CHsCCHal^CHBrCOOH ^ 

CH3[CH2]7CH(0H)C00H CKlCn^lCBO. 

(8) The dimethylnonylcarbinol obtained from caprio acid by the action of 
magnesium methyl iodide, or the hydrocarbon obtained from the alcohol by 
loss of water, yield pelargonic acid when oxidized with permanganate (Compt. 
rend. 156 , 1443) : 

CH3(CH2),*CH2-C00R ^ CH3(CH2),*CH2-CMe20H ^ 

CH3(CH2)/CH : CMe^ CHgCCHgl^-COOH. 


Technical Application of the Fats and Oils 

Animal fats, especially mutton and beef -tallow, the nature of which 
was made clear by the classic researches of Chevreul in the beginning of 
last century, consist mainly of a mixture of glyceryl esters of palmitic, 
stearic, and oleic acids, which are commonly called palmitin, stearin^ 
and olein. They are used in the preparation of margarine, in the 
manufacture of stearin candles, soaps, and plasters, from the acid 
esters contained in them, and for the manufacture of glycerol (g'.v.). 
Palm oil, coconut oil, and olive oil are also used as raw material. 

The so-called stearin of candles consists of a mixture of stearic and 
palmitic acids. For its preparation, beef-tallow and suet, both solid 
fats, are saponified with calcium hydroxide or sulphuric acid, with 
superheated steam, or by the action of ferments present in some seeds, 
such as castor-oil beans (Ber. 37, 1436). The acids which separate are 
distilled with superheated steam. The yellow, semi-solid distillate, 
a mixture of stearic, palmitic, and oleic acids, is freed from the liquid 
oleic acid by pressing it between warm plates. The residual, solid 
mass is then melted together with some wax or paraffin, to prevent 
crystallization occurring when the mass is cold, and moulded into 
candles. 

When the fats are saponified by potassium or sodium hydroxide, 
salts of the fatty acids — soaps — are produced, e.g. sodium palmitate, 
according to the equation : 

CH20‘C0(CH2)i 4-CH3 CHa-OH 

1 I 

CHO-CO(CH 2 )i 4 -CH 3 + 3NaOH = CH-OH -f 3CH3(CH2)i4C02Na. 

1 I 

CH20-C0(CH2)i 4*CH3 CHa-OH 

Palmitin. Glycerol + Sodmin palmitate. 

The sodium salts are solids and hard, whilst those of potassium are 
soft. Sodium chloride will convert potassium soaps into sodium soaps. 
In small quantities of water these salts of the alkalis dissolve com- 
pletely, but with an excess of water they sufier hydrolytic dissocia- 
tion into alkali and fatty acid. This is the cause of the emulsifying 
action of soap, whereby it is enabled to take up fatty materials, and 
so exercise its detergent action (Ber. 29, 1328). The other metallic 
salts of the fatty acids are sparingly soluble or insoluble in water, 
but generally dissolve in alcohol. The lead salts, formed directly by 
boiling fats with litharge and water, constitute the so-called lead 
plaster. 

Characterization of Fats. — Saponification number. — The amount 
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of KOH used in the saponification of fats is a characteristic value 
for each fat. The number of milligrammes of KOH used in the 
saponification of 1 gm. fat is known as the saponification number. 

Iodine Value . — ^Another characteristic of the natural fats is the 
amount of halogen (reckoned as iodine) they are capable of combin- 
ing with. This depends, of course, on the quantity and nature of 
the unsaturated acids in the fat. The principal methods for its 
determination depend upon the use of a solution of iodine and mer- 
curic chloride in alcohol {Huhl) or a solution of iodine monochloride 
in glacial acetic acid (Wijs). 

Methods for the determination of the above, and the results for 
different fats are given in'Lewkomtsch, Technology of Oils, Fats and 
Waxes, 6th edn., London, 1921. 

The natural fats almost invariably contain a mixture of several 
fatty acids and unsaturated acids. When investigated carefully, 
natural glycerides are always found to contain more than one fatty 
acid (see Hilditch, Proc. Roy. Soc. [B] 103, 113). 

For the separation of the fatty acids in such a mixture, the fol- 
lowing methods are used : 

(1) Fractional precipitation with magnesium acetate (J. pr. Chem. 
66, 3). 

(2) Fractional distillation of the acids in a high vacuum. 

(3) Fractional distillation of the esters in a high vacuum (Z. angew. 
Chem. 24, 1054). 


FATTY ACID DERIVATIVES 

1. ESTERS 

The esters of the fatty acids have some similarity with the esters 
of the mineral acids (p. 159) and are prepared by similar methods. 

Methods of Formation. — (1) By direct action of acids and alcohols, 
whereby water is formed at the same time : 


CgHs-OH 4- CAO-OH == CgHsO-CsHaO + H^O. 

This reaction, as already stated, only takes place slowly (p, 160) ; heat hastens 
it, but it is never complete. A detailed investigation into the formation of 
esters, which is of impoi^tance to the study of chemical dynamics, was carried 
out by Berthelot and P4an de St. Gilles. 

If equivalent quantities of alcohol and acid be mixed, after a certain time 
a state of equilibrium will prevail between alcohol, acid, ester, and water ; if 
any further quantity of ester were formed it would be hydrolysed back to alcohol 
and acid by the water. In the case of acetic acid and ethyl alcohol, for example, 
this point is reached when about two-thirds of the acid has been esterified. If, 
however, an excess of alcohol is added to the mixture, the point of equilibrium 
is shifted in the direction of increased ester formation, so that a mixture of one 
equivalent of acetic acid and eight equivalents of alcohol is only in equilibrium 
when 0*945 equivalent of ester have been formed. The course of such a reaction, 
is directed by the Law oj Mass Actiorif developed by Guldberg and Waage (1867), 
^d by van ’t Hoff, which enunciates that the reaction between two bodies 
is dependent, not only on their affinity constant, but also on their relative con- 
centrations. 

In the case of ^terifieation, if we designate as and Caic the molar con* 
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centration of the acid and alcohol in the reacting mixture, then the velocity of 
the ester formation will be given by the equation : 

% = Cadd'Caic'Kj, 

where is a constant dependent on the nature of the reacting substances. 

Similarly, the velocity of the reverse process, hydrolysis, is given by the 
equation : 

— C'ester*Cwater'K2, 

where Ceater and Cwater represent the molar concentration of these substances . 
and Kg is another constant. 

At equilibrium, the two reactions, esterification and hydrolysis, are pro- 
ceeding at equal speeds, so that % = Vg, or 

Cacld'C'alc’Kj = Cester'^water'Kg. 

From this we deduce the equation: 

Caeid’Calc 1^2 rr 

Ceater-Cwater” 

or, expressed in words, the ratio of the product of the molar concentrations of 
the reactants to the product of the molar concentrations of the products, is at 
equilibrium, equal to the reciprocal of the ratio between the velocity constants. 

From this equation, which is applicable to all bimolecular reactions where 
two substances A and B react to form two products C and D, it is readily seen 
that the process of esterification will proceed further if the ester or the water is 
removed from the reaction. Where the ester is readily volatile, this can be 
effected by distillation. 

It is important to realize that while the attainment of equilibrium may be 
markedly hastened by the use of various catalysts, the position of such equili- 
brium is in no way altered. A collection of the various calculations applicable 
to such reactions is foimd in Ber. 17 , 2177 : 19 , 1700. Menschutkin has investi- 
gated the ester formation of various homologous series of. acids and alcohols 
(Ann. 195 , 334 : 197 , 193 : Ber. 15 , 1445, 1572 : 21 , R. 41). It was found 
that the normal primary alcohols possessed the same velocity of reaction except 
methyl alcohol, which showed an increased value. The secondary alcohols 
entered more slowly into combination, and the tertiary slowest of all. Among 
the acids, formic acid exceeded that of acetic acid, and this in turn the homo- 
logues, in the initial velocity of esterification ; apart from this they showed a 
diminishing velocity with increasing molecular complexity. Acids in which 
a primary alkyl group was contiguous to a carboxylic group, had a grater 
velocity than when a secondary alkyl group occupied that position, which in 
turn was greater than when a tertiary group was substituted. 

From the practical point of view, direct esterification by the reaction between 
the acid and the alcohol is too slow, but by the addition of a strong mineral acid 
it can be markedly accelerated. ITie acceleration produced is proportional to 
the hydrogen ion concentration of the mixture. 

The process is therefore usually carried out in one of the following manners, 
(a) The acid or one of its salts is distilled with a mixture of the alcohol and 
sulphuric acid. This method is only applicable to the preparation of esters of 
low boiling point, (6) The acid is heated with five to ten times the quantity of 
about 5 per cent, alcoholic hydrochloric or sulphuric acid, for several hours, the 
excess alcohol distilled off, and the ester separated by dilution with water (Ber. 
28, 3201, 3215, 3252 : cf. Compt. rend. 156, 1620). In the case of acids which 
esterify with (3tifficulty, it is frequently desirable to dissolve the acid in excess 
alcohol and to saturate the solution with HOI gas {cf* Z. physikal. Chera. 66, 
276). (c) Another method of preparing esters consists in passing a mixture of 

the alcohol and acid over titanium oxide at 300® (Chem. Ztg. 57, 777). 

(2) Double decomposition of the alkyl esters of mineral acids with 
salts of the organic acids ; 

(a) By the action of the alkyl halides on salts of the acids, e.g. 
alkyl iodides and silver salts ; or conveniently, the thallium salts 
(J.C.S. 1926, 937) : 

CgHsI + CHjCOOAg * CHaCOOCgH^ + Agl. 
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[b) By the dry distillation of a mixture of the alkali salts of the 
fatty acids and salts of alkyl sulphates : 

+ CHjCOOK = CHaCOOCjHs + SO,< 3 i 

(c) The methyl ester can be prepared from the sodium or potas- 
sium salt of the acid and dimethyl sulphate (Ber. S7, 4144 : Ann. 
340 , 244) : 

* 2CH3COOK + (OH3)2S04 = 2CH3COOCH3 + KgSO^. 

(3<x) By the action of acid chlorides (p. 314) or acid anhydrides 
(p. 317) on the alcohols or alcoholates ; and by the action of anhydrides 
or acid chlorides on alcohols in the presence of tertiary bases such as 
pyridine (Ber. 34 , 3554) : 

C3H5OH + CHaCOCi = CH3COOC2H5 4 * HCl. 

C3H5OH + {CH3CO)30 = CHaCOOCaHs + CH3COOH. 

In these reactions, it is sometimes more convenient to employ instead of the 
simple alcoholates, the halogen magnesium alcoholates BOMgX (prepared from 
alkyl magnesium halides and alcohols), on account of their solubility in ether 
(Ber. 39 , 1736 ). 

(36) By the action of acid chlorides on alkyl ethers in the presence 
of zinc chloride, e,g, ethyl ether and acetyl chloride yield chloroethane 
and ethyl acetate (Compt. rend. 132, 1129). 

(4) By the action of diazomethane on the acids (Ber. 31, 501 : 
Monatsh. 22, 229) : 

R COOH 4- CH2N2 R-COOCHa + Ng. 

(5) Acid nitriles are converted directly into esters when they are 
dissolved in alcohol and are subjected to the passage of HCl gas, or 
are heated with dilute acid (p. 326). 

(6) Electro-syntheses of monocarboxyUc esters, see p. 298. 

(7) The fats, ix, the glycerides of the fatty acids, are converted 
into the esters of the simple alcohols when heated with the alcohol 
in presence of hydrochloric acid (Compt. rend. 143 , 657 : 146 , 259). 

Properties. — ^Usually, the esters of i&tty acids are volatile, neutral 
liquids, soluble m alcohol and ether, but generally insoluble in water. 
Jilany of them possess an agreeable fruity odour, and are prepared in 
large quantities, as they find extended application as artificial fruit 
essences. Nearly aU fruit-odours may be made by mixing the different 
esters. The esters of the higher fatty acids occur in the natural 
varieties of wax. 

Consult Ber. 14, 1274 : Ann. 218, 337 : 220, 290, 319 : 223, 247, 
upon the boiling points, the specific gravities and specific volumes of 
the fatty acid esters. 

Beactims. — (1) When the esters are heated with water they undergo 
a partial decomposition into alcohol and acid. This decomposition 
{sapmificaiim or hydrolysis) (p. 130) is more rapid and complete on 
heating with alkalis in alcoholic solution : 

CaHgO-OCsHs 4- KOH = C^HjO-OK + 

Consult Ann. 228, 257, and 232, 103 ; Ber. 20, 1634, upon the 
velocity of saponification by various bases. 

(2) Ammonia changes the esters into amides (p. 321) : 

CjHaO-OCaHs + KSg = CaHaO-NHj 4- CgHg-OH, 



FATTY ACID DERIVATIVES: ESTERS 313 

(3) The halogen acids convert the esters into acids and alkyl 
halides (Ann. 211, 178) : 

CgHaO-O-CaHj + HI = C2H3O OH -f 

This reaction enables the methoxy and ethoxy groups in esters 
to be estimated by Zeisel’s method (see p. 11). 

(4) By the action of PCI 5 the substituted hydroxyl oxygen is 
replaced by chlorine, and both radicals are converted into halogen 
derivatives. For the course of this reaction, see Oxalic ester. 

CaHgO-O-CgHs 4- PClg = CgHgO-Cl 4- C2H5CI 4- POCI3. 

(5) The esters of the higher alcohols break down into fatty acids 
and olefines when heated or distilled under pressure. The same 
change takes place with the lower esters under the catalytic influence 
of the oxides of titanium, thorium, etc. (Chem. Ztg. 37, 778). 

(6) By reduction with sodium and absolute alcohol, the esters are 
reduced to the primary alcohol corresponding to the acid (C. 1905, 
II. 1700) : 

CH3(CH2)4COOEt ^ CH3(CH2)4CH20H. 

(7) Potassium reacts with esters in absolute ethereal solution to 
form etiolates (Ber. 53, 388). Such enolates are very reactive com- 
pounds and play a part in the acetoacetic ester condensation (see 
p. 467) : 

2CH3-COOEt 4- 2K > 2CHa : C{OEt)(OK) + H^. 

The esters of formic acid have already been described (p. 283). 

Esters of Acetic Acid. — The methyl ester, methyl acetate, b.p., 

57*6®, Dq = 0*9577, occurs in crude wood-spirit. When chlorine acts on it the 
alcohol radical is first substituted : C2Hs02*CH2Cl, b.p. 150® ; C2H302'CHCl2, 
b.p. 148®. 

Ethyl ester, Ethyl acetate (loosely called acetic ether) {^ther aceticus of the 
B.P.), CHgCOOEt, b.p, 77®, m.p. — 82°, D© = 0*9238. It is obtained technically 
from alcohol, acetic acid and sulphuric acid, or more recently from acetylene, 
via acetaldehyde, the ester being obtained from the aldehyde by the action of 
aluminium ethoxide (D.R.P. 308043, C, 1918, II. 693) : 

CH : CH CH3*CH0 ^ CHgCOOEt. 

This method is also applicable to the preparation of higher esters (J.A.C.S., 
45, 3013 : c/, D.R.P. 282660 : C. 1915, 1. 616). 

It is a pleasant-smelling Uquid, largely used as a solvent and for the prepara- 
tion of acetoacetic ester. Chlorine produces substitution products by attacking 
the alkyl group. 

n-Propyl ester, b.p. 101® ; iaoPropyl ester, b.p. 91®. 

n-Butyl ester, b.p. 124° ; i&oButyl ester, b.p. 116® ; aea.’Butyl ester, b.p. Ill® ; 
tQTtn-Butyl ester, b.p. 96° ; n-Amyl ester, b.p. 148''', 

Methyl-n~ptQpylcarhinol acetate, b.p. 133°. Methylisopropylcarbiiiol acetate, 
b.p. 125°, is decomposed into amylene and acetic acid at 200®. 

iso Amyl acetate {acetic ester of fermentation amyl alcohol), b.p. 140°, in dilute 
alcoholic solution possesses the odour of pears and is employed as “ pear oil.” 
It is used also in the varnish industry. 

li^HeiJcyl ester, b.p. 169-170®, occurs in the oil of Heracleum giganteutn, and 
possesses a fruit-like odour. n-Octyl ester, b.p. 207°, is also present in the oil 
of Heracleum giganteum, and has the odour of oranges. 

AUyl ester, b.p. 98-100®, 

For higher acetic esters, see Ann. 233, 260. 

The acetates of the hypothetical aa-glycols, R*CH(0-C0CH3)2, have already 
been described in connection with the aldehydes (p. 244). The acetates of the 
polyhydric alcohols will be described later, under the alcohols from which they 
are derived. 
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Esters of Propionic Acid. — Methyl ester, b.p. 79*5° ; Ethyl ester, b.p. 98*8® ; 
XL‘Fropyl ester, b.p. 122® ; ^soBuiyl ester, b.p. 137® ; ieoAmyl ester, b.p. 160®, has 
an odour like that of pineapples (see Ann. 233, 253), 

Esters of n-Butyric Kcid*— Methyl ester, b.p. 102*3®, has an odour like that 
of apples ; ethyl ester, b.p. 120*9®, has a pineapple-like odoi^, and is employed 
in the manufacture of artificial rum. Its alcoholic solution is the artificial 
pineapple oil, 

u-Fropyl ester, b.p. 143° ; isoFropyl ester, b.p. 128° ; isoButyl ester, b.p. 157° ; 
iso Amyl ester, b.p. 178°, possesses an odour resembling that of pears ; n-Hexyl 
ester, b.p. 205° ; and n-Octyl eater, b.p. 244°, are found in the oil obtained from 
various species of Heracleum (see above) ; the octyl ester also occurs in Fastinaca 
sativa (Ann. 163, 193 ; 166, 80 ; 233, 272). 

Esters of «fioButyric Acid. — Methyl ester, b.p. 92*3° ; Ethyl ester, b.p. 110° ; 
n-Fropyl ester, b.p. 135° (Ann. 218, 334). 

Esters of the Valeric Acids. — n-Valeric ethyl ester, b. p. 144°, (Ann. 233, 
274); iso-Valeric ethyl ester, b.p. 135°; iso- FaZeric ieoamyl ester, b.p. 194°. 

Methylethylacetic ethyl ester, b.p. 133*5° (Ann. 195, 120) ; Trimethylacetic ethyl 
esUr, b.p. 118° (Ann. 173, 372). 

Esters of the Hexoic Acids. — n-Hexoic ethyl ester, b.p. 167° ; isoButylacetic 
ethyl ester, b.p. 161°. 

n-Heptoic ethyl ester, b.p. 187-188° ; n-Octoic ethyl ester, b.p. 207-208° 
(Ann. 233, 282) ; n-Nortoic ethyl ester, b.p. 227-228° ; n-Capric ethyl ester, b.p. 
243-245° ; n-Capric isoamyl ester, b.p. 275-290° (decomp.), is the principal 
constituent of the fusel oil of wine. 

Laurie ethyl ester, b.p. 269° ; Myristic ethyl ester, m.p. 10-11°, b.p. 295°. 

Spermaceti and the Waxes 

Some of the esters with high molecular weights occur already 
formed in spermaceti and the waxes. This fact has been noted in 
connection with the corresponding alcohols and acids. The waxes 
are distinguished from the fats in that they consist of esters of mono- 
hydric alcohols with high molecular weight, whereas the fats are the 
esters of the trihydric alcohol, glycerol. Spermaceti belongs to the 
wax variety. 

Spermaceti, Cetaceum, occurs in the oil from peculiar cavities in the heads 
of whales (particularly Fhyseter macrocephaius), and upon standing and cooling 
it separates as a white crystalline mass, which can be purified by pressing and 
recrystallization from alcohol. It consists of cetyl palmitate, CieHjiOg'CieHjj, 
m.p. 40°, which crystallizes from hot alcohol in waxy, shining needles or leaflets. 
It volatfiizes tmdecomposed in a vacuum. Distilled under pressure, it yields 
hexadecylene and palmitic acid. When boiled with alcoholic potassium hy- 
droxide it gives palmitic acid and cetyl alcohol (p. 149). 

Waxes. — Ordinary beeswax, m.p. 61—64°, is a mixture of cerotic acid, C2eH5202 
or C87H64O2, with myricyl palmitate, C„H„0 g'CgoHei. Boiling alcohol extracts 
the cerotic acid and the ester, myricin, remains (Ann. 224, 225). Consult Ann. 
235, 106, for other constituents of beeswax. 

Carnauba wax, m.p. 83°, occurs in the leaves of the carnauba tree, and contains 
free ceryl alcohol and various acid esters (Ann. 223, 283), 

Chitme wax or Insect wax is obtained by the Coccus ceriferus, Fabr., from 
the Chinese ash, Fraxinus cMnensis, It consists mainly of ceryl cerotate, 
Cg6H5i02*C2eH55, m.p, 81°, It is decomposed into cerotic acid and ceryl alcohol 
by alcoholic potassium hydroxide. 

2. ACID HALIDES, OR HALOID ANHYDRIDES OF THE FATTY 

ACIDS 

The acid halides (or haloid anhydrides of the acids) are the de- 
rivatives which arise in the replacement of the hydroxyl of acids by 
halogens ; they are the halogen compounds of the acid radicals. They 
have been termed haloid anhydrides, because they can be viewed as 
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mixed anhydrides of the fatty acids and the halide acids, as shown 
by method of formation ( 1 ) of the acid chlorides. 

Acid Chlorides. — Formution. — (1) From fatty acids and hydro- 
chloric acid, by means of P 2 O 5 : 

CHg-COOH -i- HCl CHa-COCl + H^O. 

( 2 ) By the action of hydrochloric acid gas on a mixture of an 
acid nitrile and a carboxylic acid or an anhydride at 0°. The hydro- 
chloride of the acid amide is produced at the same time (Ber. 29, 
R. 87) : 

CH3CN + CH3COOH + 2HC1 = CHaCONHg-HCl -h CH3COCL 

(3) By the action of chlorine on aldehydes : 

CH 3 COH + = CH 3 COC 1 -I- HCl. 

(4) A far more important method of formation consists in acting 
with phosphorus halides on the acids or their salts — ^just as the alkyl 
halides are produced from the alcohols (p. 161) : 

(а) CH3COOH + PCh = CH3COCI -f POCI3 -f- HCl 

( б ) 3 CH 3 COOH + PCI 3 = SCHgCOCl -I- H 3 PO 3 

(c) 2 CH 3 COONa -j- POCI 3 = 2 CH 3 COCI -f NaPOg -f NaCl. 

In the presence of an excess of the salt, the anhydride of the acid 
is obtained instead of the expected acid chloride. 

(5) Carbon oxychloride (Ber. 17, 1285 : 21, 1267) and thionyl 
chloride (C. 1901, II. 527) react similarly to the phosphorus chlorides 
on free acids and their salts ; as well as p-toluene sulphochloride or 
sodium chlorosulphonate, NaOSOgCl, on the salts (C. 1901, II. 518; 
1904, I. 65) when acid chlorides and anhydrides are formed : 

C 2 H 3 O OH -f COCI 2 =- C 2 H 3 OCI + HCl 
CHgCOONa -h KaOSOgCl -= CH 3 COCI + (Na 0 ) 2 S 02 . 

( 6 ) Acid chlorides are also produced by the interaction of phos- 
gene and zinc alkyls (p. 298). 


Historical, — Liebig and Wohler obtained the 6rst acid chloride in 1832, when 
they treated benzaldehyde, CeHgCOH, with chlorine and obtained benzoyl 
chloride, C 3 H 5 COCI, the chloride of the simplest aromatic acid — benzoic acid. 
In 1846, Cahours discovered the method of producing aromatic acid chlorides 
by the action of phosphorus pentachloride on monocarboxylic acids. Aeetyl 
chloride was first prepared in 1851 by Gerkardt (Ann. 87, 63) by treating sodium 
acetate with phosphorus oxychloride. 

Acid Bromides, — (1) The phosphorus bromides act like the corresponding 
chlorides on the fatty acids or their salts. A mixture of amorphous phosphorus 
and bromine may be employed as a substitute for the bromide itself. 

(2) The acid chlorides can be converted into the bromides by the action of 
excess of gaseous hydrogen bromide (Ber. 46, 1417, 2162). 

(3) An interesting method for preparing the bromides of brominated acetic 
acids consists in acting with air on certain bromide derivatives of ethylene, 
whereby oxygen is absorbed, and an intramolecular atomic rearrangement takes 
place. The reaction probably proceeds via the intermediate formation of an 
ethylene oxide (see p. 367 and Ber. 46, 143 : J. pr. Chem. [2], 85, 78). 


CH.-CBro 
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> CHgBr COBr, 


CHBr==CBr, 


> OHBrj-COBr. 
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Acid Iodides. — Phosphorus iodide does not convert ’the acids into iodides of 
the acid radicals ; this only occurs when the acid anhydrides are employed. 
They are also produced by the interaction of acid chlorides and hydriodic acid 
or calcium or magnesium iodides. 

Acid Fluorides. — Acetyl fluoric is a gas with an odour resembling that of 
phosgene. It is formed in the action of AgF or AsFg on acetyl chloride. A 
better procedure consists in allowing acid chlorides to act on anhydrous zinc 
fluoride. Propionyl fluoride, CHs'CHg'COF, b.p. 44® (C. 1897, I. 1090). 

Properties and Beactions . — ^The acid halides are sharp-smelling 
liquids, which fume in the air. They are heavier than water, (1) 
At ordinary temperatures in contact with water they decompose, 
forming carboxylic acids and halogen acids. The more readily soluble 
the resulting acid is in water, the more energetic will the reaction be. 

The aoid chlorides act similarly on many other bodies. (2) They 
yield esters, with the alcohols or ^coholates (p. 312). (3) With salts 
or acids they yield acid anhydrides (p. 317), and (4) with ammonia, 
the amides of the acids, etc. (p. 321). (5) Tertiary amines withdraw 
HCl from the acid chlorides, possibly with the intermediate formation 
of ketens, R 2 C=CO, which undergo further change. Acetyl chloride 
yields dehydracetic acid, CsHgOi {q-v .) ; isobutyryl chloride gives 
tetramethyldiketoci/dobutane [(CH 3 ) 2 C*CO ]2 (Vol. II) (Ber. 39, 1631). 

(6) Sodium amalgam, or better, sodium and oxalic acid (Ber. 2, 
98), will convert the acid chlorides into aldehydes (p. 226), which 
can be further reduced to primary alcohols (p. 131). In the presence 
of “ sulphured quinoline ’’ the reduction to aldehydes can be carried 
out catalytically by hydrogen and palladium (Ber. 51, 585 : 54, 2888 : 
55, 609). 

(7) They yield ketones and tertiary alcohols when treated with 
the zinc alkyls (pp. 257, 132). (8) By the action of silver cyanide 
they pass into the acyl cyanides, which are described as the nitriles 
of the a-ketone carboxylic acids. (9) Di- and poly-carboxylic acids, 
having the power of forming anhydrides, are converted into their 
anhydrides when treated with acid chlorides. 

(10) The acid chlorides react with diazomethane with the primary 
formation of a diazoketone : 

R-COCl + CH2N2 ^ R-CO'CHNa + HCl. 

Under certain circumstances a chloro-ketoxie is formed by the action 
of the halogen acid on the diazo compound (J.C.S. 1928, 1310, 2904 : 
see, however, J.C.S. 117, 1153 : J.A.C.S. 46, 2554 : Ber. 60, 1026, 
where the primary formation of a chloroketone is postulated). 


Acetyl chloride, Ethanoyl chloride, CHs'CO'Cl, b.p. 55°, = 1*130, is 

formed according to the general methods applied in the production of acid 
chlorides, and is prepared by carefully distilling a mixture of acetic acid (3 
parts) and PCis (3 parts), or, by heating POCI3 (2 molecules) with acetic acid 
(3 molecules), as long as HCl escapes, and then distilling (Ann. 175, 37$). The 
acetyl chloride is purified by a second distillation, this time over a little dry 
sodium acetate. 


It is a coiourle^ pungent-smelling liquid, rapidly decomposed by water, with 
formation of acetic acid. Chlorine reacts with acetyl chloride to form the 
chlorides of the chlorinated acetic acids. It reacts with aluminium chloride 


to produce acetylacetone 

Acetyl bromide, b,p. 81®. Acetyl iodide, b.p. 108®. 

Propionyl chloride, CHa'CH^COa, b.p. 80® ; bromide, b.p. 104® ; iodide, 
b.p. 127®. 
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Butyryl chloride, C4H7OCI, b.p. 101” (Ber. 34,4051). Aluminium chloride 
eliariges it to triethyl phloroglueinol (Ber. 27, K. 607 ; bromide, b.[j. 128” ; n- 
'iodide, b.p. 146° ; M’oButyryl chloride, (CH3)aCH-COCl, b.p. 02° ; bromide, 
b.p. 116°. 

Valeryl chloride, b.p. 127° ; e^oValeryl chloride, CsHgOCl, b.p. 114*6° ; 
bromide, b.p. 143° ; iodide, b.p. 168°. Trimethylacetyl chloride, b.p. 105-106°- 

n-Caproyl chloride, CH 3(0112)40001, b.p. 146° ; Diethylacetyl chloride, 
(C2H5)20H0001, b.p. 136°; Dimethylethylacetyl chloride, (0H3)2(C2H5) 
0*0001, b.p. 132°. 

Consult Ber. 17, 1378: 19 , 2982 : 23, 2384, for the chlorides of the higher 
fatty acids. 

The boiling point of the normal acid chlorides shows an increase of 48° between 
each member of the series and its next but one higher member. This interval 
is made up of 28° between a chloride containing an even number of carbon 
atoms and the next higher member, which, of course, contains an odd number, 
and 20° between this and the next higher which possesses an even number of 
carbon atoms (0. 1899, I. 968). 

Mixed Anhydrides with Inorganic Oxyacids 

The mixed anhydrides of a fatty acid with the various inorganic oxyacids 
can be conveniently dealt with in this section. 

Acetylsulphuric acid, CHa-CO-O-SOsH. — This compound is formed when 
sulphur trioxide acts on acetic acid below 0°, On heating to 70°, sulphoacetic 
acid, SOgH-CHg’COOH, is the principal product. It acts as a vigorous acetylat- 
ing agent, such substances as tribromophenol being readily acetylated. Under 
suitable conditions it acts as a sulphonating agent, and benzene is sulphonated 
to benzenesulphonic acid {van Peski, Rec. Trav. Chim. 40 , 103). 

Diacetyl orthonitric acid, (CH3COO)2N(OH)3, b.p. 128°, Di5=l*197, results 
when nitric acid (D. = 1*4) reacts with acetic anhydtide, or glacial acetic acid 
with fuming nitric acid. It is a colourless liquid, fuming in air, and decomposed 
by water into acetic and nitric acids. It possesses an oxidizing and nitrating 
action. Excess of acetic anhydride converts it into tetranitromethane, C(N02)4 
(Ber. 35, 2526 ; 36, 2225). 

Acetyl nitrite, CHgCOO-NOa, b.p. 22° jn mm., is prepared from NgOs and 
acetic anhydride. It is a colourless mobile liquid, fuming in air, and explodes 
when rapidly heated. At 60° it evolves nitrous fumes and forms tetranitro- 
methane. With alcohol it forms a mixture of acetic and nitric esters. It is 
strong nitrating mixture for benzene derivatives (C. 1907, I, 1025). 

Acetyl nitrite, CH3COO*NO, is obtained from silver acetate and NOCl, and 
forms an easily decomposed golden-yellow liquid (C. 1904, II. 511). 

Acetyl chromate, (CH3C00)Cr03H, results from mixing CrOg and glacial 
acetic acid (Ber. 36, 2215). 

Triacetyl borate, m.p. 121°, is obtained from B2O3 and acetic anhydride. 
Alcohols produce from it boric ester, whilst carboxylic acids give rise to other 
mixed boric anhydrides, such as tristearyl borate, (CigH3502)B, m.p. 71° (Ber. 36, 
2219). 

Acetyl arsenite, m.p. 82°, b.p. 165-1 70°/31 mm., is formed from AsgOg and 
acetic anhydride (C. 1906, I. 21). 


3. CARBOXYLIC ACID ANHYDRIDES, ACYL OXIDES 


The acid anhydrides are the oxides of the acid radicals. In those 
of the monobasic acids two acid radicals are united by an oxygen 
atom ; they are analogous to the oxides of the univalent alcohol 
radicals — ^the ethers. 

The simple anhydrides, containing two similar radicals, can usually 
be distilled, whilst the mixed anhydrides, with two dissimilar radicals, 
decompose when heated, into two simple anhydrides : 
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Hence they cannot be separated from the product of the reaction by 
distillation, but have to be dissolved out with ether. 

Formyl acetyl oxide, HCO-O-COCHa, however, can be volatilized 
unchanged under reduced pressure. 

Methods of Formation. — (la) The chlorides of the acid radical are 
allowed to act on anhydrous salts, such as the alkali salts of the 
acids : 

CjHjOOK + CjHsOa = c!h 30 >° + 

(16) The anhydrides of the higher fatty acids can also be pro- 
duced by the action of acetyl chloride (Ber. 10, 1881 : Bull. Soc. 
Chim. [ 4 ] 5, 920) or acetic anhydride (Ann. 226, 12 : C. 1899, I. 
1070) on the free acids; in the latter case mixed anhydrides are 
also obtained. The action of the chloride on the free carboxylic 
acids is assisted by the presence of a tertiary base, such as pyridine, 
quinoline, or triethylamine, which takes up the hydrochloric acid set 
free during reaction (Ber, 34, 2070 : C. 1901, II. 543). 

(2) Phosphorus oxychloride (1 molecule) acts on the dry alkali 
salts of the acids (4 molecules). The acid chloride, which is first 
produced, reacts immediately on its formation with the excess of 
salt : 

I. 2CaH30-0K: + POCI3 = 2C2H30-C1 + KPO3 + KCl 
II. CaHjO'OK + CaHaO-Cl = (C3H30)30 + KCl. 

(3) Phosgene, COCI 2 , acts like POCI 3 . In this reaction acid 
chlorides are also produced (p. 316). 

(4) A direct conversion of the acid chlorides into the correspond- 
ing anhydrides may be effected by the action of the former on an- 
hydrous oxalic acid (Ann. 226, 14) : 

2C2H3OCI + C3O4H3 - (C 3 H 30)30 + 2 HCI + CO3 + CO. 

Historical. — Gerhardt (1851) discovered the acid anhydrides. The important 
bearing of this discovery upon the type theory has already been alluded to in 
the Introduction. 

Properties and Reactions. — ^The acid anhydrides are liquids or 
solids of neutral reaction, and are soluble in ether. Their boiling 
points are higher than those of the corresponding acids. 

(1) Water decomposes them into their constituent acids ; 

(CHgCOlaO + H2O = 2CH3COOH. 

(2) With alcohols they yield the esters (0. 1906, II. 1043) : • 

(CHaCOljO 4- CaHgOH = CH3COOC3H3 + CHgCOOH. 

(3) Ammonia and primary and secondary amines convert them 
into amides and ammonium salts : 

(CHgCOJaO 4 - 2NH3 = CH3CONH3 4 - CH3COOKH4. 

(4) Heated with hydrochloric acid, hydrobromic and hydriodic 
acids, they decompose into an acid halide and free acid : 

(CH3C0)30 + HCI = CH3COCI 4 - CH3COOH. 

(5) Chlorine splits them up into acid chlorides and chlorinated 
acids ; 

(CHaCOjO 4- CI3 - CHsCOOi 4- CaCH^COOH. 
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(6) Sodium amalgam changes the anhydrides to aldehydes and 
primary alcohols. 

(7) Aldehydes and acid anhydrides combine to form alkylidene 
diacetates (Ann. 402, 115). 

Simple Anhydrides. — Acetic anhydride, (CH 3 * 00 ) 20 , is a mobile pungent 
liquid, b.p. 139°, == 1*0820 (J.C.S, 101 , 1720). It is decomposed by a 

heated platinum spiral dipping into the liquid with formation of keten (p. 270). 

It is prepared by distillation of a mixture of anhydrous sodium acetate (three 
parts) and POClg (one part) ; or of the product of reaction of equal parts of 
acetyl chloride and sodium acetate. The anhydride can be dissolved unde- 
composed in about ten parts of cold water, and in this form may be used 
for acetylating amino-bases in aqueous solution (C. 1905, II. 466 ; 1906, II. 1042). 

Propionic anhydride, ( 03115 ) 20 , b.p. 168°. Butyric anhydride, b.p. 199°. 
imButyric ayihydride, b.p. 181*5°. n-Gaproic anhydride, b.p. 242°, with decom- 
position. CEnanthic anhydride, m.p. 17°, b.p. 164°/15 mm. n-Ociylic anhydride, 
m.p. — 1°, b.p. 186°/15 mm. Pelargonic anhydride, m.p. 16°, b.p. 207°/15 mm. 
Palmitic anhydride, m.p, 64°. Stearic anhydride, m.p. 72° (C. 1899, I. 1070 : 
Ber. 33, 3576). 

Further anhydrides, see Ber. 58, 1418. 

Mixed Anhydrides. — Acetyl formyl oxide, HCO-O-COCHg, b.p. 29°/18 mm., 
is prepared by mixing formic acid and acetic anhydride in the cold, a reaction 
which can be employed for the formation of higher homologues. At ordinary 
pressures it boils with partial decomposition. Quinoline liberates CO, and 
alcohols form formyl esters (C. 1900, II. 750). For other mixed anhydrides, 
see Ber. 34, 168. 

4. PER-ACIDS AND ACYL PEROXIDES 

The per-acids (hydroperoxides), R’COOgH, and the acyl peroxides, (R*CO) 202 , 
can be regarded as derivatives of hydrogen peroxide in which one or two hydrogen 
atoms have been replaced by acyl groups. 

The per-acids are formed by the action of pure hydrogen peroxide on the 
acids or acid anhydrides in presence of a little strong sulphuric acid (d^Ans, 
Ber. 45, 1845 : Z. anorg. Chem. 84, 145) : 

CH3COOH -f H2O2 ^ CH3COO2H + HgO 

(CH3C0)2H + HgOg ^ CH3COO2H + CH3COOH. 

The per-acids are the primary autoxidation products of the aldehydes (D.R.P. 
269937 ; C. 1914, I. 716). 

Peracetic acid {Acetyl hydroperoxide), CHgCOOgH, m.p. 0*1°, is a clear, pungent- 
smelling liquid. It explodes violently on heating. It is most readily obtained 
by the action of HaOg on acetic-boric anhydride (p. 317) Perpropionic acid {Pro- 
pionyl hydroperoxide), b.p. 25°/20 mm., m.p. —13*5°. 

The peroxides of the acid radicals are prepared by heating the chlorides or 
anhydrides in ethereal solution with barium peroxide {Brodie, Fogg. Ann. 121 , 
382), or by the action of the ice-cold chloride on sodium peroxide hydrate (Ber. 
33, 1043) : 

(C 2 H 30)20 + BaOj - (CgHgOaOg + BaO, 

Diacetyl peroxide, m.p. 30°/ b.p. 63°/21 mm., possesses a sharp odour like 
ozone. It is insoluble in water, but easily soluble in alcohol and ether. It is 
very unstable and acts as a strong oxidizing agent, liberating iodine from a KI 
solution, and decolorizing a solution of indigo. Sunlight decomposes it, and it 
explodes violently on heating. Propionic peroxide, (CgHgOlgOg, is obtained from 
propionic anhydride and BaOj : it is a liquid (C. 1903, I. 958). 

Reactions of the peroxides : see Ber. 59, 662. 

5. THIO-ACIDS 

By the replacement of oxygen in the carboxyl group by sulphur, the thio- 
acids are formed. 

( 1 ) The mouothio acids, which in the free condition probably have the 
constitution R*CO'SH (see Ber. 46, 3581), form derivatives both of tim form 
{carbothiolic acids) and also of the tautomeric formi {carbothionic adds). 
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Thioa<jetki acid, C^Hj^-COSH, was obtahiod hy KcJciiU (Ann. 90, IJ09) whoa 
phosphorus pentasulphide acted on acetic a<nd. In its preparation it is advisable 
to mix the P^Ss with half its weight of coarse fragments of glass : 

SC^HaO-OH + P2S5 - SCAO-SH + Vfi,, 

The thio -anhydrides arise in the same manner by the action of phosphorus 
sulphide on the acid anhydrides. The thio-acids are produced by the action 
of acid chlorides on potassium hydrogen sulphide, or from phenyl esters and 
NaSH in alcoholic solution (C. 1903, I. 816). 

Thioacetic acid, methanecarhothiolic acid, CH3COSH, b.p. 93°, Djo — 1*074, 
is a colourless liquid. Its odour resembles those of acetic acid and hydrogen 
sulphide. It dissolves with difficulty in water, but readily in alcohol and in ether. 
This acid has been recommended as a very convenient substitute for hydrogen 
sulphide in analytical operations (C. 1901, 1. 1148) and is a suitable reagent for 
acetylating amines (Ber. 35, 110). The lead salt, (C2H30‘S)2pb, crystallizes in 
minute needles, and readily decomposes with the formation of lead sulphide 
(C. 1897, I. 1090 : H. 770). 

When thioacetic acid is heated with zinc chloride, there is formed tetraethenyl 
hexasulphide, (CH3C)4S6, m.p. 224® (Ber. 36, 204). 

Thiopropionic acid, ethanecarbothioUc acid, CgHsCOSH, from ethyl mag- 
nesium bromide and carbon oxysulphide, see Ber. 36, 1009. 

Acetyl sulphide, (C2H30)2S, b.p. 157°, is a heavy yellow oil, insoluble in 
water. Water gradually decomposes it into acetic and thioacetic acids (Ber. 24, 
3648, 4261). 

Acetyl disulphide, (G 23130)282, is formed when acetyl chloride acts on 
potassium disulphide, or iodine on the salts of the thio-acid. 

^ The S-esters are obtained when the alkylhalides react with the salts of the 
thio-acids, and the acid chlorides with the mercaptans or mercaptides. 

They also appear in the decomposition of alkyl isothioacetanilides with dilute 
hydrochloric acid : 

+ H^O = CH,-C0-S-C,H5 + NH,-CeH,. 

Ethyl ifiothioacetanilide. Thioacetic ester. Aniline, 

Concentrated potassium hydroxide decomposes the esters into fatty acids and 
mercaptans. 

Thioacetic 8-ethyl ester, ^ CHa'CO-SEt, b.p. 115°. 

The 0- esters are obtained by the action of magnesium alkyl halides on the 
0-esters of chiorothiofonnic acid (Compt. rend. 153, 279) : 

Cl'CS-OEt 4- MgMel ^ Me-CS-OEt MgClI 

or by the action of hydrogen sulphide on imidoethers (C. 1909, II. 423) : 

CH3 -C( j NH)*OEt + HgS CHa-CS-OEt NH3. 

Thioacetic acid 0 -ethyl ester, CH3*CS*OEt, b.p. 109°, is a bright yellow oi^ 
with an unpleasant odour. Thiopropionic acid 0-ethyl ester, b.p. 131°. 

(Under certain circumstances, the alkyl group may migrate from oxygen to 
sulphur see phenyl thioearbonate, Ber. 63, 178). 

(2) Dithio Acids {Oarbodithioic acids)* — Just as carboxylic acids result from 
the treatment of acetyl magnesium halides with COg, so the doubly sulphur- 
substituted carboxylic acids are prepared by the action of CSo on the alkvl 
magnesium halides: 


CH3MgI -f C< 






reddish-yellow oils, of an offensive odour, which can be distilled 
recomposition. They are strong acids, easily oxidized in the air to 
solid, stable, yellow disulphides, RCSS-SOSR. 

Meth^mmrhodithwic add, CH3CS2H, b.p. 37°/15 mm., = 1*24, is prepared 
from methyl magnesium iodide and CSg. It is a reddish-yellow oil, of an ex- 
eeeumgiy penetrating and repulsive odour ; it dissolves with, difficulty in water. 

m organic solvents. Bthanecarbodithioic acid, aHsCSoH, bp 

5^713 mm. isoButanicarbodithiim 
im M ^oPentamcarbodUhioic acid, b.p. 84°/10 mm. (Ber. 40, 
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6. ACID AMIDES 

These correspond with the amines of the alcohol radicals. The 
hydrogen of ammonia can be replaced by acid radicals, forming 
primary, secondary and tertiary acid amides : 

CHaCO-NHjs (CHgCOlaNH (CH3CO)3N 

Acetamide (primary). Diacetamide (secondary). Triacetamide (tertiary). 

The primary acid amides have as isomers, the imido-ethers (p. 328) of the 
formula To benzamide (Vol. II) is ascribed, not only the formula 

O OH 

, but also since the silver derivative and iodoethane 

^ OC H 

give benzimido -ethyl ether, CgHsC The sodium derivative is the only 

one which, on reacting with iodoethane, gives a benzamide in which the imide 
group is ethylated (C. 1900, I. 1070 : Ber. 34 , 1614). The constitution of 
the free amide cannot be deduced from the reactions of its metallic derivatives 
any more than that of acetoacetic ester can be deduced from the reactions of 
its sodium derivative. 

The hydrogen of primary and secondary amines, like that of 
ammonia, can be replaced by acid residues, giving rise to substituted 
amides. 

General Methods of Formation, — (1) By the dry distillation of the 
ammonium salts of the acids of this series. A better yield is obtained 
by merely heating the ammonium salts to about 230° (Ber. 16 , 979) 
(Kiindigj 1858). (This method was first applied (1830) by Dumas to 
ammonium oxalate with the production of oxamide) : 

CH3CO-ONH4 = CHaCONHg + llfi. 

Ammonium acetate. Acetamide. 

A mixture of the sodium salts and ammomum chloride may be substituted 
for the ammonium salts. Consult Ber, 17, 848, upon the velocity and limit of 
the amide production. 

(2) By the action of ammonia, primary and secondary amines on 
the esters whereby Liebig, in 1834, obtained oxamide from oxalic 
ester : ' 

CH3CO*OC3Hfi + ISTHa = CHeCO-NHa + 

Acetamide. 

CHaCO-O-CaH* + CaHg-NHa - CH3CONHC3H5 + C^Hs-OH. 

Acetethylamide. 

This reaction takes place in the cold, particularly in the case of water-soluble 
esters ; or the ester may be heated with an aqueous or alcoholic solution of 
ammonia. 

It is one of the so-called reversible reactions, inasmuch as the action of 
alcoliols on acid amides again produces esters and ammonia (Ber. 22, 24). 

(3) By the action (a) of acid halides, (6) of acid anhydrides on 
ammonia, primary and secondary alkylamines. This was the method 
which Liebig and Wohler first used in 1832 to prepare benzamide 
from benzoyl chloride. 

( 3 a) CH3COCI + 2NH3 = CH3CONH3 + NH^a 

Acetamide. 

CHjCOCl + aNHaCjHs = CHsCONHCjH, + N(Ci5H,)H3Ca 

Acetethylamide. 

CH3COCI + 2NH(C3H5)2 == CH3CON(CaH5)3 -f N(C3H3)3HgCl. 

Acetdiethylamide. 
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This method is especially well adapted for obtaining the amides 
of the higher fatty acids (Ber. 15 , 1728) : 

(36) (CHaCOlaO + 2NHj = CHaCONHj + CHj-COjNHi 

{CH,C0)*0 + 2 NHAHs = CHaCONHCjHs + CHaCO^NH^CsHs. 

(4) By the addition of one molecnle of water to the nitriles of the 
acids (p. 324) : 

CHjCN + HjO (180°) = CHjCONHj. 

Acetonitrile. Acetamide. 


This addition of water frequently occurs in the cold by the action of concen- 
trated hydrochloric acid, or by mixing the nitrile with glacial acetic acid and 
concentrated sulphuric acid (Ber. 10, 1061).. Hydrogen peroxide in alkaline 
solution also converts the nitriles, with liberation of oxygen, into amides (Ber. 18, 
355). For the action of hydrochloric acid on a mixture of nitrile and fatty 
acid see (2), formation of acid chlorides. 


(5) By the distillation of the fatty acids with potassium thio- 
cyanate : 

2C2H30-0H + KSNC = -f CgHaO-OK + COS. 

Simply heating the mixture is more practical (Ber. 15, 978 ; 16, 2291). 
In makmg acetamide, glacial acetic acid and ammonium thiocyanate are heated 
together for several days. By this reaction the aromatic acids yield nitriles. 


(6) By the interaction of fatty acids and carbylamines (p. 293) : 

2CH3COOH + C : N-CHa = HCONHCH3 + (CH3C0)20. 

Methylformamide. 

(7) By the action of the fatty acids on t^ocyanic esters (q.v.) : 

CH3COOH + CON-CaHg - CHs-CONHCgHg + COg. 


Secondary and tertiary amides are obtained (1) by heating 
primary acid amides (Ber. 23, 2394), alkyl cyanides or nitriles with 
acids, or acid anhydrides, to 200*’. 


CH3CONH2 -h (CH3C0)20 = (CHaCOlgNH + CH3COOH 
CH3CN + CH3COOH = (CH3C0)2NH 
Diacetamide. 


CH3CN -f (CHsCO)^ = (CH3C0)3N. 

Triucetamide. 


Diacetamide is also prepared by the action of acetyl chloride on 
acetamide in solution in benzene (C. 1901, I. 678). 

(2) The secondary amides can also be prepared by heating primary 
amides with dry hydrogen chloride : 

2C2H3ONH2 -f HCl = (CgHsOaNH + NH4CI. 

Diacetaiiiide. 

(3) Secondary amides are formed by heating acid anhydrides with 
potassium cyanate (Ber. 47, 267). 

(4) Substituted secondary amides are further produced by the 
action of esters of ^socyanic acid on acid anhydrides : 

(CAOgO + CO ; N-C^Hg = -f CO^. 

Diacetethylamide. 

Pfopefties undMea£>ti(ms, — ^The amides of the fatty acids are usually 
solid, crystalline bodies, soluble in both alcohol and ether. The 
lower members are also soluble in water, and can be distilled without 
decomposition. As they contain the basic amido-group they are 
al^ to unite directly with acids, forming salt-like derivatives, €.g. 
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C 2 H 30 NB[ 2 ‘HN 03 and (CH3C0NH2)2*HC1, but these are not very 
stable, because the basic character of the amido-group is greatly 
weakened by the acid radical. Furthermore, the acid radical im- 
parts to the NH 2 -group the power of exchanging a hydrogen atom for 
metals, such as mercury or sodium (Ber. 23, 3037 : C. 1902, II. 787), 
forming metallic derivatives, e.g. (CHs-CO-NHig-Hg— mercury aceta- 
mide, analogous to the salts of the imides of dibasic acids. 

Reactions, — (1) The C’N linkage in the amides is very much more 
easily broken than that in the amines, and the amides readily take 
up water with the formation of the ammonium salts, or the acids 
and ammonia. Heating with water effects this, although it is more 
easily accomplished by boiling with alkalis or acids. This reaction 
is termed hydrolysis. 

CHaCO-NHa + HaO = CHaCO-OH + NH 3 . 

(2) Nitrous acid decomposes the primary amides similarly to the 
primary amines (p. 194), with the formation of a carboxylic acid 
and nitrogen. 

CaHaO’NHa "H HNOa — CaHaO'OH -j- Na “f" HaO. 

Acid amides, which hydrolyse with difficulty, may be dissolved 
in concentrated sulphuric acid, to which sodium nitrite is added in 
the cold (Ber, 28, 2783). 

(3) Bromine in alkaline solution changes the primary amides to 

bromoamides (Ber. 15, 407 and 752) : ^ 

CaHsO NHa -f = CaHjO-NKBr + HBr, 
which then form amines (p. 191). 

(4) On heating with phosphorus pentoxide or chloride, they part 
with one molecule of water and become converted into nitriles (cyanides 
of the alcohol radicals) ; 

CHs-CO-NHa = CHa-CN + HaO. 

With PCI5 the replacement of an oxygen atom by two chlorine 
atoms takes place ; the resulting chlorides, like CHs-CCIg’NHa, then 
lose, upon further heating, two molecules of HCi with the formation 
of nitriles. 

(5) The acid amides condense with chloral to compounds of the 
type CCl 3 CH(OH)*CH-COR, which by the action of acetic anhydride 
and alkali yield anhydro derivatives with an ether linkage, of the 
general formula R*CO-NH-CH(CCl3)-0-CH(CCl3)-NH-CO-R (Ber. 45, 
945 : 47, 1173). 

Formamide, H-CONHa. Sq© p. 284. 

Acetamide [Ethanamide] , CHsCO-NHg, m.p. 82®, b.p. 222®, crystallizes 
in long needles. It dissolves with ease in water and alcohol. In explaining 
the methods of producing the amides, and in illustrating their behaviour, acet- 
amide was presented as the example. Dumas, Leblanc, and Malaguti first 
prepared it in 1847, by allowing ammonia to act on acetic ester. For the prep- 
aration of acetamide from ammonium acetate, see C. 1906, 1. 1089 : J.A.C.S, 
35, 1780. 

Acetomethylamide, CH 8 *CONHCHs, m.p. 28®, b.p. 206° ; Acetodimethylamide, 
CH 3 'C 0 ‘N(CH 3)2 b.p. 165*5® ; Acete&ylamidef b.p. 205° ; Aceioduthyktmide, b.p. 
185-186®. Methyhm diacetamide, CH 2 (NHCOCHs) 2 , m.p. 196®, b.p. 288° (Ber. 
25, 310). 

CMorahceiamide, CCIsCH( 0 H)NHC 0 CH 3 , m.p. 158® (Ber. 10, 168). Aw- 
hydroG^Uoral acetamide, [CH 3 -CO*NHCH(CCl 3 )]tO, imp. 213® (Ber. 45, 957). 
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Acetamide and butyl chloral yield two isomeric compounds, m.p. 158° and 170° 
respectively (Ber. 25, 1690). 

Diacetamide, (CaHaO)^^, m.p. 77°, b.p. 222-5-223-5°, is readily soluble 
in water. (Preparation, p. 322). Diacetmethylamide (CHgCO)oN*CH3, b.p, 192°. 
Diacetethylamidef b.p. 185-192°. 

Triacetamide, (C2HsO)3N, m.p. 78-79°. (Preparation, p. 322). 

Acetochloroaniide^ CH3CONHCI, m.p. 110°, Acetobro7noamidey CHgCONHBr 
4- HgO, forms large plates, and melts in an anhydrous condition at 108° (Ber. 
15, 410). The production of acetochloroamylamide, CHgCO-NClOgNu, from 
hypochlorous acid and acetoamylamide, and from acetic anhydride and chloro- 
amylamine in glacial acetic acid (Ber. 34, 1613), is taken as a demonstration 
that in such compounds the halogen atom is joined to the nitrogen atom. 

Higher homologous primary Acid Amides t 

Propionamide, m.p. 75°, b.p. 210°. 

n-Butyramidey m.p. 115°, b.p. 216°. i&oButyramide, m.p. 128°, b.p. 216-220°. 

n-Valeramidey m.p. 114-116°. Trimethylacetamide, m.p. 163-154°, b.p. 212°. 

n^Capronamide, m.p. 100°, b.p. 225° ; MethyUn-propylacetamidet m.p, 95° ; 
Methylmopropylacetammei m.p. 129° ; iaoButylacetamide, m.p. 120° ; Diethyl- 
acetamide, m.p. 105°, b.p. 230-235° ; (Enanthamidey m.p. 95°, b.p. 250-258° ; 
n-Gaprylamide, m.p. 10^106° ; Pelargonamide, m.p. 92-93° ; n-Caprinamide, 
m.p. 98°. 

Lauramide, m.p. 102°, b.p. 199-200°/12-5 mm. ; Tridecylarnidey m.p. 98*5° ; 
Myriatamide, m.p. 102°, b.p. 217°/12 mm. ; Palmitamidey m.p. 106°, b.p. 235- 
236°/12 mm. ; Stearamidey m.p. 108*5-109°, b.p. 250-251°/12 mm. (Ber. 15, 
977, 1729: 19, 1433 : 24, 2781: 26, 2840). 

7. ACID HYDRAZIDES 

The mono-acyl hydrazides (C. 1002, I. 21) are obtained together with the 
fij/w.-diacylhydrazines by the interaction of hydrazine and the esters, while the 
latter are also prepared from hydrazine and the acid anhydrides (Ber. 34, 187). 
The latter-named bodies can also be obtained by heating monoacyl hydrazines, 
and by treating them with iodine. 5$/m.-Diacetohydrazide, heated with acetic 
anhydride, yields triacetohydrazide and tetraacetohydrazide (Ber. 32, 796). 

The mono-acyl hydrazides condense with aldehydes and ketones with the 
elimination of water. The 52/^*'^ii®®y^bydrazines react with zinc chloride or 
phosphorus pentoxide to form dialliylfurodiazoles ; with alcoholic ammonia, 
yielding dialkylpyrrodiazoles ; and with phosphorus pentasulphide, forming 
dialkylthiodiazoles (Ber. 32, 797). 

Acetohydrazide, CHgCONH'NHa, m.p. 62°. Aceiohenzalhydrazine, CH3CO- 
NH*N : CH-CgHs, m.p. 134°. a'ynx,-Diacetohydrazine, m.p. 138° ; b.p. 209°/15 mm. ; 
ifiaeetohydrazine, b.p. 181°/15 mm. ; tetraacetohydraziney m.p. 85°, b.p. 141°/16 mm. 

8. ACID AZIDES 

The azides, R'CO'Ng, show some similarities in behaviour to the acid halides, 
but win be treated here on accoimt of their relation to the hydrazides. 

They are formed by the action of sodium nitrite on the hydrochlorides of 
the monoacyl hydrazines. 

When heated in indifferent solvents, the azides break down into nitrogen and 
iwcyanic esters. (Curtius transformation, see p. 191 and Ber. 42, 3356.) If 
hydroxylio solvents are employed, the products are those derived from the 
iaocyanate and the solvent, e,g, in aqueous solution, dialkylureas and in alcoholic 
urethanes ; 

CHg-CO'Na > [CH3*C0-N<] 4- Ng : C : O 

Proptorntzide, C^Hs'CC-Ng, is a colourless, mobile, volatile liquid with a 
pungent smell (J, pr. Ohem. [2] 64, 408). 

9, NITRILES OR ALKYL CYANIDES 
The mtriles or alkyl cyanides are the alkyl esters, R-CN, of hydro- 
cyanic acid. Being intermediate steps in the synthesis of the fatty 
acids from the alcohols, these nitriles merit especial consideration. 
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General methods of preparation : 

(1) Nucleus-synthesis from the alcohols : (a) by heating the alkyl 
halides with potassium cyanide in alcoholic solution to 100® ; (5) by 
the distillation of potassium alkyl sulphates with potassium cyanide 
(hence the name alkyl cyanides) : 

(la) CaHgl + KNO - CaHgCN + KI 

(16) J5:S04-CaH5 -f KNC = CaHgCN -f K 2 SO 4 . 

isoCyanides (p. 293) form to a slight extent in the first reaction. 
They can be removed by shaking the distillate with aqueous hydro- 
chloric acid (whereby the isonitrile is converted into formic acid and 
a primary amine), until the unpleasant odour of the isocyanides has 
disappeared, then neutralizing with sodium carbonate and drying the 
nitriles with calcium chloride. 

(2) By the action of the magnesium alkyl halides on cyanogen 
or cyanogen chloride (Compt. rend. 152, 388 : c/. ibid. 155, 44). 

(3) By heating alkyl isocyanides or alkyl carbylamines (p. 293) : 

0H3CH2NC CH3CH2CN. 

(4) By the dry distillation of ammonium salts of the acids with 
PjOs, or some other dehydrating agent (hence the term acid nitrile). 

CH3-C0*0-]SrH4 - 2 H 2 O -= CHs-CN. 

Ammonium acetate. Acetonitrile. 

The corresponding acid amide is an intermediate product. 

(5) By the removal of water from the amides of the acids when 
these are heated with P2O6, P2S5, or phosphorus pentachloride (see 
amide chlorides, p. 327) : 

CHa-CO-NHg + PCh = CHs-CN* -f POCI3 + 2HCI 
SCHg-CO-NHa + P^Sg SCHa'CN + PaOs + 5HaS. 

(6) By the distillation of fatty acids with potassium thiocyanate 
(Ber. 5, 669), or lead thiocyanate (Ber. 25, 419), during which a compli- 
cated reaction occurs. It is assumed that a thioamide is first formed 
which loses HaS, changing into the nitrile, or that a carboxyl is 
exchanged for a ON-group. 

(7) Primary amines, containing more than five carbon atoms, are 
converted, by potassium hydroxide and bromine, into nitriles : 

O7H15CH2NH2 + SBrg 4 - 2 KOH = C^HisCHaNBrg + 2 KBr -f 2H2O 
C,Hi5CHaNBr2 + 2 KOH = C^HisCN + 2 KBr 4 - 2 H, 0 . 

As the primary amines can be obtained from acid amides containing 
a carbon atom more, these reactions wall serve for the breaking-down 
of the fatty acids (p. 308). 

(8) Nitriles result when aldoximes are heated with acetic anhydride 
or with thionyl chloride (Ber. 28, R. 227) : 

CHgCH : N-OH 4- (CKfiO)fi = CHgC • JST 4- 2 CH 2 'COOH. 

(9) By the catalytic decomposition of the aldehyde phenylhydra- 
zones in the presence of cuprous chloride (Ber. 43, 2296) : 

C 4 H 9 CH : N-KHCgHg C 4 H 3 CN + OeHsNHg. 

This method only gives good yields in the case of the higher aldehyde 
derivatives : the principal yield from the lower phenylhydrazones 
consists of indole derivatives. 
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(10) On the application of heat to cyanoacetic acid and alkyl- 
cyanoacetic acids, nitriles result : 

CNCHa-COaH = CNCH3 + CO2* 

The nitriles occur abeady formed in bone-oils and in gas tar. 

Hisiorical, — Pehuze (1834) discovered propionitrile on distilling barium ethyl 
sulphate with potassium cyanide (Ann. 10 , 249). Dumas (1847) obtained aceto- 
nitrile by distilling ammonium acetate alone, or with P 2 O 5 ; the same occurred 
with the latter reagent and acetamide (p. 323). Dumas, Malaguti and Leblanc 
(Ann. 64, 334) on the one hand, and FranUand and Kolhe {Ann. 65, 269, 288, 
299) on the other, demonstrated (1847) the conversion of the nitriles into their 
corresponding acids by means of potassium hydroxide or dilute acids, and thus 
showed what importance the acid nitriles possessed for synthetic organic 
chemistry. 

Properties and Reactions. — ^The nitriles are liquids, usually insoluble 
in water, possessing an ethereal odour, and distilling without decom- 
position. 

Their reactions are based upon the easy disturbance of the triple 
union between nitrogen and carbon, and are mostly additive reactions. 
Acid nitriles may be considered to be unsaturated compounds, in the 
same sense as are the aldehydes and ketones (pp. 27, 255). Their 
neutral character distinguishes them from hydrocyanic acid, the 
nitrile of formic acid, which they resemble as regards the reactions 
of their CsN-group. 

(1) They are reduced by nascent hydrogen to the primary amines 
(Mendius). This reduction is most readily carried out by sodium 
and alcohol (Ber. 22, 812 : 0. 1908, II. 676). By catalytic hydro- 
genation, some secondary and tertiary amine is also formed (Ber. 42 , 
1553 : 56 , 1988). 

(2) The nitriles unite with the halogen acids, forming amide and 
imide halides (p. 327). 

(3) Under the influence of concentrated sulphuric acid they take 
up water and become converted into acid amides. When heated 
to 100° with water the acid amides first formed absorb a second 
mol^ule of water and change to the fatty acid and ammonia. The 
nitriles are more readily hydrolysed by heating them with alkalis or 
dilute acids (hydrochloric or sulphuric acid). Esters are produced 
when the acids, in a solution of absolute alcohol, act on the nitriles. 

(4) The nitriles form thiamides with HaS (p, 328). 

(5) They combine with alcohols and HCl to form imido-ethers 
(p* 328). 

(6) With fatty acids and fatty acid anhydrides they yield secondary 
and tertiary amides (p. 322). 

(7) The nitriles become converted into amidines with ammonia 
and the amines (p. 328). 

(8) Hydroxylaruine imtes with them to form amidoximes (p. 329). 

(9) Metallic sodium induces in them peculiar pol 3 n 2 ierizations. In 
eth^eal solution, dimolecular nitriles result: imides of d-ketonic 

^ reactions depend upon the additive power of the 
mMes, the triple carbon-nitrogen union being broken. If , however, 
sodium acts on the pure nitrfl^ at a temperature of 160° the pro- 
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ducts are trimoleoular nitriles, so-called cyanalkines, which are 
pyrimidine derivatives : 

• CH,-C{NH)-CHj-CN 
Acetoacetlc imide nitrile. 

N— C(CH8)=]Sr 

CH3-C>-CH=====C*NHa. 

Cyanethine (g.v.). 

Acetonitrile, Methyl cyanide [Ethane nitrile], CHjCN, m.p. — 41°, b.p. 81*6°, 
Djg sss 0*789, is a liquid with an agreeable odour. It is usually prepared by 
distilling acetamide with Consult the general description of acid nitriles 

for its methods of formation, its history and its reactions. It may, however, 
be mentioned here that acetonitrile can be produced from hydrocyanic acid and 
diazomethane (Ber. 28, 857), Acetonitrile is a good solvent for many organic 
compounds and forms crystalline compounds with many salts, e.g. CuCl 2 * 2 CH 3 CN 
(Ber. 47, 247). 

Higher Homologous Nitriles. — Propionitrile, Ethyl cyanide, [Propane 
nitrile], CaHs-CN, b.p. 98°, Do 0*801. 

n-ButyronitrUe, b.p. 118*5°, has the odour of bitter-almond oil. isoButyro- 
nitrile, b.p. 107°. 

n.‘ValerQnitrile,h.p. 140*4° ; iso FaZerom>t?e, b.p. 129° ; Methylethylacetonitrile, 
b.p. 125° ; Trimethylacetonitrile, m.p. 15-16°, b.p. 105-106°. 

isoButylacetonitrile, b.p. 154° ; Diethylacetonitrile, b.p. 144-146° ; Dimethyl- 
ethylacctonitrile, b.p. 128-130°; n-CEnanthonitrile, b.p. 175-178°; n-Oaprylo- 
nitrile, b.p. 198-200° ; Pelargonitrile, b.p. 214-216° ; Methyl-n-hexylacetonitrile, 
b.p. 206° ; Lauronitrile, b.p. 198°/ 100 mm. ; TridecylonitrUe, b.p. 275° ; Myri- 
8tonitrile,m.p. 19°, b.p. 226*5°/100 mm. ; Palmitonitrile,m.p.29°,h.p.2Bh5°/lOO 
mm. ; Cetyl cyanide, m.p. 53° ; Stearonitrile, m.p. 41°, b.p. 274*5°/10O mm. 

Several classes of compounds bear genetic relations to the acid 
amides and nitriles, these will be considered after the nitriles. 



10. AMIDOCHLORIDES and 11. IMIDOCHLORIDES {Wallach, Ann. 

184, 1) 

The amidochlorides are the first unstable products formed during the action of 
PCls on acid amides. They lose hydrochloric acid and become converted into 
imidochlorides, which by a further separation of hydrochloric acid yield nitriles : 


CH.C^O 

Acetamide. 


\ci 

(Acctamidoehloride.) 


\ci 

(Acetimidochloride.) 


CHaCsN 


The addition of HCl to the nitriles produces the imidochlorides. Hydro- 
bromic and hydriodic acids are added more readily than hydrochloric acid to 
nitriles (Ber. 25, 2541). 

The imidochlorides derived from amides of the types CHgR-COKHR'’ and 
CHRg-CONHR' are represented by von Braun and his collaborators by the 
formulae R*CH=CC1*NHR' and RgC : CCl-NHR' ; this formula accounts for 
the formation of amidines such as : NPh)*NPh*CCl : CHg, formed from 

acetphenylimidochloride by loss of HCl and for the formation of a-bromo acids 
from the readily-formed addition product of the imidochloride and bromine 
(Ber. 60, 92 : Ann. 453, 113). 

If a hydrogen atom of the amide group be replaced by an alcohol radical, 
the imidochlorides are more stable. On being heated, however, they lose hydro- 
chloric acid in part and pass into chlorinated bases. ^ 

(1) Water changes the imidochlorides back into acid amides. The chlorine 
atom of these bodies is as reactive as the chlorine atom of the acid chlorides. 
(2) Ammonia and the primary and secondary amines change the imidochlorides 
to amidines (p. 328). (3) Hydrogen sulphide converts the imidochlorides into 
thiamides. 
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12. IMIDO-ETHERS* {Pinner, Ber. 16, 353, 1654: 17, 184, 2002) 
The imido-ethers may be regarded as the esters of the imido-acids, R'*C< qjj, 

a tautomeric formula of the acid amides, according to which the latter behave 
in many reactions (comp, also the Thiamides). 

The hydrochlorides of the imido-ethers are produced by the action of HCl 
on a cooled ethereal solution of a nitrile with an alcohol (in molecular quantities) : 

CH 3 CN + C 3 H 5 OH + HCl = 

Acctimido-ether. 

Formimido^ethcr, (p. 288). Acetimido-ethyl ether, b.p. 94°, when liberated 
from its HCl -salt by means of NaOH, is a peeuliar-smelling liquid. Ammonia 
and the amines convert the imido-ethers into amidines. Shaking the imido -ether 
hydrochlorides with alcohol produces ortho-esters (p. 330). 

13. THIAMIDES 

As in the case of the acid amides (p. 321), so here with the thiamides two 
tautomeric formulas are possible: 

and 

The thiamides are formed (1) by the action of phosphorus sulphide on the 
acid amides ; (2) by the addition of HgS to the nitriles (p. 326) : 

CHg-CN + H^S = CHs-CS-NHg. 

Acetonitrile. Thiacetamide. 

Peactiom. — ( 1 ) The thiamides are readily broken up into fatty acids, H^S 
NH 3 and amines. 

( 2 ) They yield thiazolo derivatives with chloroacetic ester, chloroaoetone, and 
similar bo^es. 

(3) Ammonia converts them into amidines. 

(4) The action of hydroxylamine results in the production of amidoximes. 

(5) Beduction produces primary and secondary amines (Ann. 431, 191). 
Thioformamide, H-CSNH 2 , m.p. (anhydrous) 28-29°, is obtained from P^Sg 

and formamide (Ber. 42, 1911). 

Thioaceiarnidc, m.p. 108^ (Ann. 192, 46 ; Ber. 11, 340). Thiopropionamide, 
m.p. 42-43° (Ann. 259, 229). 

14, THIO-IMIDO-ETHERS 

are derived from the imidothiohydrin form of the thioamides. They are pre- 
pared, analogously to the imido-ethers, from the nitriles with mercaptans and 

>TXT 

HCl (Ber. 36, 3464). Acetimido-thiophenyl ether, > is obtained from 

its hydrochloride by the action of sodium hydroxide. It is an unstable yellow 
syrup. The hydrochloride, m.p. 120° (decomp.), is prepared from acetonitrile, 
thiophenol (Vol. II) and HCl. 

15. AMIDINES, R (Ann. 184, 121 : 192, 46) 

The amidines, containing an amide and imide group, whose hydrogen atoms 
are replaceable by alkyls, may be considered to be derivatives of the acid amides, 
in which the carbonyl oxygen is replaced by the imide group : 

CHsCONHa 

Acetamide. Acetamidine. 

They are produced: 

( 1 ) Prom the imide chlorides and thiamides, by the action of ammonia or 
amines. 

(2) Prom the nitriles by heating them with ammonium chloride. 

* A, Pinner, Die Imidoaether und ihre Derivate, 1892. 
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(3) From the amides of the acids when treated with HCl (Ber. 15, 208) 3 

SCHoCONHa = + CH,COaH. 

(4) From the imido-ethers (p. 328) when acted on with ammonia and amines 
(Ber. 16, 1(547 : 17, 179). 

The amidines are mono-acid bases. In a free condition they are very un- 
stable. The action of various reagents on them induces absorption of water, 
the imide group splits off, and aci<ls or amides of the acids are regenerated. 

jS-Ketonic esters convert them into pyrimidines, e.g. acetamidine hydrochloride 
and acetoacetic ester yield ethoxydimethylpyrimidine, m.p. 192® (comp, poly- 
merization of acetonitrile, p. 327) : 


CH 3 C 


^NH 

\nH2 


COCHj 
4* I 

CH2COOC2H5 


CH 3 

= CH 3 C<f >CH + 2H2O. 

\N=C/- OC2H5 


Formamidine (p. 289). 

Acciamidim, Accdiaminc, Etlmiyl amidinc, CH 3 C(NH 2 )NH ; hydrochloride^ 
m.p. 163°. The acetamidine, separated by alkalis, reacts strongly alkaline and 
readily breaks up into NH 3 and acetic acid. 


16. HYDROXAMIC ACIDS, 

These are produced by the action of hydroxylamine on acid amides, esters, and 
chlorides. They are characterized by containing an oxLmido- or isonitroso-group 
in place of a carboxylic oxygen atom (Ber. 22, 28.54). Another method of pre- 
paration is from aldehydes and nitrohydroxylaminic acid salts, O:N(OH):N(0H) 
(C. 1901, II. 770). (Reaction of Angeli-Rimini : see p. 230.) 

CH3COH + ISTaOaHa « CH3C(lSrOH)OH 4 * HNO^. 

Benzene sulphohydroxamic acid, CgHfiSOaNHOH, behaves similarly, by 
forming acyl hydroxamic acids and benzene sulphinio acid, CeHsSOjH, with 
aldehydes (C. 1901, II. 99), 

They aro crystalline compounds, acid in character (Gazzetta, 40, 1. 102), and 
form an insoluble copper salt in ammoniacal copper solutions. Ferric chloride 
imparts a cherry-red colour to both their acid and neutral solutions. 

Acciohydroxmnic acid, CH 3 C(NOH)OH + JHgO, m.p. 59°. It dissolves very 
easily in water and alcohol, but not in ether. 

In addition to the general methods of preparation it is also obtained by heating 
hydroxylamine acetate to 90°. 

Foriiihydrommic acid (see p. 289). 

17. HYDROXIMIC ACID CHLORIDES, 

When chlorine is passed into a solution of acetaldoxime, a precipitate of 
colourless cry.stals of nitrosochloroethairic, CHs’CHChNO, rn.p. 65®, is formed. 
This inclt.s to f<u‘m a blue liquid and dissolves in ether forming a blue solution. 
From both tlie colour gradually disappears on standing owing to a change into 
acetohydroxuHie acid chloride, CH3'C(>1( : NOH), m.p. — 3°, a colourless, easily 
decomposed liquid. Silver nitrite converts it into acetonitrolic acid (see p. 184) ; 
chlorine produces nitrofiodichlorociham, CHsCCla'NO, b.p. 68®, a deep-blue oil 
(Ber. 35, 3101). Acctohydroximic acid chloride is also obtained directly by 
the action of chlorine on a hydrochloric acid solution of acetaldoxime (Ber. 
40, 1677). 

18. NITROLIC ACIDS, (p. 184) 

As these bodies are genetically related to the mononitroparaffins, they have 
already been discussed immediately after them. 

19. AMIDOXIMES or OXAMIDINES, 

These compounds may be regarded as amidines, in which a H atom of the 
amide or imide group has been replaced by hydroxyl. They are formed : by 
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the action of hydroxylaimne on the amidines (p. 328) ; by the addition of 
hydroxyiamine to the nitriles (Ber. 17, 2746) : 

OHjCN + NHjOH = CHaC<^^, 

Acetonitrile. Acetamidoxime. 

and by the action of hydroxyiamine on thiamides (Ber. X9, 1668) : 

CHjCSNHj + NHjOH = + HjS. 

The amidoximes are crystalline, very unstable compounds, which readily break 
down into hydroxyiamine, and the acid amides or acids. 

ForTmmidoxime (p. 289). 

Ethengl amidoxime, CB.aC<^^, m.p. 135°. Hexmyl amidoxime, m.p. 48°. 

Heptmyl amidoxime, m.p. 48-49° (Ber. 25, R. 637). Lauryl amidoxime, m.p. 
92-92*5°. Myrishyl amidoxime, m.p. 97°. Palmityl amidoxime, m.p. 101*6-102°. 
Stearyl amidoxime, m.p. 106-106*5° (Ber. 26, 2844). 

20, 21. HYDROXAMIC OXIMES AND NITROSOXIMES. 
(NITROSOLIC ACIDS) 

These and allied bodies are obtained from the hydroximic acid chlorides and 
nitrolic acids (Ann. 353, 65 : Ber. 40, 1676). 

NHOH 

Acetohydroxamic oxime, CH3 C<^qjj , results from the interaction of aceto- 

hydroximic acid chloride and hydroxyiamine, or from the reduction of ethyl- 
nitrolic acid (p. 184) with sodium amalgam. It is unstable in the free state, 
but is known as a colourless hydrochloride, m.p. 156° (decomp.), and as a red- 
brown copper salt, CaH^OgNaCu *f 2H2O. Dilute alkali changes it into an un- 
stable strongly coloured azo-hody, CH3C{ : NOH)*N=N*C( : NOH)CH8, which 
partially changes into its more stable and equally coloured isomer, ethylazaurolic 
acid, : NOH)*I7H*N' : C(NO)CE[^, and partially breaks down into ethyl- 

nitrosolic acid and acetamide oxime : 

CH5C(N0H)-N=N-C{ ! NOH)CHa-^% CH3C( : NOH)NO + H,NC(NOH)CH,. 

Acetonilroeo-oxime, Ethylnitrosolio acid, is prepared from 

acetohydroxamic oxime by oxidation with bromine. It is characterized by its 
deep-blue potassium salt, CaHgNgOjK. It is readily decomposed by acids, 
Eor further reactions, see above. 

22, 23. HYDRAZIDINE AND HYDRAZO- OXIMES 
such as and see Vol. n, and Ber. 35, 3271. 

24. ORTHO-FATTY ACID DERIVATIVES 

The ortho-esters of the fatty acids are obtained similarly to orthoformic 
ester (p. 290) (1) from the imido-ether hydrochlorides (p. 328) and alcohols 
(Ber. 49, 3020) ; ( 2) from the orthotrichlorides and sodium alcoholate ; (3) synthetic- 
ally from the orthocarbonic acid esters and alkyl magnesium halides (Ber. 38, 561), 
Orthoaceiic triethyl ester, ClIsC(Q02B:^)a. b.p. 145°/748 mm., 42°/13 mm., is a 
colourless pleasant-smelUng liquid, but differing in odour from the ordinary 
ester. 

Orthopropionic ester, b.p. 16r/66 mm., 54°/12 mm. 

Orthoacetyl trichloride, methylcMoroform, ethenyl trichloride, acccc-Trichloro- 
C5H3CCI3, b.p. 74*5°, is formed together with aaj8-trichloroethane, by the 
action of chlorine on ethylidine chloride (Ann. 195, 183). 

Orthoaceiic tripipeMe, CH:3*C{N05 Hio) 8, b.p. 261°, is obtained by heating 
toother methylchlorofonn and piperidiim. It forms a strongly alkaline, colom* 
Idss liquid, of a peculiar odour: hydrochloride, does not 

melt 260°. 
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HALOGEN SUBSTITUTION PRODUCTS OF THE 
FATTY ACIDS 


The halogen substitution products of the fatty acids are, in general, 
produced by the same methods as those employed for the preparation 
of the halogen derivatives of the paraffins. 

(1) Direct Substitution of the Fatty Acids. 

(a) The chloro acids are obtained by the action of chlorine on 
the fatty acids in sunlight, or in the presence of catalysts such as 
iodine, sulphur (Ber. 25, R. 797) or phosphorus (Ber. 24, 2209), or 
by the action of sulphuryl chloride on the fatty acids (C. 1905, 1. 414). 

(b) The bromo acids are also obtained by direct bromination of 
the fatty acids (Mechanism of reaction, see J.C.S. 123, 2233), or by 
heating them with water and bromine in a sealed tube, or by the 
use of sulphur (Ber. 25, 3311) or phosphorus as catalysts. 

(c) The iodo acids are obtained by iodination by iodine and iodic 
acid (to reduce the hydriodic acid produced), or from the bromo 
acids and potassium iodide. 

The acid chlorides, bromides, or anhydrides aro more readily substituted than 
the free acids. This reaction can be brought about most suitably by the addition 
of the required quantity of chlorine dissolved in CCI4 to a solution of the chloride 
in the same solvent. Each liquid is cooled externally, and the mixture is made 
in full sunlight (Ber. 34, 4047). When chlorine or bromine, in the presence of 
phosphorus, acts on the fatty acids (method of Hell-Volhard), acid chlorides 
and bromides result ; these are then subjected to substitution. The final 
products are halogen-acid chlorides or halogen-acid bromides: 

SCHa-COaH -f P -f llBr =: 3CHaBr-COBr + HPO 3 -f 5HBr. 

However, substitution only takes place in a mono-alkyl or dialkyl-acotic 
acid at the a-carbon atom. Hence, trimethylacetic acid cannot be chlorinated or 
brominated. Consequently the behaviour of a fatty acid towards chlorine or 
bromine and phosphorus indicates whether or not a trialkyl-acetio acid is present 
(Ber. 24, 2209). 

Mechanism of Hell-Volhard reaction, see Bor. 45, 1913 : 46, 2162. 


(2) Addition of Halogen Acids to Unsaturated Monocarboxylic Acids. 
— ^The halogen enters at a point as far as possible from the carboxyl 
group, e.g. : 


CK, 

Acrylic acid. 


HCl 

^ 

HBr 


HI 


CHaClCHa-CO^H 

CHaBr-CHa-COaH 

CHal-CHa-COaH 


^-Chloro- j 

i3-Bromo- f Propionic acid. 


iS-Iodo- i 

(3) Addition of Halogens to Unsaturated Monocarboxylic Acids . — 
Whenever possible the chlorine is allowed to act in a CCI 4 solution. 
Bromine often reacts without the help of a solvent, also in the pres- 
ence of water, CSg, glacial acetic acid and chloroform. 

( 4 ) Action of the halogen acids (a) on hydroxyrnonocarboxylic acids : 

HCl 


CHa(0H)CH2C02H 

Hydracrylic acid. 

CH3CH(0H)C0,H 
Iiactic acid. 

CH3(OH)CH(OH)COaH 

Glyceric acid. 


120 " 

HBr 


HI 


CHaClCHaCOjH 

/3-Chloropropionic 

acid. 

GHaCHBrCOjH 

a-Bromopropionic 

acid. 

CHal'CHj-COaH 

j^-lodoptopionic 

a(dd. 
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In the case of hydriodio acid, redaction of a polyhydroxy acid 
may occur, with formation of a woTwhalogen derivative. 

(46) On lactones, cyclic anhydrides of y- or d-hydroxy acids : 


CHj-CH 

CHa-CO , 
Butyrolactonc. 


■> 


HBr 


CHaBr-CHa-CHa-COjsH. 
y-BromoTiutyric acid. 


(5) Action of the phosphorus halides, particularly PCI 5 or thionyl 
chloride, on hydroxymonocarboxylic acids or their nitriles or esters 
(0. 1898, 1. 22 : Compt. rend. 152, 1601). The product is the chloride 
of a chlorinated acid, which water transforms into the acid : 


CHj'CHOH-COOH + 2PCI5 = CHa-CHCl-COCl + 2POClj + 2HC1. 

Lactic acid. a-Chloropropionyl chloride. 

Furthermore, halogen fatty acids are obtained like the parent acids 

( 6 ) by the oxidation of chlorinated alcohols or aldehydes (p. 238) with 
nitric acid, chromic acid, potassium permanganate or potassium 
chlorate (Ber. 18, 3336) : 

20 

CHjjCl-CHCl-CHaOH CHaCl-CHCl-COaH 

a/3-Dichlorhydim. a(3-Dichloropropionic 

acid. 


CCI3CHO CCI3COOH 

Chloral. Trichloroacetic acid. 

(7) The formation of halogen derivatives of acetyl chloride and 
bromide by the autoxidation of halogen derivatives of ethylene deserves 
mention (see p. 124) : 

CHa^CBr, ^ CHjBr-COBr. CHCl^rCClg > OHCI3COCL 

( 8 ) By the action of halogen acids on diazo-fatty acid esters (see 
Glyoxylio acid) : 

CHNa-CO.CaHg + HCl = + N3. 

(9) When the halogens act on diazo-fatty acid esters : 

CHNgCOaCaHs 4-12 = CHI 3 CO 2 O 2 H 5 4- 

Ifiomerism und Nomenclature , — Structurally isomeric halogen substitution 
products of the fatty acids are first possible with propionic acid. To indicate 
the position of the halogen atoms, the carbon atom to which the carboxyl group 
is attached is marked a, whilst the other carbon atoms are successively called 

y, S, €, etc. The two monochloropropionic acids are distinguished as a- and 
^-chloropropionic acids, whilst the three isomeiic dichloropropionic acids are the 
aa-, jSjS- and ajS-dichloropropionic acids, etc. In the “ Geneva Nomenclature 
the C-atom of the COOH group is numbered 1 , so that CHa'CHCl-COaH, for 
example, is 2-ehloropropiomc acid, not l»chloropropionie acid. 


Properties and Eeaciions, — ^The introduction of substituting halogen 
atoms increases the acid character of the fatty acids. The halogen 
fatty acids, like the parent acids, ^eld, by analogous treatment, esters, 
chlorides, anhydrides, amides, nitriles, etc. 

On the velocity of ester formation and the electric conductivity 
of the a-, j 8 -, 7 -, and <3-halogen fatty acids, see Ann. 319, 369: 
Gazzetta. 40, I, 294. 

(1) Nascent hydrogen causes the halogen substitution products of 
the fatty acids to revert to the parent acids — retrogressive substitution. 

In general, the monohalogen fatty acids resemble in their reactions 
the a}%l halides. 
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(2) Boiling water, alkali hydroxides, or an alkali carbonate solu- 
tion generally brings about an exchange of hydroxyl for the halogen 
atom (Ann. 342, 115). 

In monohalogen products, the position of the halogen atom, with 
reference to carboxyl, materially affects the course of the reaction : 
a-halogen acids yield a-hydroxy acids, /S-halogen acids split off the 
halogen acid and become converted into unsaturated acids with the 
formation also of jS-hydroxy acids (Ann. 342, 127) ; y-halogen acids, 
on the contrary, yield y-hydroxy acids, which readily yield lactones 
(Ann. 219, 322) : 

CHjClCOOH — ^ CHj(OH)COjH 
CHjCICHjCOOH CHj=CHCOjH 


H,0 


CHjClCHjCHjCOOH 

The ^-halog en fatty acids are converted into /8-lactones 

E*CH( 0 )’CH 2 C 0 when the aqueous solution of their sodium salts is 
agitated with chloroform at 40° (C. 1916, II. 557). 

(3) Ammonia converts the halogen acids into the corresponding 
amino acid. 

(4) The amides of a-bromo-fatty acids lose HBr and HON when 
heated with potassium hydroxide, an aldehyde or ketone containing 
one carbon atom less being formed (Monatsh. 29, 69) : 

(CHalaCBr-CONHa > (CK^hCO + BCN + HBr. 

Nucleus-synthetic Reactions, — (5) Potassium cyanide produces cyano- 
fatty acids — ^the mononitrile of dibasic acids, which hydrochloric acid 
changes to dibasic acids. They will be considered after the latter : 

XCN pn TT 2H,0,HC1 TT 

CH,C1C0,H ). ► °9»<C0Ih. 

Chloroacetie acid. Cyanoacetic acid. Malonic acid. 

(6) Dicarboxylic acids have also been obtained from monohalogen 
carboxylic acids by means of metals : 

CHa-CHg^COaH 

SCHJCHaCOjH + 2Ag = • + 2AgI. 

Adipic acid. 

(7) The esters of the monohalogen fatty acids have been applied 
in connection with the acetoacetic ester and malonic ester syntheses, 
and as results we have /S-ketone dicarboxylic acids, /8-ketone-tricar- 
boxylic acids, and tri- and tetracarboxylic acids. 

(8) The esters of the halogen fatty acids form with zinc or mag- 
nesium organo-metallic compounds ; in the presence of aldehydes 
and ketones, salts of the higher hydroxy-fatty acid esters are formed : 

Zu 


RCHO -h BrCH(CH3)C02C2H5 


RGH(OZnBr)-CH{CH3)COaC2Hs. 


(9) The final product of condensation of a-halogen fatty acid 
esters and ketones by means of sodium amide are the ethylene oxide 
carboxylic esters (glycidic acid esters) : 

NH,N» 


RgCO + C1CH(CH,)C0 AHfi 


BjC— C(CH 3 )C 04 C 3 H 5 . 
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Chloroformic acid, Cl*COOH, is* regarded as the chloride of carbonic 
acid. It will be discussed after carbonic acid. 


Substitution Products of Acetic Acid 


Monochloroacetic acid, CH 2 C 1 *C 02 H, m.p. 62®, b.p. 185-187®, solidifies 
after fusion to an unstable modification, m.p. 62°. This slowly reverts spon- 
taneously to the ordinary acid (Ber. 26, R. 381). On the preparation of the acids 
from acetic acid and sulphuryl chloride, see C. 1905, I. 414. 

Preparation by chlorination of acetic acid in presence of iodine, red phosphorus 
and phosphorus pentachloride, see Z. angew. Chem. 40, 973. Technically the 
acid is prepared by the action of 90 per cent, stolphuric acid on the vapour of 
trichloroethylene. 


CCla : CHCl + 2 H 2 O CHgCl-COOH + 2HC1. 

The ethyl ester, b.p. 145®, is obtained technically by warming the readily accessible 
dichlorovinyl ethyl ether with water containing HCl (C. 1909, II. 78) (see p. 158) : 

CHCl : CCl-OEt + HgO ► CHgCl-COOEt + HCl. 

The chloride, CHgCl-COCl, b.p. 106°, is obtained by distilling the addition product 
of HCl with dichlorovinyl ethyl ether (D.R.P. 222194, C. 1910, I. 1999) : 

CHaCbCCla-OEt CHaCl-COCl + EtCl. 

The sodium and silver salts of chloroacetic acid, on the application of heat, yield 
polyglycollide. 

When monochloroacetic acid is heated with alkalis or water, the chlorine is 
replaced by the hydroxyl group, and hydroxyacetic acid or glycollic acid is formed 
(g.v.). Amino-acetic acid, or glycocoU, results when the monochloro-acid is 
digested with ammonia. 

Bromide, b.p. 127° ; anhydride, m.p. 46®, b.p. 110°/11 mm. (Ber. 27, 2949) ; 
amide, m.p. 116°, b.p. 224-225° ; nitrile, b.p. 124°. 

Dichloroacetic acid, CHCljCOaH, b.p. 190-191°, is produced when chloral 
is heated with potassium cyanide or ferrocyanide and some water. If alcohol 
replace the water, dichloroacetic esters are formed (Ber. 10, 2124 : J. pr. Chem. 
[ 2 ], 88 , 631) ; v » f 

CClgCHO + HjO + KCN CHCljCOjH -f- KCl + HCN. 


Dichloroacetic acid can also be obtained by the reduction of trichloroacetic acid 
in benzene solution by means of copper. 

When its silver salt is boiled with a little water, glyoxylic acid (q.v.) is produced. 
Methyl ester, b.p. 142-144° ; eihyl ester, b.p. 158° ; anhydride, b.p. 214-216° 
(decomp.) ; chloride, b.p. 107-108°, formed by the autoxidation of trichloroethy- 
lene JJ. pr. Chem. [2], 85, 78) ; amide, m.p. 98°, b.p. 234°; nitrile, b.p. 113°. 

Trichloroacetic acid, CCI 3 CO 2 H, m.p. 65°, b.p. 196°. the officinal Acidum 
truMorc^ticum, was first prepared by Dumas (1839) when he allowed chlorine 
to act in the sunlight on acetic acid (Ann. 32, 101). Kolbe (1846) made the 
acid by the oxidation of chloral with concentrated nitric acid (Ann. 54, 183), 
and demonstrated how it could be prepared synthetically from its elements : 


C -f 2S OS, CCI 4 


Heat 


Gla,2HsO 
-> 


CCI2 Sunlight CCI3 


The c^bon disulphide resulting from carbon and sulphur is converted by the 
cmorme mto carbon tetrachloride, which on the application of heat becomes 

converted into rtrn •« .. 

of chlorine an< 


^ lene, CClj—CCl^ (p. 124), and it, in turn, hy the action 

r; a«a water, aided by sunlight, yields trichloroacetic acid. This was 

the fimt synthesis of acetic acid, for Melsens had previously shown that potassium 
in aqueous solution reduced trichloroacetic acid to acetic acid (p. 301). 
^fling^th water decomposes trichloroacetic acid into chloroform (p. 290) 
^ CO,, whilst excep of alkali produces formic acid and a carbonate (Ann. 342, 
^ ^ formation of perchloroacetic trichloromethyl 

ester (C. 1897, 11. 476). 

b.p. 152»6° ; ethyl ester, b.p. 164°, are obtained from the 
(B«. 29, 2210 ; C. 1901. II. 1333). TricMoroaceiyl dUoride, 
{Pemmroacetcm^iyde), b.p. 118°, is formed when ozonized air or SO, (Ann. 308, 
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324) acts on perchlorocthylone (Ber. 27, R, 509) (comp, synthesis of trichloroacetic 
acid from CSg) ; bromide, b.p, 143° ; anhydride, b.p. 224° ; amide, m.p. 141°, 
b.p. 239° ; nitrile, b.p. 83° ; trichlorom^thyl ester, CCL-COoCCL, m.p. 34°, b.p. 
192° (Ann. 273, 61). ^ 3 2 s if 

Monobromoacetic acid, CHaBr-COaH, m.p. 50-51°, b.p. 208° ; ethyl ester, 
b.p. 159°; chloride, b.p. 134°; bromide, CHaBr-COBr, b.p. 150°; anhydride, 
b.p. 245° ; amide, m.p. 91° ; nitrile, b.p. 148-150° (Ber. 38, 2694). 

Dibromoacetic acid, CaHaBraOa, m.p. 54-56°, b.p. 232-235° ; ethyl ester, 
b.p. 192° ; bromide, CHBra*GOBr, b.p. 194° ; amide, m.p. 156° (Ber. 38, 2695) ; 
nitrile, b.p. 68°/24 mm. 

Tribromoacetic acid, CBrgCOaH, m.p. 135°, b.p. 246° with decomposition, 
results from the interaction of perbromoethylene and nitric acid (Ann. 308, 324). 
Boiling water or alkali decomposes it similarly to trichloroacetic acid (see above). 
Ethyl ester, b.p. 225° ; bromide, b.p. 220-225° ; amide, m.p. 120-121° ; nitrile, 

170°, is a dark red liquid, which HCl changes to the polymeric trinitrile, m.p, 
129° (Ber. 27, R. 730). 

Moniodoacetic acid, CHalCOaH, m.p. 82° (C. 1901, I. 665). 

Di-iodoacetic acid, CHIg-COaH, m.p. 110°. 

Tri-iodoacetic acid, m,p. 150°. The last two compounds have been ob- 
tained from malonio acid and iodic acid (Ber. 26, R. 597). (Comp, iodoform, 
p. 291.) 

Monofluoroacetic acid, CHgF’COOH, m.p, 33°, b.p. 166°, is obtained by 
the hydrolysis of its methyl ester, b.p. 104°, which in turn is prepared from methyl 
iodo-acetate and mercury or silver fluoride. 

Difluoroacetic acid, CHF 2 COOH, b.p. 134°, is prepared by oxidation of 
difluoroethyl alcohol (from difluoroethyl bromide). In these compounds the 
fluorine atom is held relatively firmly in the molecule (Jahresb. 1896, 769 ; C. 
1903, 11. 709). 

Dibromofluoroacetic acid, CBrgF-COOH, m.p. 20°, b.p. 198° ; ethyl ester, 
b.p. 173°, possesses a camphor-like odour; fluoride, CBrgF'COF, b.p. 75°, is 
formed from symmetrical (?) dibromodifluoroethylene by the absorption of 
oxygen (C, 1898, II. 702). 

Substitution Products of Propionic Acid 

The a-monohaloid propionic acids contain an asymmetric carbon atom; 
hence their esters, for example, are known in an active form. They are prepared 
according to the methods 4a and 5 (p. 33 1 ). The j3-monohalogen acids are derived 
from acrylic acid by method 2 (p. 331), and j3-iodopropionic acid from glyceric 
acid by method 4a. 

a*Chloropropionic acid, CH3CHCICO2H, b.p. 186° ; ethyl ester, b.p. 146° ; 
chloride, 109-110°; amide, 80°; nitrile, b.p. 121-122°, is prepared from acet- 
aldehyde cyanohydrin and PCI 5 (Ber. 34, 4049). 

a-Bromopropionic acid, m.p. 24*5°, b.p. 205°, is resolved into its optically 
active components by cinchonine ; ethyl ester, b.p. 162° ; bromide, b.p. 153° 
(Ann. 280, 247) ; anhydride, b.p. 120°/5 mm. (Ber. 27, 2949), Dextro-rotatory 
a-chloro- and a-bromopropionic esters are obtained frorh sarcolactic acid (Ber. 
28, 1293). 

Qe*lodopropionic acid, m.p. 45°, is prepared from propionyl chloride and 
iodine chloride (Ber. 36, 4392). 

)3-Chloropropionic acid, CH 2 CICH 2 CO 9 H, m.p. 41*5°, b.p. 203-204° ; methyl 
ester, b.p. 156° ; ethyl ester, b.p. 162° ; chloride, b.p. 143-145°. 

j?-Bromopropionic acid, m.p. 61*5° ; ethyl ester, b.p. 69- 70°/ 10 mm. ; 
bromide; b.p. 164-155°. 

j5-Iodopropionic acid, m.p. 82° ; ^methyl ester, b.p. 188° ; ethyl ester, 202° ; 
amide, m.p, 100° (Ber. 21, 24, 97), is formed by boiling the ester with sodium 
amalgam and subsequently hydrolysing the mercury dipropionic acid, Hg(CH 2 - 
CH 2 C 00 H) 2 , formed, consisting of prisms, which are only slightly poisonous. 
The aqueous solution, when boiled, deposits a heavy precipitate of hydroxy- 


mercury propionic anhydride, OHgCHaCHgCO (Ber. 40, 386). 

Dihalogen Propionic Acids. — aa-Acids are prepared by the chlorination and 
bromination of propionic acid (Ber. 18, 235), or by the action of phosphorus 
halides on pyruvic acid ; ocj3-acids, by the addition of chlorine and bromine to 
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acrylic acid, by the addition of a halogen acid to a-halogen acrylic acids, 
by the oxidation of the corresponding alcohols (p. 332) ; jSj8-acids, by the addition 
of a halogen acid to jS-halogen acrylic acids. 

osa-Dichloropropionic acid, CH3CGI2CO2H, b.p. 185-190° ; ethyl ester, b.p. 
156-157°; chloride, from pyroracemic acid and PCI5, b.p. 105-115°; amide, 
m.p. 116° (Ber, 11, 388); nitrUe, b.p. 105° (Ber. 9, 1593). 

The silver salt breaks down into pyroracemic acid and aa-dichloropropionic 
acid when heated in aqueous solution. 

aa-Dibromopropionic acid, m.p. 61°, b.p. 220° ; ethyl ester, b.p. 190°, is 
decomposed by sodium hydroxide into pyroracemic acid, CH3COCOOH, and 
bromoacrylic acid (Ann. 342, 130). 

aj8-Dichloropropionic acid, CHaClCHClCOjH, m.p. 50°, b.p. 210° ; ethyl 
ester, b.p. 184°. 

ajS-Dibromopropionic acid, m.p. 51° and 64°, b.p. 227° with partial decom- 
position, exists in two aUotropic modifications, which can be readily converted 
one into the other, and of which the more stable possesses the higher melting 
point. Water or sodium hydroxide produces from it a-bromoacrylic and glyceric 
acids (Ann. 342, 135) : ethyl eater, b.p. 211-214°. 

j8j5-Dibromopropionic acid, m.p. 71°, is formed from jS-bromoacrylic acid 
and HBr (Ber. 27, R. 257). 

Substitution Products of the Butyric Acids 

a-Chloro-n-butyricacid, CHsCHaCHClCOaH, b.p. 101°/15mm. (Ann. 319, 
358), is a thick liquid : ethyl ester, b.p. 158° ; chloride, b.p. 131°, is obtained 
from butyryl chloride (Ann. 153, 241) ; nitrile, b.p. 142°. 

a-Bromobutyric acid, b.p. 215°, is prepared from butyric acid. 
^-Chloro-7i-butyric acid, CHsCHCl-CHaCOOH, b.p. 99°/12 mm., is obtained 
from allylcyanide, and from solid crotonic acid and HCl ; nitrile, b.p. 175°. 

jS-Bromo-n- butyric acid, m.p. 18°, b.p. 122°/16 mm., and j8-iodo-n- 
butyric acid, m.p. 110° (Ber. 22, R. 741 ; 0. 1905, I. 24) have been obtained 
from crotonic acid and from allylcyanide. 

y-Chloro-n-butyric acid, CHaClCHgCH^COaH, m.p. 16°, b.p. 116°/13 mm., 
is obtained from the nitrile and from trimethylene carboxylic acid and HCl (Aim. 
319, 363). Trimethylene chlorobromide, CHaCl'CHgCHgBr and KCN yield 
y-Chlorobutyric nitrile, b.p. 189° (Ann. 319, 360). Alkali hydroxides convert 
the nitrile into trimethylene carboxylic acid nitrile (Vol. II) (C. 1908, 1. 1357). 
The acid is obtained from this, and when distilled at 200° it yields HCl and 
butyrolactone. 

y-Bromo- and y-iodobutyric acids, m.p. 33° and 41°, result from butyrolac- 
tone {q.v.) by the action of HBr and HI (Ber. 19, B. 165). 

ajS-Dichlorobutyric acid, CHsCHClGHClCOgH, m.p. 63°. ajS-Dibromo- 
butyric acid, m.p. 85°. Both are obtained from crotonic acid (p. 344). j3y-Di« 
bromobutyric acid is obtained from vinylacetic acid (p. 345). 

aajS-Trichlorobutyric acid, CH3*CHCl*CCl2*C02H, m.p. 60°, appears in the 
oxidation of butyl chloral (^.v. ) and by the action of chlorine on chloroorotonic 
acids (Ber. 28, 2661). 

aajS-Tribromobutyric acid, m.p. 115°. The solutions of the sodium salts of 
both acids break down, when warmed, into COg, sodium halide, and aa-dichloro- 
and aa-dibromopropyiene (Ber. 28, 2663). 

a-Bromoiaobutyric acid, (CHaJaCBr-GOOH, m.p. 48°, b.p. 199°; ethyl est&r, 
b.p, 164° ; anhydride, m.p. 63° (Ber. 27, 2951) ; amide, m.p. 148°, with bromine 
and alkali (comp. p. 263) yields acetone (C. 1905, I. 1220). OL-Bromomohutyryl 
bromide, b.p. 163°, is converted by zinc into ilimethylketen {p. 271). 

a-Iodoi5obutyric acid, m.p. 73° (C. 1900, 1. 960), is prepared from i^obutyryl 
chloride, SjCig, and iodine. 

Halogen Substitution Products of the Higher Fatty Acids 

Acids, containing the group (CHal^CH, have their methine hydrogen sub- 
stituted by chlorine when the reaction takes place in sunlight at 100° (C. 1897, 
II. 1100 : 1899, II, 963). Among the higher members some a-bromo-acids are 
prepared by bromination with or without the presence of phosphorus (Ber, 25, 
486)# Such compounds can also be obtained by the addition of the halogen acids 
or the halogen to unsaturated acids (Ann. 319„ 357 : G. 1901, 1. 93, 665). Dialkyl 
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bromoacetic acids, RgCBrCOOH, can also be prepared from dialkylmalonic acids 
by heating with bromine and water* Some of their amides are employed as 
soporifics (C. 1906, II* 1694). 

The dibromo -addition-produets of the unsaturated aeids have been exhaus- 
tively studied. Water almost invariably causes the elimination of COg from the 
ajS-dibromides with the formation of brominated hydrocarbons, etc., whereas 
CO 2 is never split off from the and yS -derivatives, but the first products 
are brominated lactones, from which hydroxy -lactones and y-ketonic acick are 
simultaneously obtained (Ann. 268, 55). 


B. OLEFINE MONOCARBOXYLIC ACIDS (OLEIC ACID 
SERIES), 

The acids of this series, bearing the name Oleic Acid Series because 
oleic acid belongs to them, differ from the saturated fatty acids by 
containing two atoms of hydrogen less than the latter. They also 
bear the same relation to them that the alcohols of the allyl series do 
to the normal alcohols. We can consider them as being derivatives 
of the olefines, CnHaw, produced by the replacement of one atom of 
hydrogen by the carboxyl group. 

Some of the methods employed for the preparation of the un- 
saturated acids are similar to those used with the saturated acids. 
Others correspond with the methods used with the olefines, and 
others, again, are peculiar to tliis class of bodies. 

They are formed from compounds containing the same number of 
carbon atoms : 

(1) Like the saturated fatty acids, by the oxidation of their 
corresponding alcohols and aldehydes; thus, allyl alcohol and its 
aldehyde afford acrylic acid : 

CHg : CH-CHaOH ^ CHg : CH-CHO CH2 : CH-COgH. 

Allyl alcohol. Acrolein, Acrylic acid. 

(2) By the action of alcoholic potassium hydroxide (p. 333) on 
the monohalogen derivatives of the fatty acids, or by the action of 
heat on them, together with a tertiary base such as diethylanilin© 
or quinoline (0. 1898, I. 778). 

CHa-CHa-CHCI-COaH and CH 3 CHCI CH./CO 2 H yield CHg’CH : CH-COaH 
a-Chlorobutyric acid. ^-Chlorobutync acid, (Jrotonic acid. 

The jS-derivatives are especially reactive, sometimes parting with 
halogen acids when boiled with water (p. 333), whereas the y-halogen 
acids yield hydroxy-acids and lactones. 

(3) The aj§-derivatives of the acids (p. 336) readily lose two halogen 
atoms, (a) either by the action of nascent hydrogen — 

CHaBr-CHBr-COgH 2H = CHa : CH COaH -f 2HBr, 
a/3-Bibromopropionic acid. Acrylic acid, 

or (6) even more readily when heated with a solution of potassium 
iodide, in which instance the primary di-iodo-compounds part with 
iodine (p. 165) : 

CHal-CHI-COaH = CHg : CH-COaH -f la- 

(4) By the addition of hydrogen to acetylenecarboxylic acids : 

CH3 C : C-COOH + 2H - CHg-CH ; CH‘COOH. 

Tetrolic acid. Crotonic acid. 

(5) By the removal of water (in the same manner in which the 

VOL. I. z 
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olefines C„Ha„ are formed from the alcohols) from the hydroxy-fatty 
acids (the acids belonging to the lactic series) : 

CH 3 CH( 0 H)-C 0 jH and CH 3 ( 0 H)-CH 2 -C 02 H yield CHjjCH-COsH. 
ce-Hydroxypropionic acid, /S-Hydroxypropionic acid. Acrylic acid. 

Here again the j 8 -derivatives are most inclined to alteration, losing water when 
heated. The removal of water from a-derivatives is best accomplished by treating 
the esters with PCI 3 . The esters of the unsaturated acids are formed first, and 
can be saponified by means of alkalis. Another method is to act with P 2 O 5 
on the nitriles of the hydroxy-acids (C. 1898, II. 662). jS-Hydroxy -acids also 
yield olefine carboxylic acids when boiled with alkalis (Ann. 283, 58). 

If both a-situated hydrogen atoms in a jS-hydroxy-acid are substituted, warm- 
ing the ester with P 2 O 5 causes elimination of water in the py position ; if, however, 
there is no hydrogen in the y position, an internal rearrangement occurs which 
favours the expulsion of water (C. 1906,’ 11. 317, 318) : 

CHjCH(OH)C(CH 3 )COjR CHj : CHC(CHs)jC02R 

CH 3 (OH)C(CH 3 )jCO,R CH(CH 3 ) : C(CH5)C02R. 

This reaction is the reverse of the pinacone-pinaeolin transformation {q.v.). 

( 6 ) Amino-fatty acids lose the amino-group, after previous ex- 
haustive methylation (p. 198), and yield olefine carboxylic acids 
(Ber. 33, 1408). 

(7) a-Alkyl-a-bromosuccinic acids lose HBr and CO 2 when boiled 
with sodium hydroxide (C. 1899, I. 1071). 

Nuchus-synthetic Methods, — ( 8 ) Some may be prepared S 3 aithetic- 
ally from the halogen derivatives, CnHan-iX, through the cyanides 
(p. 324) ; thus, allyl iodide yields allyl cyanide and crotonic acid : 
the position of the double bond is changed at the same time : 

CHs : CHCHgl CHg : CH-CHgCN ^ CH 3 CH : CHCOgH. 

The replacement of the halogen by CN in the compounds CrtH 2 n-iX is con- 
ditioned by the structure of the latter. Although allyl iodide, CHg : CH'CHal, 
yields a cyanide, chloroethylene, CHg : CHCl, and jS-chloropropylene, CH 3 - 
CCl : CHg, are not capable of this reaction. 

( 9 ) The action of CO 2 and magnesium on an ethereal solution of 
allyl bromide produces vinyl acetic acid (Ber. 36, 2897) : 

CHg : CHCHaBr + Mg + COg = CHg : CHCHgCOOMgBr. 

( 10 ) Some acids have been synthetically prepared by Perkin^s 
reaction, which is readily brought about with benzene derivatives, 
but proceeds with difficulty in the fatty series. It consists in treat- 
ing the aldehydes Math a mixture of acetic anhydride and sodium 
acetate (comp. Cinnamic acid) : 

CgHisCHO + CHa-COgNa = : CH COaNa + HgO. 

(Enaathol. Xoneiioic acid. 

(Ann. 277, 79 : C. 1899, I. 595). 

j 8 -Dimethylacrylie acid is obtained from acetone, malonie acid and acetic 
anhydride (Ber, 27, 1574). 

Pyroracemic acid acts analogously with sodium acetate — carbon dioxide 
splits off and crotonic acid results (Ber. 18 , 987), 

A modification of this method consists in allowing the aldehyde, dissolved 
in anhydrous ether to react with malonie acid in the presence of anhydrous 
pyridine at a suitable temperature (Bull. Soc. Chim. 41 , 440). 

Methods of fanmtionf dependent upon the breahing'-down of long 
carbm iduzim : 

(11) By the decomposition of unsaturated ^-ketonic acids, 8301 - 
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thetically prepared by the introduction of unsaturated radicals into 
acetoacetic esters. Allyl acetoacetic ester yields allylacetic acid 
(p. 347). 

(12) By the decomposition of unsaturated rmlmic acids, containing 
the two carboxyl groups attached to the same carbon atom (p. 564) : 

CHg-CH : C(C02H)2 = CHs-CH : CH COgH + CO^. 

Ethylidenemalonic acid. Crotoaic acid. 

A large number of unsaturated acids have been prepared by Adams 
and his co-workers from the corresponding unsaturated sufctituted 
malonic acids (J.A.C.S. 52, 1281). 

(13) /Jy-Unsaturated acids are prepared by distilling y-lactone- 
/S-carboxylic acids, the alkylated paraconic acids (Ber. 23, .R. 91). 
In the same manner y(5-unsaturated acids result from the <5-lactone- 
y-carboxylic acids (Ber. 29, 2367) : 

COaH 

— CO* 7 ^ a 

Methyl Para- CHa-CH-CH-CHa > CH 3 CH : CH-CHg-COgH 

conic acid. • • . /3 . 

rj A -Pentenoic acid. 


5-Caprolactone- 
-carboxylic acid. 


COjH 

CHj-CH-CH-CHj-CHii >■ CHs-CH i fe cHj-CHj-COjH. 

Q QQ A^^-Hexenoic acid. 


Isomerism. — Axi isomer of acrylic acid is neither known nor possible. The 
second member of the series has three structurally isomeric, open*carbon chain 
modifications : 


(1) CHa-CH=CH COjH ; ( 2 ) CH 2 =CH-CHa C 02 H ; (3) 


There are actually four unsaturated acids of the formula C4H5O2. To 
vinylacetic acid and methacrylic acid are assigned respectively the formulae 2 
and 3 , on the evidence of their methods of preparation. This leaves the formula 1 
to represent both erotonic acids, and their isomerism must be explained as a 
stereochemical one (cis-tram isomerism, see p. 41 ). 

Numerous pairs of unsaturated acids are known, which are stereochemically 
related to each other in the same way as the two erotonic acids, e,g. angelic and 
tiglic acids, oleic and elaidic acids, erucic and brassidic acids. 

The monocarboxylic acids of the c2/cZoparaf¥ins are structurally isomeric with 
the unsaturated acids. Thus, c^/cZopropanecarboxylic acid is isomeric with the 
unsaturated acids C 3 H 5 COOH and ci/c/obutanecarboxylic acid with the acids 
C4H,C00H : 


CH, 




CH3 




[•COOH 
cj/cZoPropaneearboxylic acid. 


CH3—CH2 

I I 

CHj— CH-COOH 

cycZoButanecarboxylic acid. 


Properties and Reactions . — ^The unsaturated acids, which resemble 
the saturated acids in their general behaviour, differ from them in 
their unsaturated character, as shown by their capacity, to form 
addition compounds. They thus combine the properties of a fatty 
acid with those of an olefine. The a/?-unsaturated acids in particular 
very readily form addition products. For dissociation constants of 
the unsaturated acids, see Ann. 334, 201 : 348, 256. 

(1) Reduction . — ^the unsaturated acids are converted by reduction 
into the corresponding fatty acid. 

The lower members usually combine with 2H produced by the 
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action of zinc on dilute sulphuric acid, while the higher members 
remain unaffected. Sodium amalgam apparently only reduces the 
a/S-unsaturated acids. By heating with hydriodic acid and phosphorus 
or by the action of hydrogen in the presence of a nickel, platinum 
or palladium catalyst, all unsaturated acids are reduced, the ajS- 
unsaturated compounds being again, in general, the most readily 
attacked (Ber. 41, 1476, 2273 : 42, 1325). 

(2) Esters of the unsaturated acids, such as acrylic and crotonic 
acids, polymerize under the influence of sodium methoxide, whereby 
the double bond is broken, and the jS-carbon atom of one molecule 
joins the a-carbon atom of a second, accompanied by the migration 
of a hydrogen atom : 

2CHa : CH-COOH = COaH-C(: CH2)-CHj*Cir2-COOH. 

(3) They combine witli halogen acids, forming monohalogen fatty 
acids. In so doing the halogen atom enters the molecule as far as 
possible from the carboxyl group (p. 331). 

(4) They unite witli the halogens to form dihalogen fatty acids 
{J.C.S. 97, 2450). 

AU these reactions have already been given as methods for forming 
fatty acids and their halogen derivatives. 

The addition of halogen to the unsaturated acids is used for the 
purpose of separating the unsaturated from the saturated acids (C. 
1921, IV. 1239). 

(5) Ammonia converts the olefine carboxylic acids into amino- 
fatty acids : crotonic acid yields j8-aminobutyric acid (c/. C. 1909, 
IL 1988). Hydrazine and phenylhydrazine behave similarly with the 
same compounds. 

(6) Diazoaeetic ester and diazomethane combine with the olefine 
carboxylic esters to produce pyrazolinecarboxylic esters : acrylic 
ester and diazoaeetic ester yield 3 : 4-pyrazolinecarboxylic ester (q,v.) 
{Buchner, Ann. 273, 222). 

(7) The olefinecarboxylic acids unite with N2O4, forming dinitro- 
carboxylic acids (c/. Addition of N2O4 to olefines, p. 104) : 

CHjCH : CHCOOH CH,CH(N02)-CH-(N02)C00H. 

These addition compounds are destroyed when heated with fuming 
hydrochloric acid with the formation of mono- and dicarboxylic 
acids, e,g, : 

CHj(CH2),CH(N0j)*CH(N02)-(CH2),C00H 

CH3(CH2),C00H + COOH-COHah'COOH. 

Pelargonic acid. Azekic acid. 

These reactions are of value in determining the position- of the 
double bond in unsaturated acids (J. pr. Chem. [2] 86, 521), 

(8) The behaviour of unsaturated acids towards alkalis is note- 
worthy. 

(а) When heated to 100'*, with KOH or NaOH, they frequently 
absorb the elements of water and pass into hydroxy acids. Thus, 
from acrylic acid we obtain lactic acid ; 

OHa : CH'COaH + HaO = CHa-OHCOHj-COaH. 

(б) ^y-Unsaturated acids rearrange themselves to a//-unsaturated 
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acids {Fittig, Ann* 283, 47, 269 : Ber. 28, R. 140) when they are 
boiled with alkali hydroxide : 

CH,-CH,- 3 H=CH*CHisCOOH y CHa CHa^Hj-CH^CH COOH, 

" Hydrosorbic acid. n-Butylideneacetic acid. 

In general, a distant double bond migrates nearer the COOH- 
group (of. Oleic acid, Monatsh. 38, 1). 

(c) When fused with potassium or sodium hydroxide their double 
union is severed and two monobasic fatty acids result ; 

CHg : CH-COjjH + = CHgOg + CHa-COaH + 

Acrylic acid. Formic acid. Acetic acid. 

CHaCH : CH CO,H + 2H2O = CHa-COgH + CHa'COaH + 

Crotonic acid. Acetic acid. Acetic acid. 

The decomposition occasioned by fusion with alkalis is not a reaction 
which can be applied in ascertaining constitution, because under the 
influence of the alkalis there may occur a displacement or rearrange- 
ment of the double union. 

(9) Oxidation. — Oxidizing agents like chromic acid, nitric acid and 
potassium permanganate have the same effect as alkalis, (a) The 
group linked to carboxyl is usually further oxidized, and thus a 
dibasic acid results. 

(6) When carefully oxidized with permanganate, the unsaturated 
acids undergo an alteration similar to that of the olefines and dihydroxy 
acids are formed (Fittig, Ber. 21, 1887). 

CH3 CH ; C(C2H5)COaH + 0 + HgO = CH3CH(0H)-C(0H)(C*H3)C02H. 
oc- Ethyl crotonic acid. a/3-Dihydroxy-a-ethylbutyric acid. 

By the oxidation of the methyl or ethyl esters with permanganate 
in hot acetone or acetic acid solution, the unsaturated acids can be 
converted into the mono- and dibasic acids obtainable by rupture of 
the double bond in high yield, and without shift of the ethylenic 
linkage. This method is of value in the determination of the con- 
stitution of such unsaturated acids (Armstrong and Hilditch, J.S.C.L 
44, 43t). 

(10) Ozone produces ozonides by action on the olefine carboxylic 
acids. They are decomposed by water into aldehydes and aldehyde - 
acids, a reaction which indicates their constitution (comp. p. 106) 
(Ann. 343, 34 : 374, 356) : 

CHa CH : CHCOOH + 03 + 11.^0 = CH3CHO + HOC COOH + 

Crolouic (or isocrotoiiic) acid. “ Acetaldehyde. Cllyoxylic acid. 

Tlic unsaturated acids resemble olefines in their reaction with 
pcrbcnzoic acid (Bor. 42, 4811 : sec also p. 106). 

(11) /3y-Unsaturated acids when heated with dilute sulphuric acid 
yield y-lactones : 

r""' i 

(CH3)3C : CH'CHjCOaH y (CH3)3C-CH3-CH2*COO. 

Pyroterebic acid. isoCaproIactone. 

As the ajS-unsaturated acids are usually unaffected by this pro- 
edure, it forms a method for the separation of o^- and jSy-unsaturated 
acids (Ann. 283, 51 : c/., however, Ber. 42, 4710). 



342 


ORGANIC CHEMISTRY 


(12) Many a^-unsaturated esters react with the sodium derivative 
of ethyl malonate to form saturated tricarboxylic esters {Michael 
condensaiion). This reaction has recently been shown to be reversible, 
an equilibrium being attained between the unsaturated ester and 
malonic ester and the addition product (Ingold and Powell, J.C.S. 
119 , 1976), 

Acrylic acid [Propene-acid], CHa : CH-COaH, m.p. 7®, b.p. 141®, 
is obtained accor^ng to the general methods : 

(1) From ^-chloro-, jS-bromo-, or j(?-iodo-propionic acid by the 
action of alcoholic potassium hydroxide or lead oxide. 

(2) From a/3-dibromopropionic acid by the action of zinc and 
sulphuric acid, or potassium iodide, or reduced copper containing 
iron (C. 1900, IL 173). 

(3) By heating jS-hydroxypropionic acid (hydracrylic acid). 

The best method consists in oxidizing acrolein with silver oxide, or 
by the conversion of acrolein, by successive treatment with hydro- 
chloric and nitric acid, into ^-chloropropionic acid, and the subse- 
quent decomposition of this acid by alkali hydroxide (Ber. 26, R. 
777 : Ber. 34, 573). 

Acrylic acid is a liquid with an odour like that of acetic acid, and 
is miscible with water. If allowed to stand for some time, it is trans- 
formed into a solid polymer. By protracted heating on the water- 
bath with zinc and sulphuric acid it is converted into propionic acid, a 
reaction which does not occur in the cold. It combines with bromine 
to form ajS-dibromopropionic acid, and with the halogen acids to 
yield jS-substitution products of propionic acid (p. 335). If fused with 
alkali hydroxides, it is broken up into acetic and formic acids. 

The silver salt, CsHgOjAg, consists of shining needles ; lead salt, 
crystallizes in long, silky, glistening needles ; ethyl eater, CgHgOg-CgHs, b.p. 101% 
obtained from the ester of aj?-dibromopropionic acid by means of zinc and sul- 
phuric acid, is a pungent-smelling liquid ; methyl ester, b.p. S5®, is polymerized 
by sodium methoxide to oc-methylene glutaric ester (Ber. 34, 427). 

Acryl chloride, CHg : CH-COCl, b.p. 75°; anhydride [CHg : CH-COlgO, b.p. 
9T/35 mm . ; amide, CHg : CH-CONHa, m.p. 84° ; nitrile, vinyl cyanide, CH, 
C3H-CN, b.p. 78° (Ber. 26, R. 776 : C. 1899, 11. 662). 

Substitution Products. — There are two isomeric forms of mono- and di- 
sul^tituted acrylic acids. 

a’Ghhroaerylic add, CHg : CCbCOaH, m.p. 64°, results when aj3- and also 
ota-dichloropropionic acids are heated with alcoholic potassium hydroxide. It 
combines with HCl at 100° to produce aiS-dichloropropionic acid (Ber. 10, 1499 : 
18, 244). 

p-Cfdoroacrylic add, CHCl ; CH-COgH, m.p. 84°, is produced together with 
dichloroacrylic acid in the reduction of chloralide with zinc and hydrochloric acid 
(Ann. 203, 83 : 239, 263), also from propiolie acid, CH liC-COgH (p. 351), by the 
addition of HCl. It unites with HCl to jSjS-diohloropropionic acid. Ethyl ester, 
b.p- 146°. 

OL-Bfontmcrylie add, m.p. 69-70°, is slowly decomposed by alkalis into acety- 
lene and’ alkali bromide and bicarbonate (Ann. 342, 135). 

p-Bromoacrylic acid, m.p. 115-116°. 

P-Iodoacrylic add, is known in two modifications, m.ps. 139-140° and 65° 
(Ber. 19, 642). 

ap-Dddorocxryli/i add, m.p. 87° ; ppdkhloroacrylic acid, m.p. 

acid, m.p, 85-86° ; pp-dihromoacryUc acid, m.p. 86°. 

ap-Di-iodoac^lic add, m.p. 106° ; pp-di-iodoacrylic add, m.p. 133° (Ber. 
18 , 2284). 

a^Ohkmi^p-iodoacrylic add, m.p. 89°, results from reduction of iodosochloro* 
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acrylic acid, or its iodosochloride, which in turn is prepared by the action of water 
or alcohol on wdosochloro-clihrojumaTic acid (Ann. 369, 120). 

Cllc(COOH) : ca-cod > CllCH : CCl Cod ICH : CCICOOH. 

lodosochloro-chloro- lodosochloro- Chloro-iodo- 

fumaric acid. chloroacrylic acid. acrylic acid. 

TricMoroacrylic acid, m.p. 76® ; ethyl ester, b.p. 193° ; orthoethyl ester, CClg :• 
CClC(OC 2 Hg) 3 , b.p. 236°, from hexachloropropylene (Ann. 297, 312). 
Trihromoacrylic acid, m.p. 117-“118°. 


Butenoic Acids, C4He02 

The four-carbon members of the olefinio acids comprise the two 
crotonic acids, vinylacetic acid and methacrylic acid. 

Crotonic Acids. — ^As already mentioned, the isomerism of the 
two crotonic acids is to be attributed to the different spatial arrange- 
ments of the groups in the two acids, the two forms being represented 
by the following formulae : 

HC-COOH H-CCOOH 


II II 

H-C*COOH COOHCH 

Cis-form jTmws-form 

(Plane-symmetrical). (Axial-symmetrical). 

The assigning of spatial formula to the isomeric olefinic acids 
presents very considerable difficulties, and the formulae originally 
ascribed to the two crotonic acids has not stood the test of recent 
experimental work. Auwers has synthesized a yyy-trichlorocrotonic 
acid which can be smoothly converted at 0® into fumaric acid, which 
is known to possess the ^raji^-configuration, and by reduction into 
solid crotonic acid.' As these reactions should not affect the double 
linking, it is concluded that the trichloro acid, and therefore the solid 
crotonic acid is to be represented by the ^m?ts-configuration and iso- 
crotonic acid by the ds-formula (Ber. 56, 715) : 


CCI3 CH : CH-COOH 


H-CCOOH 

II 

COOH-C-H 


Fumaric acid. 


H-C-COOH 

II 

CHs-C-H 


Solid crotonic acid. 


The melting and boiling points of crotonic and tsocrotonic acids 
and their halogen derivatives is given in the following table. 


Tmn5-Configuration 
Crotonic acid 

H-C-COOH 

M.P. 

72° 

B.P. 

180° 

a-Chlorocrotonic acid 

^-Chlorocrotonio acid 

y-Chloroerotonic acid 

a-Bromocrotonic acid 

/S-Bromocrotonio acid 

|j 

CHs-C-H 

99° 

94° 

77° 

106° 

95° 

212° 

200° 

<7i5-Configuration 
i^oCrotonic acid 

. H-C-COOH 

15° 

75°/23mm. 

oC’Chloroisocrotonic acid .... 
p-Chloroisocrotonic acid .... 
a-Bromotsocrotonic acid .... 

II 

. H-C-CHa 

66° 

59° 

92° 

195° 
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1. Ordinary or solid crotonic acid is obtained according to the general 
methods of formation (pp, 337-339) : 

(1) by the oxidation of crotonaldehyde, CH3CH : CH-CHO (p. 264) ; 

(2) by the action of alcoholic potassium hydroxide on a-bromobutyric acid 
and ^-iodobutyrio acid ; 

(3) by the action of KI on ajS-dibromobutyric acid ; 

(4) by the distillation of jS-hydroxybutyric acid ; 

(5) by the hydrolysis of allyl cyanide, CH3 : CHCHaCN, from allyl iodide and 
potassium cyanide, accompanied by shift of the double linkage (Ber. 21 , R. 494 : 
C. 1903, n. 657). 

(6) Crotonic acid is most readily prepared by condensing malonic acid 
with acetaldehyde in the presence of p3nridine (see p. 543) or by heating malonic 
acid, CH2(C02H)2, with paraldehyde and acetic anhydride : the ethylidene- 
malonic acid first produced decomposes into COj and crotonic acid (Ann. 218, 
147) ; 

(7) Finally, from isocrotonic acid, dissolved in water or carbon bisulphide, 
by the action of a trace of bromine, in sunlight. 

Crotonic acid crystallizes in fine, woolly needles or in large plates, and dissolves 
in 12 parts water at 20°. The warm aqueous solution reduces alkaline silver 
solutions with the formation of a silver mirror. Zinc and sulphuric acid, but not 
sodium amalgam, convert it into normal butyric acid. It combines with HBr 
and HI to yield j8-bromo- and jS-iodobutjndc acid, and with chlorine and bromine 
to form a^-dichloro- and ajS-dibromobutyric acids. Its methyl ester combines 
at 180° with sulphur (Ber. 28, 1636), 

It polymerizes imder the influence of sodium ethoxide to form a-ethylid©ne-j8- 
methyl glutaric ester (Ber. 33, 3323). Crotonic ethyl ester, similarly treated, 
yields jS-ethoxybutyric ester (Ber. 33, 3329). When fused with potassium hy- 
droxide, crotonic acid breaks up into two molecules of acetic acid ; nitric acid 
oxidizes it to acetic and oxalic acids, and potassium permanganate to dihydroxy- 
butyric acid (Ann. 268 , 7), which can be resolved by means of its quinidine 
salt (0. 1904, I. 788, 934). Similarly to isocrotonic acid, crotonic acid is split 
up by ozone and water into acetaldehyde and glyoxylio acid (p. 455). 

By the action of ultra-violet irradiation crotonic acid, and more readily 
its amide, is partially isomerized into isoccotomo acid or its amide (Ber. 47 , 
1786). 

Methyl ester, b.p. 121° : cMoride, b.p. 114° (Ber. 34, 191) : anhydride, b.p. 
128-130°/! 9 mm., from crotonic acid and acetic anhydride, gives, with BaOo, 
cromyl peroxide (CHsCH : CHGO)202, m.p. 41° (C. 1903, I, 958) : amide, m.p. 
159° (Ber. 47 , 1789) : anilids, m.p. 118°. 

a-Chlorocrotonic acid, CHa-CHrCClCOaH, is obtained when trichloro- 
butyric acid (p. 336) is treated with zinc and hydrochloric acid, or zinc dust and 
water, or when ajS-dichlorobutyric acid (m.p. 63°) is heated with pyridine. The 
last reaction probably involves the intermediate formation of a-chloroi^ocro tonic 
acid, which is then transposed by the action of the pyridine hydrochloride into 
the irana-chloro acid (Ber. 43, 3039). 

^’GJhiorocrotonic acid, CHj;*CCl ; CH*C02H, is obtained in small quantities 
(together with ^-chloro?«ocrotonic acid) from acetoacetio ester by the action of 
PCI5 and water and by the^addition of HCl to tetrolic acid. With boiling alkalis 
it yields tetrolic acid (p. 352). Sodium amalgam converts both «- and fl-chloro- 
crotonic acids into ordinary crotonic acid. 

yChlorocroionic acid, CHaCl-CH ; CH-COaH, m.p. 77°; from the nitrih, 
b.p. 73yi5 mm., which is prepared by distilling the addition product of HNC 
and epichlorhydrin with PjOg (C, 1900, II. 37). 

a-Bromocrotonic acid, m.p. 106°, is obtained from ajS-dibromobutyrie 
acid (m.p. 85°) by heating with pyridine (Ber. 43, 3042). 

P-Broimcfoionic acid, m.p. 95°, is obtained from tetrolic acid (p. 352). 

Dichhro- and dibrormcrotonic acids, see tetrolic acid, p. 352. 

W'Trichlorocrotonic acid, m.p. 114°, b.p. 146°/18 mm., is formed by 
heating triehlorohytoxybutyrio acid with sodium acetate and acetic anhydride 
per. 46 , 4^) and is converted by concentrated sulphuric acid in the cold into 
lumaric acid, and by reduction into solid crotonic acid (Ber. 56 , 715). 

(2) ^oCrotonic acid, guartenylic acid, om-crotonic acid, allocrotonic acid, 
m.p. 16 , was first obtained from j3-chlorowocrotonic acid by means of sodium 
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amalgam, and is also formed from a-ohloroisocrotonic acid. It is also formed by- 
distilling j8-hydroxyglutario acid under reduced pressure (C. 1898, II. 1011). 

Heated in a closed tube to 170—180®, it is converted into cro tonic acid, a 
change which also partially occurs during distillation, or by the action of bromine 
on an aqueous or carbon bisulphide solution in sunlight (C. 1897, II. 259), 
The reverse change from crotonic to ^ocrotonic acid takes place partially under 
the influence of ultra-violot light (Ber. 47, 1786). 

It can be separated from the solid crotonic acid by means of the greater 
solubility of its sodium salt in alcohol, or its more easily soluble quinine salt. 
(C. 1897, II. 260 ; 1904, I. 167). Melted with potassium hydroxide wocrotonic 
acid yields only acetic acid, like the ordinary crotonic acid, into which it may 
first be changed. Sodium amalgam has no action on it. It absorbs HI, forming 
j8-iodobut3n’ic acid (Ber. 22, R. 741). Chlorine unites with it to form a liquid 
dichloride, C4HaCl20a, the wo-aj8-dichlorobutyrio acid, which gives up HCl, 
changing into a-chlorocrotonic acid. KMn04 oxidizes it to a dihydroxybutyrio 
acid (g.-y.) (Ann. 228, 16)^ Anilide, m.p. 102®. 

a-Chlorowocrotonic acid is obtained by the action of sodium hydroxide on 
a/3-dichlorobutyrie acid. It is the most soluble of the four chlorocrotonic acids 
(Ber. 22, R. 52). Under the action of pyridine hydrochloride, it is changed 
into chlorocrotonic acid (7.?;.). 

p’Ohloroisocrotonic acid (with j3-chlorocrotonic acid) is produced by the action 
of PCI 6 and water on acetoacetic ester, CHaCO CHgCOCgHg. It is very probable 
that jS-diehlorobutyric acid is formed at first, and this afterward parts with 
HCl. It is also formed by protracted heating of /8-chlorocrotonic acid. 

Sodium amalgam converts both the a- and )5-chloroiaocrotonic acids into 
liquid i^ocrotonic acid (Ber. 22, R. 52). 

a- Bromoiaocrotonic acid is produced by the action of sodium hydroxide 
on free ajS-dibromobutyric acid (Ber. 21, R. 242). 

(3) Vinylacetic acid, CH^ ; CH-CHgCOOH, b.p. 71®/13 mm., is produced 
together with glutaconic acid, by heating jS-hydroxyglutaric acid ; also from 
jS-bromoglutaric acid by the action of sodium hydroxide solution ; or by heating 
a solution of its neutral sodium salt. It can further be obtained from allyl 
bromide, COg, and Mg, in ether (Ber. 36, 2897). It is an oil, volatile in steam. 
Boiling with sodium hydroxide converts it into ordinary crotonic acid and 
/3-hydroxybutyric acid j acids produce the ordinary crotonic acid only. Bromine 
changes it into ]3y-dibromobutyric acid, which gives jS-hydroxy-y-butyrolactone 
when boiled with water. Calcium mlt, (C4H502)2Ca + HgO (Ber. 35, 938). 

Vmylacetonitrile, allyl cyanide, CHg : CH'CHgCN, b.p. 118®, obtained from 
allyl bromide or iodide with alkali cyanide, or from y-chlorobutyronitrile and 
pyridine (C. 1921, III. 30), yields solid crotonic acid on hydrolysis, accompanied 
by internal change. Bromine produces ]5y-dibromobutyronitrile which, on 
saponification, yields /8y-dibromobutyric acid ; reduction of the latter with 
zinc and alcohol gives rise to vinylacetic acid (C. 1905, I. 434). Anilide, 
m.p. 58®. 

(4) Methacrylic acid, CHg : CMo-COOH, m.p. 16°, b.p. 160*5®. Its ethyl 
ester was first obtained by the action of PCls on hydroxyisobutyric ester, (CHs)2- 
C(0H)-C02-C2H5. It can bo prepared from a-bromowobutyric acid by warming 
it with concentrated sodium hydroxide solution (Ann. 342, 159), It is, however, 
best prepared by boiling cf^ra-bromopyrotartaric acid (from citracoiiic acid and 
HBr) with water or a sodium carbonate solution : 

C5H7Br04 = C4H4O2 4* COg + HBr. 

It crystallizes in prisms which are readily soluble in water ; it polymerizes 
on keeping and in contact with HCl to 'polymetliacrylic acid (Ber. 30, 1227). 
Sodium amalgam easily converts it into wobutyric acid. With HBr and HI it 
forms a-bromo- and a-iodo-f^obutyric acid, whilst bromine produces aj8«dibromo- 
wobutyric acid, whereby the above constitution is substantiated (J. pr. Chem. 
[2] 25, 369). Fusion with potassium hydroxide decomposes it into propionic and 
formic acids. The nitrile, b.p. 90®, is produced from acetone cyanhydrin by 
PgOg (C. 1898, II. 662). Anilide, m.p. 87®. 

Bromomethacrylic acid and isobromometliacrylic acid, BrCH : C(CH3)COOH, 
m.ps. 64° and 66°, are produced from citra- and mc^a-dibromopyrotartaric acid. 
They are separated from one another by means of petroleum ether. Heat 
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changes the tso-acid into the normal form, which on further heating is decom* 
posed into HBr, CO^, and allene (p. 114) (Ann. 343, 163). 

The characterization of the four butenoic acids can be effected through their 
anilides, CsHs-CO'NHCgHs, which are obtained by treating the acids with 
PCis, aniline, and sodium hydroxide (Ber. 38, 254) : .... 

Crotonic anilide, m.p. 118® ; vinylacetic anilide, m.p. 68® ; isocrotomc anilide, 
m.p. 102® ; methacrylic anilide, m.p. 87®. 


Pentenoic Acids, C4H7*C02H 

Of the isomers of this formula, angelic or ajS-dimethylacrylic acid is the inost 
important. It bears the same relation to tiglic acid as crotonic does to iso- 
crotonic acid (p. 343), 

Angelic acid (Spatial configuration, Ber. 56, 723), 

m.p. 45°, b.p. 185°, exists free along with valeric and acetic acids in the roots of 
Angelica archangelica, and as butyl and amyl esters, together with tiglic amyl 
ester, in Boman oil of cumin, the oil of Anthemis nobilis. 

Angelic acid congeals, when well cooled, and may be thus separated from 
liquid valeric acid by pressure. Angelic and tiglic acids can be separated by 
means of the calcium salts, that of the first being very readily soluble in cold 
water (Ber. 17, 2261 : Ann. 283, 105). 

When angelic acid is boiled for twenty hours with sodium hydroxide, two- 
thirds of it is converted into tiglic acid. Heating with water at 120® will change 
over one-half of it to tiglic acid (Ann. 283, 108). When pure angelic acid is 
heated to boiling for hours it is completely changed to tiglic acid. The same 
occurs by the action of concentrated sulphuric acid at 100°. It dissolves without 
difficulty in hot water, and volatilizes readily in steam. 

Ethyl ester, b.p. 141°. 

TT r*0 TT 

Tiglic acid, cc-imthylcrotonic add, , m.p. 64‘5°, b.p. 198° 

present in Roman oil of cumin (see above), and in croton oil (from Croton tigliurh), 
which is a mixture of glycerol esters of various fatty and oleic acids. It can 
be prepared from a-hydroxy-a-methylbutyric acid, C2H5‘CMe(0H)*C02H, by 
the abstraction of water. Together with angelic acid it is obtained from hydroxy- 
pivalic acid, HO*CH2C*(CH3)2COOH, by an internal change accompanied by the 
loss of water, according to mode of formation 5 (p. 337). Also from acetaldehyde 
and propionic acid, by mode of formation 10 (p. 338). It is converted by 
bromine into two dibromides (Ann. 250, 240 : 259, 1 : 272, 1 : 273, 127 : 
274, 99). For their constitution, compare Ber, 24, B. 668. Ethyl ester, b.p. 1 52°. 

The three possible €icids, C4H7CO2H, with normal structure are also known 
(Fittig, Ann. 283, 47 : Ber. 27, 2658). 

Propylideneacetic acid, d°^-pentenoic add, CHg^CHg-CH : CH-COjH, m.p. 
10°, b.p. 201°, is formed, together with y-hydroxyvaleric acid, on boiling ethyli- 
denepropionic acid with sodium hydroxide ; as well as from malonic acid, pro- 
pionic aldehyde and acetic anhydride, together with d^-pentenoic acid ; dibrom- 
ide, m.p. 56°. 

Ethylidenepropionic acid, 4^-pentenoic add, CHsCH ; CH-CHgCOaH, b.p. 
194°, is best prepared by the distillation of methylparaconic acid (Ber. 37, 
1997). It is also produced by the reduction of vinylacrylio acid (p. 353) by 
sodium amalgam (Ber. 35, 2320) ; dibromide, m.p. 65°. 

a-Ethylacrylic acid, CH2=C(C2H5)COOH, m.p. 45°, b.p. 180°, is obtained 
from a-bromo-oc-ethylsuceinio acid. On. warming with concentrated sulphuric 
aqid it is partially changed to tiglic acid, partially into CO and methyl ethyl 
ketone, CH3*CO-C2H5 (C. 1905, 1. 591). Sulphuric acid produces similar decom- 
positions and changes in the homologous a-alkylacrylic acids (C. 1905, II. 612). 

J?jS-Dimethylacrylic acid, (CH3)3C : CH-COgH, m.p. 70°, is obtained (1) 
from jS-hydroxy-i?ovalerie acid by distillation; (2) from acetone and malonic 
acid by means of acetic anhydride (Ber. 27, 1574) ; (3) from its ester, produced 
when a-bromoiaovalOTic acid ester is heated with diethylaniline (Ann. 280, 252) ; 
(4) £mm mesityl oxide by the breaking-down action of sodium hypochlorite : 

NaClO 

(CH,),C:C0CH3 > 


; CHCOOH + CHCly 
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(C. 1906, II. 614.) The ethyl ester and HlIOj yield two isomeric mononitro 
compounds. See Ber. 29, R. 956 for its derivatives. 

AUylacetic acid, Ay-penUnoic acid, CH^ : CH-CH^-OHa-COaH, b.p. 187% is 
obtained on heating allylmalonic acid. 


Hexenoic Acids, CgHioOg 

Hydrosorbic acid, Propylidenepropionic acid, A^ -Hexenoic acid, CHg'CHg- 
CH : CH-CHg-COgH, b .p. 208°, is obtained from ethylparaconic acid, CHg-CHa*- 

CH*CH(C02H)CH2C00, according to method 13 (p. 339) ; hence it is probably 
a ^y-unsaturated acid. It is the first reduction product of sorbic acid, CH^CH 
CH-CH : CH*C02H, the two hydrogen atoms attaching themselves in accord with 
Thiele’s rule in the aS -position at each end of the conjugated system, with for- 
mation of a new jSy-double bond. When hydrosorbic acid is heated with sodium 
hydroxide, the isomeric wohydrosorbic acid is produced with shift of the double 
bond. 

isoHydrosorbic acid, A^-Hexenoic acid, CH3(CHa)2CH : CH*COOH, m.p. 
33°, b.p. 216°, is also obtained, together with a little of the d^-acid by heating 
a-bromocaproic ester with quinoline (Ber. 24, 83 : 27, 1998). When its bromine 
addition product is boiled with water, hydroxy -caprolactone and homolsevulinio 
acid result (Ann. 268, 69). 

d'y-Hexenoic acid, CH3CH : CH CHgCOOH, m.p. 0°, b.p. 206° (see mode of 
formation 13, p. 339). Permanganate breaks it down into acetic acid and 
succinic acid (Ber. 37, 1999). 

.4®-Hexenoic acid, CH, : CHCHjCHjCHjCOOH, b.p. 203°, is fonned, to- 
gether with the yS-acid, from qc-hydroxy-a-methyladipic acid by the action 
of heat ; also from €-aminocaproic acid by means of nitrous acid (Ber. 37, 
1999). 

Vinyldimethylacetic acid, CHg : CH-C{CH3)2COOH, b.p. 185°. Its ester is 
obtained from aajj-trimethylhydracrylio ester by PgOg. The acid is oxidized 
by permanganate to dimethylmalonic acid, (CH3)2C{COOH)8. Analogously 
many homologous alkenyldimethylacetic acids can be obtained (C. 1900, II. 317, 
1116). Their dibromides are partially decomposed by alkalis in an abnormal 
manner. 

A°^-i8dHexenoicSLcid, p-isoPropylacrylicacid, (CH3)2CH*CH : CHCOOH, b.p. 
212°, from jS-hydroxycaproic acid or a-bromowocaproic ester (Ber. 29, R. 667 : 
C. 1899, I. 1157). 

)3-Methyl-d^-pentenoic acid, CH, CH : CMe CHs-COOH, b.p. 199°, is 
obtained according to method 13 (p. 339). 

i5-Methyl-J“-pentenoic acid, CHa'CH^ CMe ; CH COOH, m.p. 46% b.p. 
207° (Ber. 42, 4707). 

Ethylcrotonic acid, CHg-CH : C(C3H5)COOH, m.p. 40°, and ethyliso- 
crotonic acid, b.p. 200°, are obtained together on the distillation of diethyl- 
glycollio acid, (C2H5)2C(OH)‘COOH. The first is a sublimable solid, the second 
a liquid. The latter is converted into the solid acid when heated under pressure 
to 200° (Ann. 334, 105). The calcium salt of the iso-acid is less soluble in hot 
water than in cold. 

Pyroterebic acid, (CH3)2C : CH-CHa-COgH, and teracrylic acid, C3H7- 
CH : CH-CHg-COaH, b.p. 218° (Ann. 208, 37, 39), belong to the acids CsHioOg 
and O9H12O2. They deserve notice because of their genetic connection with two 
oxidation products of turpentine oil — ^terebic acid and terpenylic acid— which 
will be considered in Vol. II. Pyroterebic acid is changed by protracted boiling or 
by HBr to the isomeric wocaprolactone : 

(CHs)8icH,-CH,CO(!>. 

Teraciylic acid is converted by HBr into the isomeric heptolacton© ; 


C3H,CH‘CH3-CH3-C00. 
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Higher Unsaturated Acids 

Nonenoic acid, OH 3 {CH 2 ) 6 CH ; CH-COOH, b.p. 144713 mm. from cenanthal 
according to methods 10 and 12 (J.C.S. 97, 299). 

d“-Decenoic acid, CH 3 (CH 2 ) 6 CH : CH'COOH, is obtained from hexy 
paraconie acid according to method 13. d^-Decenoic acid, CH 2 : CH[CH 2 ] 7 " 
COOH, b.p. 14274 mm., occurs in small amount in butter (Ber. 55, 2197). 

d‘-Undecenoic acid, CH2=CH(CH2)8C02H, m.p. 24-5% b.p. 165715 mm., 
is produced, together with oenanthol (p. 238) (C. 1901, 1. 612) by distilling castor 
oil under reduced pressure. It yields sebacic acid, (CH2)8(C02H)2 {q-v.), on 
oxidation (Ber. 19, R. 338 ; 19, 2224). GUoridey b.p. 128°/14 mm. ; anhydridey 
m.p. 13®, b.p. 170®/11 mm. ; nitrUey b.p. 130®/14 mm. (Ber. 33, 3580) ; amidey 
m.p. 85° (Ber. 31, 2349). \^en its dibromidey m.p. 38®, is incompletely decom- 
posed by alcoholic potassium hydroxide, dehydro -undecylenic acid, CHsC[CH 2 ] 8 - 
COgH, m.p. 43®, is obtained, which, fused at 180° with potassium hydroxide, 
changes to undecolic acid, CHa’C : C[CH2]7C02H, m.p. 59° (Ber. 29, 2232). 

da-Dodecenoic acid, CHa-ECHgls-CH : CH-COOH, m.p. 13-14®, b.p. 186- 
189°/12 mm., is obtained by method 2 (p. 337) (J.C.S. 1931, 2046). 

To ascertain the point of the doubly linked carbon atoms in the higher olefine 
monocarboxylio acids, the latter may be converted into their corresponding 
acetylene monocarboxylic acids (p. 350), which, in turn, are oxidized and split 
open at the point of triple carbon union ; or they are changed to ketonecarboxyiic 
acids, and these are then broken down. Thus, oleic acid yields atearolic acid, 
which may be oxidized to azelaic acid, C 7 Hi 4 (C 02 H) 2 , and pdargonic acid, 
C 8 H 17 CO 2 H. This would mean that in stearolio acid the carbon atoms 9 and 10 
are united by three bonds, and that they are the atoms which in oleic acid are in 
double union. This conclusion is confirmed by the conversion of stearolic acid, 
by means of concentrated sulphuric acid, into ketostearic acid, whose oxime 
undergoes the Beckmann rearrangement at 400°, as the result of the action of 
concentrated sulphuric acid. Two acid amides result, which are decomposed by 
fuming hydrochloric acid, the one into octylamine and sebacic acid, the other 
into pelargonio acid and 0-ammononoic acid (Ber. 27, 172) : 

Okie acid. CgHi^CH : 0H[CHa],CO2H ^ C8Hi7CHBr-CHBr[CH2]7C02H 



Stearolic acid. 


Kctoxinic- 
stearic acid. 


CgHnCsCfCHg^COgH ■ 


CgHi^CO-CHaECHglvCOaH 
Ketostearic acid. 


C;H„C(N0H)[CH2]8C02H 

/\ 

C8Hi 7NHC0[GH2]8C02H CaHwCO-NHLCHalaCOaH 

+ [CH2]8(C02H)2 CgH^COgH + 

Octylamine. Sebacic acid. Pelargoiiic acid. 0-Amiuoiionolc acid. 


The constitution of hypogicic and orucic acids has been doteriniiied in tho 
same manner. 

Tlie constitution of stearolic acid still roinainod doubtful, however, since 
ketostearic acid, Ci 8 Hj,CO[GH 2 ] 8 COOH, could also be forinod from an acid of 
the fonnula C 7 Hj 5 C s^C[CH 2 ] 8 COOH. However, the assumed constitution of oleic 
acid is substantiated by boiling its ozonide with water, whereby tho decom- 
position products, nonyl aldehyde and azelaio aldehyde acid, were obtained 
together with their oxidation products, pelargonio acid and azelaic acid (Ber. 39, 
3732) ; 


CgHwCH— CHLCHgljCOOH 


-> CsHijCHO + OCH[CHJ,COOH 


The method referred to previously, of oxidizing tho esters of the acids with 
pennanganate m acetone or acetic acid solution is also of great value in dotor- 
mining the position of the double bond (see p. 341). 



OLEFINE MONOCAEBOXYLTC ACIDS 34^ 

Palmitoleic acid {Zoomaric acid), ^^[CHalsCH : CH[CH2]7C00H:, occurs 
in whale oil (J.S.C.I. 44, 180t). 

Hypogasic acid, CHgLCHaljCH : m.p. 33°, b.p. 236715 mm, 

found as glycerol ester in earthnut oil (from the fruit of Arachis kypogcea), crys- 
tallizes in needles. It results when stearolic acid is fused with KOH at 200° 
(Ber. 27, 3397). 

Oleic acid, ni.p. 14°, b.p. 

223°/10 mni., occurs as glycerol ester {triolein) in nearly all fats, 
especially in the oils, as olive oil, almond oil, cod-liver oil, etc. It is 
obtained in large quantities as a by-product in the manufacture of 
stearic acid (p. 306). Synthesis, see J.C.S. 127, 175. 

In preparing oleic acid, olive or almond oil is saponified with 
potassium hydroxide and the aqueous solution of the potassium salts 
precipitated with lead acetate. The lead salts which separate are 
dried and extracted with ether, when lead oleate dissolves, leaving 
as insoluble the lead salts of all other fatty acids. The ethereal solu- 
tion is mixed with hydrochloric acid, the lead chloride is filtered oif, 
and the liquid is concentrated. The acid obtained in this way may 
be fractionated by distillation under greatly diminished pressure. 

Oleic acid in a pure condition is odourless, and does not redden 
litmus. On exposure to the air it oxidizes, becomes yellow, and 
acquires a rancid odour. Nitric acid oxidizes it witli formation of 
all the lower fatty acids from caprio to acetic, and at the same time 
dibasic acids, like sebacic acid, are produced. A permanganate solu- 
tion (J.S.C.I. 44, 43t) oxidizes it with the formation of pelargonic 
acid (p, 306) and azelaic acid (p. 562) : by oxidation, two stereoiso- 
merio dihydroxystearic acids, m.pp. 95° and 136° are formed (J.C.S. 
1926, 1828. Stereochemical relationships of these two acids, see 
Annual Reports, 1926, 23, 99 : 1927, 24, 86 : 1928, 25, 83). When 
oleic acid is heated with potassium hydroxide at 220°, a migration 
of the double bond to the ajS- position, followed by loss of two carbon 
atoms and the formation of palmitic acid takes place (C. 1915, I. 
934). Attempts to assign space-formulas to oleic and elaidic acids, 
see Eec. Trav. Chim. 45, 914. 

It unites with bromine to form liquid dibromostearic acid, 
CiflH34Br202, which is converted by alcoholic KOH into monobroym- 
oleic acid, Ci9H33Br02, and then into stearolic acid (p. 352). Reduc- 
tion by hydrogen and finely-divided nickel (C. 1903, I. 1199), or by 
electrolytic methods (C. 1905, II. 305) converts oleic acid into stearic 
acid. 

Oleic anhydride, ra.p. 22° (Ber. 57, 99) ; cJUoride, b.p, 213713 mra. (Ber. 33, 
3584). 

Elaidic acid, m.p. 51°, b.p. 225°/10 mm., 

results from the action of nitrous acid on oleic acid. It is also obtained 
when oleic acid is heated with water and sulphur at 180° (Ber. 62, 
2712). Oxidation with alkaline permanganate produces a dihydroxy- 
stearic acid, m.p. 99° (C. 1899, I. 1068). 

Bromide, m.p. 27°, Chloride, b.p. 216°/13 imn. Anhydride, m.p. 50°. 
mtfUc, b.p. 214°/16 mm. (Ber. 33, 3582). Amide, m,p. 90° (C. 1899, I. 1070). 

Oleic and elaidic acids, when reduced with hydriodic acid or with 
hydrogen in the presence of finely-divided nickel, both yield stearic 
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acid, this showing the presence of a straight chain of 18 carbon 
atoms in each. The position of the double bond in the two acids 
is the same as is shown by the formation of the same oxidation prod- 
ucts, pelargonic and azelaic acids, when the two former acids are 
treated with ozone or permanganate (Ann. 343, 354 : C. 1898, II. 
629). Oleic and elaidic acids are therefore to be regarded as stereo- 
isomers, bearing the same relationship to each other as crotonic to 
tsocrotonic acid. 


iso-Oleic acid, Ci 8 H 3402 , ni.p. 44-45°, is obtained from the Hl-addition prod- 
uct of oleic acid — ^iodostearie acid — ^by treatment with alcoholic potassium 
hydroxide ; or from hydroxystearic acid, formed from oleic acid by the action 
of concentrated sulphuric acid, by distillation under reduced pressure (Ber. 21, 
R. 398 : 21, 1878 : 27, R. 576). By the breakdown of the addition prod- 
uct with concentrated hydrochloric acid, caprylic and sebacie acids are formed, 
pointing to the constitution GHJCHglgCH : CH[CH 2 ] 8 COOH for fsooleic acid 
(J. pr, Chem. [2], 86, 539 : c/. Bull. Soc. Chim. [4] 39, 230). 

d® -Oleic acid, GHa[CH 2 ]i 4 CH*.CHCOOH, m.p. 59° is prepared from a-iodo- 
stearic acid and alcoholic potassium hydroxide. Potassium permanganate pro- 
duces CLB-dihydroocystearic acid, m.p. 126°, and subsequently palmitic acid (C. 
1906, I. 819), 

Petroselinic acid, CH 3 [CH 2 ]ioCH : CH[CH 2 ] 5 COOH, m.p. 34°, occurs as 
glyceride in the seed of Sheep’s Parsley {Petroselinum sativum) and gives on 
oxidation laurie and adipic acids (Ber. 42, 1638 : J.S.C.I. 46, 174 : Ree. Trav. 
Chim. 46, 492). 

Rapic acid, occurs as glyceride in rape oil (Ber. 29, R. 673). 

Erucic and brassidic acids. 


H-C-CuHaaCOOH 


H-C'CuHjaCOOH ' 


H-C-CaHi, 
Erucic acid. 


C8H„-C-H 

Brassidic acid. 


(Space formulae, see Gazzetta, 45, II, 208 : Rec. Trav. Ghim. 45, 914.) 

Erucic acid, m.p. 33-34°, b.p. 254*5°/10 mm., occurs as its glyceride in rape- 
s' oil {Brassica campestris), in the fatty oil of mustard seed, and in grape-seed 
oil. By oxidation, erucic acid yields nonylie acid and brassylic acid (Ber 24 
4120 : 25, 961, 2667 : 26, 639, 838, 1867: R. 795, 811). 

On catalytic reduction in presence of nickel, it yields behenio acid (Monatsh. 
34, 1126). Anhydride, m.p. 47-50° (C. 1899, I. 1070). 

Brassidic acid, m.p. 66°, b.p. 256°/10 mm., is prepared from erucic acid by the 
action of nitrous acid (Ber. 19, 3320) and bears the same relation to it as elaidic 
does to oleic acid. Its anhydride, m.p. 64°, is obtained from erucic anhydride 
and nitrous acid. 

iaoErucic acid, m.p. 55-57°, appears to be an inseparable mixture of A^- 
and di^-docosenecarboxylic acids (J.C.S. 1927, 371). 

C^toleic acid, CH 3 [CH 2 ] 8 CH : CH[CH 2 ]flCOOH, is an isomer of erucic acid 
which occurs in many marine animal oils (Toyama, J.S.C.I. Japan. 30, 597 • 
Brit. Chem, Abst. 1928, A, 154). f ^ • 


UNSATURATED ACIDS, CaH2n-3C02H 
The acids of this series contain either a trebly linked pair of car- 
bon atoms, or two doubly linked pairs of carbon atoms, and are, 
therefore, distinguished as acetylene monocarboxylic acids (propiolic 
acid series) and diolefine monocarboxylic acids. 

C. ACETYLENE CARBOXYLIC ACIDS 

Methods of FormMion, — (la) By the action of alcoholic potassium 
hydroxide on the brom-addition products of the oleic acids, and (b) 
the monohalogen substitution products of the oleic acids. This is 
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similar to the formation of the acetylenes from the dihaiogen sub- 
stitution products of the paraffins and the monohalogen substitution 
products of the olefines. 

(2) From the sodium derivatives of the mono-alkylacetylenes by 
the action of COg : 

CHg-C^CNa + CO2 = CHsCsC-COsNa. 

The acetylene magnesium halides (pp. Ill, 112) can be used instead 
of the sodium derivatives (C. 1909, II. 182). 

(3) Their nitriles are obtained from acetylene magnesium halides 
and cyanogen chloride (Bull. Soe. Chim. [4] 17, 228). 

The acetylenic acids, like the acetylenes, are capable of combining 
with 2 or 4 monovalent atoms. 


The addition of the constituents of water at the treble bond converts these 
substances into keto-acids. Like the j8-keto-acids (q,v,} the aj8-acetylene car- 
boxylic acids (alkylpropiolic acids) lose CO^ on heating and become converted into 
acetylenes. Boiling with aqueous alkalis produces intermediate )3-keto-aeids, 
which break up into ketones and alkali carbonates (comp. C. 1903, II. 487, 
etc.). 

Ammonia converts alkyl propiolic esters into amides, which give up water 
to phosphoric anhydride, forming nitriles. Primary and secondary amines 
when added on to the molecule form ^-amino-acrylic acids ; hydrazines form 
pyrazolones, diazoacetic ester forms pyrazolecarboxylic esters and azoimide 
osotriazolecarboxylic esters (see Vol. II). 

A solution of sodium alcoholate or alcoholic potassium hydroxide, acting on 
esters or nitriles, produce derivatives of B-alkoxyacrylic acids or acetalcarboxylic 
acid, RCiOC^Hs) : CHCOOH and RC(OC2H3)2-CH2COOH (C. 1904, I. 659, 
1906, I. 651, 912, 1095 : 1907, I. 25, 738). 

Propiolic acid, Propargylic acid [Propyne-acid], CH ; C-CO^H, m.p. 9®, b.p. 
52°/18 mm. The potassium salt, C3HO2K H^O, is produced from the primary 
potassium salt of acetylene dicarboxylic acid, when its aqueous solution is heated ; 
by loss of CO2 : 


CCOgH CH 
C-COjK ~ H-COjK 


. + CO*. 


It is more conveniently prepared by the action of carbon dioxide on sodium 
acetylide (Ber. 69, 1681 : D.R.P. 411, 107). 

The aqueous solution of the salt is precipitated by ammoniacal silver and 
cuprous chloride solutions, with formation of explosive metallic derivatives. By 
prolonged boiling with water the potassium salt is decomposed into acetylene 
and potassium carbonate. 

Free propiolic acid, liberated from the potassium salt, is a liquid with an 
odour resembling that of glacial acetic acid. It dissolves readily in water, 
alcohol, and ether, and reduces silver and platinum salts. Exposed to sunlight 
out of contact with the air it polymerizes to trimesic acid : 

SCaH-COaH = 

Sodium amalgam converts it into propionic acid. It forms j3-halogenac^Iic 
acids with the halogen acids (p. 342) (Ber. 19, 543), and with the halogens yields 
ajS*diha*logen -acrylic acids. 

Ethyl ester, b.p. 119°. With ammoniacal cuprous chloride it unites to a 
stable yellow -coloured compound. Zinc and sulphuric acid reduce it to ethyl 
propargyl ether (p. 158) (Ber. 18, 2271). Amide, m.p. 61°, yields on distillation 
with phosphorus pentoxide the nitrile (eyanoacetylene), CH : C«CN, m.p. 5°, b.p. 
42*5° (Compt. rend. 151, 946). 

Halogen Derivatives of Propiolic Acid. — Chloropropiolic acid, CCls 
C-COaH, is produced from dichloroacrylic acid (p. 342), and brornopropiolic 
acid, CsBrHOa, from mucobromic acid. lodopropkdic acid, m.p. 140°, is obtained 
by saponifying its ethyl ester, m.p. 68% which may be prepared from the Cu 
compound of pxopiolic ester by the action of iodine. 
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The three acids decompose readily into carbon dioxide and spontaneously 
inflammable chloroacetylene, CCl«CH, bromoacetylene and iodoacetylene. 
The addition of halogen acids leads to jSj8-dihalogen acrylic acids, whilst the 
halogens give rise to trihalogen acrylic acids. 

Homologous Acetylenic Acids. — Carbon dioxide converts the sodium 
compoimds of the corresponding alkylacetylenes into the homologues of propiolic 
acid (Ber. 12, 853 : J. pr. Chem. [2] 37, 417 : Ber, 33, 3686) : the same result 
is obtained with chlorocarbonic esters (C. 1901, 1. 1148 : 1903, 1. 824 : II. 487) : 

RC“CNa + CICO2C2H5 > RC-CCOoCgHji + NaCl. 


Tetrolic acid, Methylacetylenecar- 
boxylic acid 

. . CHaC-C-CO.H 

M.r. 

76° 

BP. 

203° 

Ethylaeetylenecarboxylic acid . 

CHa-CH.-C-C-COjH 

80® 

— 

n-Propylacetylenecarboxylic acid . 

CHj-CU,CHj-C s:0-COjII 

27“ 

125® 

isoPropylacetylenecarboxylic acid . 

. (CH3)5CH-C=C-COjH 

38® 

(20 rnm.) 
107® 

n-Butylacetylenecarboxylic acid 

. CH 3 -[CHj] 3 C=C'COjH liquid 

(20 mm.) 
136® 

ferf.-Butylaeetylenecarboxj'Hc acid . 

. (CH3),C-C=:C-COi,H 

48° 

(20 mm.) 
110® 

Amylpropiolic acid 

. . CsHiiC-CCOJl 

5° 

(10 mm.) 
149® 

Hexylpropiolic acid 

. . CeHiaCrrC'COaH 

- 10 

(20 mm.) 
° 155® 

Heptylpropiolic acid 

. . CjHisCsC-COjH 0-10“ 

(18 mm.) 
166® 

Nonylpropiolie acid 

. . C^HijCsiC-COaH 

30° 

(20 mm.) 

Tetradecylpropiolic acid .... 

. CHsLCHjJijCaC-COjH 

44° 

— 


Tetrolic acid has been the most thoroughly investigated, and is obtained 
from jS-ehlorocrotonio acid and jS-chioroi^oerotonie acid when these are boiled 
with potassium hydroxide (Ann. 345, 103). At 210® the acid decomposes into 
CO2 and allylene, C3H4 (Ber. 27, B. 751). Potassium permanganate oxidizes 
it to acetic and oxalic acids. It combines with HCl and HBr, forming ^-chloro- 
crotonic acid and jS-broraocrotonic acid (Ber. 22, R. 51 : 21, R. 243). With 
bromine, in sunlight, it yields dibromocrotonic acid, m.p. 120®, whereas in the 
dark the halogen produces the isomer|5 dibromocrotonic acid, m.p. 94® (Ber. 28, 
1877 : 34, 4216). aajS-Trichlorobutyric acid (p. 336), upon the loss of HCl, 
yields two dicfdorocrotonic acids, m.p. 75® and 92° (Ber. 28, 2065). These two 
acids are also produced when chlorine acts on tetrolic acid. 

Tetrolic ethyl ester, b.p. 164®, forms the amide, m.p. 148°, with ammonia, 
together with ^-aminocrotonic ester. An aqueous solution of the amide, when 
heated with mercuric chloride, becomes hydrated, forming acetoacetic amitle : 

CHaCsCCONHa CHsGO-CHaCONHg, 

Phenylhydrazine forms with tetrolic ester, phenylmethylpyrazolone ; diazoacetic 
ester produces a pyrazole derivative (Ann. 345, 100). 

Several higher homologues of propiolic acid have been prepared by the action 
of alcoholic potassium hydroxide on the brom-addition products of the higher 
olefine monocarboxylic acids. 

Undecolic acid, OHsG \ C[CH2]7C02H, m.p. 59°, is obtained from undecenoic 
acid (p. 348). By oxidation, azelaie acid is formed (Ber. 33, 3571). Isomeric 
with it is dehydro-undecylenic acid (p. 348). 

Stearolic acid, CgHj^C • C[CH2]7C02H, m.p. 48® (constitution, see p. 348), 
is obtained from oleic and elaidie acids. 

BeheuoUc acid, C22H40O2, m.p. 57*5° (constitution, see p. 348), from the 
bromides of erueic and brassidic acids (Ber. 24, 4116; 26, G40, 1867). On warm- 
ing the last two acids with fuming nitric acid they yield the monobasic acids : 
stearoxylic, or Bi^dihetostearic oM, CHafCHjlyCO-COfCHal^COgH, m.p. 86®, and 
hehemxylie, or fiv-diJcetobefienic add, CHiCHgl^CO-CO-fCHaliiCOaH, m.p. 90° 
(Ber. 28 , 276). 
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Sulphuric acid converts stearolic acid into ketostearic acid, and behenolic 
acid into ketobrassidic acid (Ber. 26, 1867). (Oxidation, comp. Erucic and Bras- 
sidic acids, p. 350.) 

Taririnic acid, CH 3 [CHo]ioC • C[CH 2 ] 4 COOH, m.p. 50*5®, occurs as glyceride 
as a principal ingredient in the fat of Picramnia spp. or Tariri (Ber. 27, R. 20 : 
C. 1902, I. 1155). 


D. 0IOLEFINE CARBOXYLIC ACIDS 

Zl«7-Diolefinecarboxylic acids are obtained by the two following 
general methods : 

(1) By the condensation of ajS-olefine aldehydes with malonic acid, 
by means of pyridine (Ber. 35, 1143). 

OfiHfiN 

CHg : OH-CHO + CH2(COOH)2 ^ CHa : CH CH : CHCOOH + H^O -f COj,, 

(2) By the condensation of olefinealdehydes or ketones by means 
of halogen fatty acid esters and zinc, and subsequently splitting off 
water from the j8-hydroxyolefine carboxylic esters thus formed, by 
heating with alkalis (Ber. 35, 3633 : 36, 15 : C. 1903, II. 555) : 

CHgCH : CH-CHO + ErZnCHaCO^R CHgCH j CH-CH(OH)CHsCOOR 

CH3CH : CH-CH : CH-COOH. 

The lower members of this series polymerize in the warm very 
easily. Wlxen the acids are heated with barium hydroxide, there are 
formed, not the butadienes corresponding to the acids, but cyclic di- 
and trimolecular polymers, whose constitution is not quite clear (Ber, 
35, 2119 : 49 , 146). 

Butadienecarboxylic acid, CHg : CH-CH : CHCOgH, m.p. 102°, is formed, 
together with ethylidene propionic acid (p. 346), by the reduction of perchloro- 
hutadimecarhoxylic acid, CCb : CChCCl : CC1«002H, m.p. 97°, and perchlorohutine^ 
carboxylic acid, CCh'O : C'CCla’COgH, m.p. 127°. These are products of decom- 
position resulting from the two hexachlorocycZopentenones (Vol. 11) on treatment 
with alkali (Ber. 28, 1644). 

j3-Vinylacrylic acid, CHg : CH*CH : CHCOOH, m.p. 80°, is produced by 
condensing malonic ewjid and acrolein in the presence of pyridine, and boiling 
the resulting product with water. Reduction by sodium amalgam brings about 
addition at the ocS-carbon atoms (p. 28), forming ^y-pentenoic acid (p. 346). 
Oxidation with permanganate converts it into racemic acid (Ber. 35, 1136), 
The methyl ester forms the product methyl .d^-pentene-aae-tricarboxylate with 
methyl sodiomalonate, addition of the malonic ester also taking place solely 
in the cc8-position (J.A.C.S. 48, 1036 : J.C.S. 1927, 1060). 

Butadienecarboxylic acid (m.p. 102°) and vinylaorylic acid (m.p, 80°) are 
probably cis-tra^is-isoixievs. 

Sorbic acid, CH3OH : GH;CH : CH-COOH, m.p. 134-5°, b.p. 228°, is ob- 
tained, together with malic acid, from the oil in the unripe juice of the berries 
of mountain ash {Sorbus aucuparia) (1859, A. IF, Hofmajin, Ann. 110, 129). 
It exists there in the form of a lactone, the so-called parasorbic acid which 
is boiled with sodium hydroxide or hydrochloric acid (Ber. 27, 351). Synthetic- 
ally, it is prepared from crotonaldehyde or aldol and malonic acid with pyridine 
(Ber. 33, 2140 ; Ann. 361, 89), also from j8-hydroxy-yS-hexenoio acid, by boiling 
it with a 20% barium hydroxide solution (Ber. 35, 3636). ^ Oxidation by KMnO^ 
produces acetaldehyde and racemic acid (q'.v.), a reaction, which reveals the 
structure of sorbic acid (Ber. 23, 2377 : 24, 85) : 

CH3CH : CH CH : CH-COOH + HjO + 40 =: CH5CHO + COOH(CHOH)2COOH. 

Sorbic acid. Jtacemic acid. 

Sodium amalgam converts it into hydrosorbie acid (p. 347). 

Addition of malonic ester to sorbic ester also takes place in the aS-position, 
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methyl jS-methyl-^^-pentene-aac-tricajfboxylate being formed (J.A.C.S. 48, 
1036: J.C.S. 1927, 1060). 

Heated with ammonia, sorbic acid yields a diaminocaproic acid ; hydroxyl* 
amine brings about a peculiar reaction resulting in acetylacetone dioxime (p. 408) 
(Ber. 37, 3316). Sorbic ethyl ester ^ b.p. 95°. 

a-Methylsorbic acid, m.p. 91°, a-ethylsorbic acid, b.p. 76°, and ^S-di- 
methylsorbic acid, m.p. 93°, are obtained by method 2 (above). 

yc-Dimethylsorbic acid, b.p. 165°/20 mm., is prepared according to method 
1 (p. 353) from a-methyl-j3-ethyl acrolein and malonic acid. 

Diallylacetic acid, (CHa : CH-CHalgCH-COaH, b.p. 227°, is obtained from 
ethyl diallylacetoacetate or diallylmalonic acid. Nitric acid oxidizes it to 
tricarballylic acid, (C02H*CH2)20HC02H. 

Geranic acid, MegC : CHECHaJa-CMe : CH-COOH, b.p. 153°/11 mm., really 
belongs to this series, but on account of its importance in terpene chemistry, 
will be discussed with the terpenes in Vol. II. 

Linoleic acid, LinoUc acid, CigHggOg, CH3[CH2]2CH : CHECHglg'CH 
CHECHsItCOOH (?), m.p. - 9°, b.p. 228°/U mm. (Ber. 58, 1068), occurs as 
glyceride in the drying oiZa, which oxidize in the air, becoming covered with 
a skin and finally solidifying. This oxidation is markedly accelerated by the 
presence of various compounds such as manganese salts, used as driers in the 
paint and varnish industry. Examples of drying oils are linseed oU, hemp oil, 
poppy oil and nut oil. The non-drying oils such as rape oil contain oleic glycerides. 

Linoleic acid forms a telrahromidet m.p. 115°, and by gentle oxidation with 
permanganate, a tetrahydroxystearie acid, sativic acid, m.p. 172° (C. 1909, II. 
1984). 

Ricinoleic acid can be conveniently treated here, although it is really an 
unsaturated hydroxy-acid. Ricinoleic acid, C18HS4O3 = CH3ECH2]6*CHOH‘CH2- 
CH : CH(CH2)7C02H, [a]i> = + 6*67° (Ber. 27, 3471 : Rec. Trav. Chim. 38, 375) 
is present in castor oil in the form of a glyceride, Ea]® “ + 3°. The lead salt 
is soluble in ether. Subjected to dry distillation, ricinoleic acid splits into 
oenanthol, C7H14O, and undecylenic acid, CiiH2o02. 

Fused with potassium hydroxide, it changes to sebacic acid, C8Hie(C02H)g, 
and j?ec.-oetyl alcohol, CgHisCHOH'CHa. It combines with bromine to form 
a solid dibromide. When heated with HI (iodine and phosphorus), it is trans- 
formed into iodo-oleic acid, CigHaalOg, which yields stearic acid when heated with 
zinc and hydrochloric acid (Ber. 29, 806). 

The point of double union between the carbon atoms in ricinoleic acid is 
ascertained as in the case of oleic acid : (1) by conversion into ricinostearolic 
acid, m.p. 53°, (2) and this into ketohydroicystearic acid, m.p. 84°, (3) finally, by 
the brea^g down of the oxime of the latter acid (Ber. 27, 3121 : C. 1900, II. 37). 

Nitrous acid converts ricinoleic etcid into isomeric ricinelaidic acid, m.p. 
53° C. (see Ber. 21, 2735 : 27, R. 629). 

The formula for ricinoleic acid deriv^ from the above results is confirmed 
by ozone oxidation, which yields j8-hydrox3monoic acid and azelaic acid (Oompt. 
rend. 150, 496). With strong sulphuric acid, the sulphuric ester C,7H32(0S08H)- 
COOH is formed (c/. C. 1909, II. 1422). 

It is remarkable that catalytic hydrogenation of ricinoleic acid leads to the 
formation of an optically inactive, non-resolvable hydroxysteario acid, although 
the a^mmetric carbon atom shoidd not be affected in this reduction (Walden, 
Z. angew, Chem. 38, 811). 

Alkyl esters of ricinoleic acid and their acyl derivatives, see Ber. 36, 781. 

E, TRIOLEFINECARBOXYLIC ACIDS, CnHjn-eOg 

Elaeosteaiic acid, CisHanOg = : CH^CH : CH-CH : CH- 

[CKjI^COOH, m.p. 48°, b.p. 235°/12 mm. (Rec. Trav. Chim. 44, 241 : 46, 619), 
has been isolated from Japanese wood oil. It can be hydrogenated to stearic 
acid (Ber. 45, 2730) and was long regarded as a stereoisomer of linoleic acid. 
It forms, however, a tetrabromide, m.p. 114?, when treated with bromine in 
chloroform at ^15°, which is still unsaturat^ (Constitution, see Rec. Trav. 
Oiim. 46, 619). 

IJnolenic acid, = CHa-CHg-CH ; CH-CHs-CH : CH-CHa'CH 

CMICHJafXlOH, b.p. 157°/()'0i mm., occurs together; with linoleic acid in Hnseed 
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oil and can be separated from this by means of the different solubilities of the 
zinc salts in alcohol. It forms a hemhromide, m.p. 179®. It forms stearic acid 
on reduction, and propionaldehyde, malonaldehydio acid and azelainaldehydic 
acid by decomposition of its ozonide, whereby the above formula is derived 
(Ber. 42, 1327 s Z. physiol. Chem. 74, 179). 

F. UNSATURATED ACIDS, CnHan-eOa 

Clupanodonic acid, CijHjsOs, occurs as glyceride in fish oUs, particulaity 
in Jap^ese sardine oil. It is an oil with a fish-like odour, and ^ responsible 
for the unpleasant odour of fish oils. Reduction yields stearic acid. It fonns 
an octaJbromide (C. 1914, I. 1882). 



IV. DIHYDRIC ALCOHOLS OR GLYCOLS AND 
THEIR OXIDATION PRODUCTS 

The glycols are compounds which contain in the molecule two 
hydi’oxyl groups, and resemble in many ways the monohydric alcohols 
which have already been discussed. Like them they yield oxidation 
products, and both hydroxyl groups may be oxidized to the same 
degree, yielding dialdehydes, diketones and dicarboxylic acids, or 
oxidation may affect one hydroxyl group more than the other, such 
compounds as hydroxyaldehydes, keto-acids, etc., being produced. 
The number of possible types of oxidation product is, of course, much 
greater than in the case of the monohydric alcohols, and the deriva- 
tives will be discussed in the following order : 

1. Glycols, Dihydric Alcohols. 

2. Hydroxyaldehydes, Aldehyde Alcohols. 

3. Hydroxyketones, Ketone Alcohols. 

4. Dialdehydes, 

5. Aldehyde Ketones. 

6. Diketones. 

7. Hydroxyacids, Alcohol Monocarboxylic Acids. 

8. Aldehyde Monocarboxylic Acids. 

9. Keto-monocarboxylic Acids. 

10. Dicarboxylic Acids. 

From the very nature of the conditions there are no compounds 
in any of these series which contain but one carbon atom in the 
molecule. However, carbonic acid with its exceedingly numerous 
derivatives will be introduced before the dicarboxyhc acids — ^the 
carbonic acid group. 

Carbonic acid is the simplest dibasic acid ; it is similar, in many 
respects, to the dicarboxylic acids and a special type for such acids, 
which, like it, only occur in an anhydride form. 

1. DIHYDRIC ALCOHOLS OR GLYCOLS 
A. PARAFFIN GLYCOLS 

WuTtz (1856) discovered glycol, and thus succeeded in filling the 
gap between the monohydric alcohols and the triacid alcohol, glycerol. 
He chose the name glycol to indicate the relation of the new body to 
alcohol on the one hand and glycerol on the other. Glycols are dis- 
tinguished as (X-, ]?-, y-, d-, etc., according as the hydroxyls are attached 
to adjacent carbon atoms (1 : 2), or in 1 : 3-, 1 : 4-, and 1 : 5- positions 
respectively. There are also diprimary, primary-secondary, etc., 
glycols (consult p. 128). The Geneva names are obtained for the 
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glycols by attaching the final syllable “ diol '' to the name of the 
parent hydrocarbon. 

Glycols differ from the monohydric alcohols just as the hydroxides 
of bivalent metals differ from those of univalent metals, or as a dibasic 
acid from a monobasic acid. As a rule, the reactions leading from the 
monohydric alcohols and glycols to their corresponding derivatives 
are very similar. In the case of the glycols, a series of mono -sub- 
stitution products can be obtained, which still show the characters 
of a monohydric alcohol. Ethylene glycol, for example, is capable 
of forming a mono- and dialkali glycolate, mono- and dialkyl ethers, 
mono- and di- esters, : 


CHa-OH 

CHa-ONa 

GHj-O-CaHs 

CHj-O-COCHs 

j 

CHj-OH 

Glycol. 

j 

CHa-OH 

Monosodmm 

glycolate. 

CHa-OH 

Glycol mono-ethyl 
ether. 

j 

CHa-OH 

Glycol monacctalo. 


CHa-ONa 

CH2OC2H5 

CHa-O-COCHa 


j 

CHa-ONa 

Disodimn 

glycolate. 

j 

CHa-O-CaHs 
Glycol diethyl 
ether. 

1 

GHaOCOCHa 
Glycol diacetate. 


All the mono compounds also exhibit the character of monohydric 
alcohols ; they and the di- compounds, which have been mentioned, 
can be obtained from the glycols by the same methods as the corre- 
sponding products of the monohydric alcohols. 

The sulphur- and nitrogen-containing derivatives of the glycols 
con'espond with like derivatives of the monohydric alcohols : 


CHa-SH 

1 

CHa-OH 

Monothio-glycol. 


CHa-SH 

CHa-SH 

Dithio-glycol. 


CHa-NHa 

I 

Hydroxyethylamine. 


CHa*NHa 


CHa-NHa 
Ethylene dianiinc. 


The aldehydes have been repeatedly spoken of as the anhydrides 
of dihydric alcohols, in which the two hydroxyl groups are joined to 
the same carbon atom, and which can only exist under, special con- 
ditions. Yet, the ethers (or acetals), esters and other derivatives of 
these hypothetical compounds are stable. These bodies are naturally 
isomeric with the corresponding derivatives of the dihydric alcohols, 
in which the hydroxyl groups are attached to different carbon atoms. 
The following, for example, are isomeric : 

Acetal and ^ 

* ‘ • CHj-OCjH, 

CHa'CH<^Q.0QQg® Ethylidene diaoetate and ^ ^ Glycol diaoetate 

® CHj-O-COCHs 

CHs-CHcCot Aldehyde ammonia and CHgOH ^y^jj,Q^Qthylamin©, 

* CH2NH2 

The cyclic derivatives of the glycols are extremely characteristic. 

Thus, glycol yields two cyclic ethers ; 


CH2\ 

1 >0 Ethylene 

CH,/ 


oxide. 


CHa-O-OHg 

I j Diethylen© oxide. 
CHj-O-CH, 
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and also sulphur- and nitrogen-compounds corresponding with diethyl- 
ene oxide : 

CHj-, CH,-NH-CH, CHj-S-CHj CHj-NH-CH, 

1 \nh 11 II II 

CHj/ CH,-NH-OHs CHs-SCH, CHj-O-CHs, 

Ethylene imine. Diethylene imine. Diethylene disulphide. Diethyl'ene imine oxide. 

Methods of Forrmtim . — ^The first three methods are concerned with 
the olefines, and lead, according to the constitution of the latter, to 
glycols of every description. 

(1) The halogen addition products of the olefines — ^the alkylene 
halides — ^may be regarded as the halogen acid esters of the glycols. 
When these are acted on by alkalis, with the purpose of exchanging 
hydroxyl for their halogen, hy loss of halogen acid, they pass first into 
monohalogen olefines and then into acetylenes. Wurtz observed that 
it was only necessary to treat the alkylene halides with acetates in 
order to reach the acetic esters of the glycols, and then, by saponifi- 
cation with alkalis, to obtain the glycols. 

The alkylene halides are heated (p. 370) with silver acetate and 
glacial acetic acid, or with potassium acetate in alcoholic solution : 

CHal^ CHaCOOAg CH^OCOCHg 
. T" s= . 2AgI, 

CH^I CHsCOOAg CHaOCOCHa 

EUiylene diacetate. 

Inasmuch as the olefines are prepared from monohydric alcohols 
by withdrawal of water, and are transformed by the addition of 
halogens into alkylene halides, the preceding reaction may be regarded 
as a method of converting monohydric alcohols into dihydric alcohols 
or glycols. 

The resulting acetic esters are purified by distillation, and then 
saponified by KOH or barium hydroxide solution (C. 1899, I. 968) : 

CH2OCOCH3 KOH CHgOH 

I + « I + 2CH3COOK. 

. CHaOCOCHa KOH CHaOH 

A more useful method than hydrolysis with aqueous alkali is that 
of hydrolysis with methyl alcoholic hydrochloric acid, which takes 
place in a homogeneous system and from which the resulting products 
can easily be separated : 

•OH 


A direct eonveraion of alkylene halides into glycols may be attained 
by heating them with water (Ann. 186, 293), with water and lead 
oxide, or sodium and potassium carbonates. 

^ (2) Another procedure consists in shaking the alkylenes, CnH^n, 
with aqueous hypochlorous acid, and afterwards decomposing the 
chlorhydrins formed with moist silver oxide : 

OH* ^ OH CHjOH AgOH CH 2 OS 

CH* Cl CH,C1 ^ CHgOH 


CHa-iO^ " Me 

inj-foAij’ 
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(3) By the oxidation of the. olefines {a) in alkaline solution (p. 103) 
(Wagner, Ber. 21, 1230) with potassium permanganate, or (b) with 
hydrogen peroxide. Thus, ethylene yields ethylene glycol ; isobutyl- 
ene, isobutylene glycol^ (CH 3 ) 2 ‘C(OH)‘CH 2 -OH : 




CHa-OH 

1 

CHa-OH 


The preparation of ajS-glycols from olefines can be carried out 
smoothly by the use of perbenzoic acid in an indifferent solvent. 
The first-formed ethylene oxide is hydrolysed by water to the glycol 
(Prileschajew, Ber. 42, 4811 : 43, 959) : 


>C=C< 


o 

/\ 

> c C<C 


OH OH 



(4) By the action of nitrous acid on diamines (p. 382). As these 
can be obtained from the corresponding nitriles of dibasic acids, and 
the nitriles themselves from alkylene halides, these reactions not only 
ally the classes of derivatives mentioned, but they afford a means of 
building up the glycols : 


CHaBr CHgCN CH2CH2NH2 CHaCHgOH 

CHa CHg > CHa CHa 

CHgBr CHaCN CHaCHaNHa CHaCHaOH 

Trimethylcne Trimethyleno Pentamethyleno I^entamethylcne 

bromide. cyanide. diamine. glycol. 


Besides the normal glycols, isomeric glycols are sometimes obtained, 
as well as olefine alcohols and diolefines (Ber. 40, 2589). 

(5) By the catalytic reduction of acetylenic and diacetylenic 
glycols (p. 366) with hydrogen and finely-divided platinum (Compt. 
rend. 150, 1761 : 156, 1623). 

(6) By reduction of (a) aldehydes or keto-ahohols, dialdehydes or 
diketones. 

By this means the a-keto-alcohols butyroin and caproin (p. 394) 
yield the stereoisomeric forms of de-octane-diol and ?? 7 -dodecane-diol ; 
aldol (p. 390)^ gives ay-butylene glycol ; acetobutyl alcohol (p. 395) 
gives ae-hexane-diol, and acetonylacetone (p. 404) yields ^e-hexane- 
diol. 

Akin to these reactions is the formation of glycol by the conden- 
sation of 'i6*obutyraldehyde, alone or when mixed with other aldehydes, 
by means of alcoholic potassium hydroxide. An aldol (p. 390) is 
first formed, of which the aldehydic group is acted on by excess of 
aldehyde producing a monobutyrin of the ay-glycol (comp. p. 230), 
which in turn is decomposed by hydrolysis into the glycol and iso- 
butyric acid (Monatsh. 17, 68 : 19, 16) : 


3(CH3)2CH*CH0 




> (CH3).,CH-CH{0H)CH(CH3)2 


1 1 
(CH3)2C-CH20-C0 

(CHalgCH-CHOH CHfCHa)^ 
1 + 1 
(CH3)*C-CHjOH cooh. 
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By the reduction of (b) dicarboxylic esters or amides by sodium 
and alcohol (C. 1905, II. 1701). 


(CHj)sC-COjR 

I — 

0112*0021^ 

succinic eatei. 
CHs-CHa-CHa-CONHg 
( 

CHg-CHa-CHg-CONHa 
Suberic amide. 


(CH3)2C-CH20H 

CHaCHgOH 

a-Dimethyltetramethyleue 

glycol. 

CH2-CH2‘CH2CH20H 

■> I 

CHg-CHa-CHgCHaOH, 
Octomethylene clycol. 


Lactones, the cyclic esters of y-, <5-, or e-hydroxy-carboxylic esters, 
are also reduced to glycols by sodium and alcohol (Ber. 39, 2851) ; 
similarly, /?-ethoxyl propionic ester yields the ethyl ether of tri- 
methylene glycol (C. 1905, I. 25). 


Nucleus Synthetic Methods 

(7) Aldehyde alcohols, diketones, keto-carboxylic esters, dicar- 
boxjdic esters, all react with alkyl magnesium halides (p. 219) forming 
gl^xols, accompanied by the entry of an alkyl group (Ber. 35, 2138 : 
42, 2500 : Monatsh. 28, 997 : Ann. 396, 250 : C. 1904, I. 578 : 
1906, 11. 1639 : 1907, I. 627) : 

CH3CH(0H) cH,MgI CHs*CH(OH) 

1 ^ 1 

CHaCHO CH2CH(0H)CH3 

Aldol. Dimethyltrimethylcne glycol. 

CHjCOOCjHs 4CH,MgI CHsC(CH,)aOH 
I > I 

CHjCOOCjHs CHjC(CH3)20H 

Succinic ester. Tetraraethyltetramethylene glycol. 

By the same reagent alkoxy-ketones and alkoxy-carboxylic esters 
are converted into monoalkyl ethers of the glycols (C. 1904, I. 504). 
Similarly, lactones yield primary-tertiary glycols (C. 1907, I. 708). 

Monoalkyl derivatives of the glycols are also obtained by the 
action of chloromethyl alkyl ethers on ketones in the presence of 
magnesium or other metals (C. 1907, I. 681). 

(8) The action of metals, such as sodium or magnesium, on many 
halogen-hydrin compounds of the ethers, either alone or mixed with 
halogen methyl alkyl ethers (p. 243), is to build up the ethers of the 
higher glycols from lower members (C. 1903, I. 455 : 1904, I. 1401) : 

Xa 

2CsH30-CH2CH2CH2l ^ ^ H0[CH2]30H 

y-Phenoxypropyl iodide. Hexaniethylena glycol. 

Mg 

CsHi^OCCHglgBr-f BrCH^OC.Hii > ^HO[CH2hOH 

AmyioxjTropyl Tctramethylene 

bromide. glycol. 

The dimethyl ethers of diprimary glycols are obtained by the 

action of chloromethyl ether on the dimagnesium compounds of the 
liigher alkylene dihalides (Bull. Soc. Chim. [4] 7, 327 : Ber. 45, 1973). 

(9) The ditertiary glycols or pinacols are obtained, along with 
secondary alcohols, by the reduction of ketones. The simplest pina- 
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cone, tetramethylethylene glycol, is thus obtained from acetone 
(Friedel) ; 

< 2(CH3)2CH0H 
(CH3)3C*0H 
{CH3)3C-0H 

The formation of pinacones takes place particularly readily when 
ketones are warmed with magnesium- or aluminium-amalgam in 
absence of water. The corresponding metallic derivative of the 
pinacone is thus formed and can be decomposed with liberation of 
the pinacone, either by water or by dilute acids (Bull. Soc. Chim. [4] 
7, 459 : D.R.P. 241896, C. 1912, I. 176 : D.R.P. 251330/1, C. 1912, 
II. 1318). 

Di-secondary glycols are formed in small quantity by the action 
of magnesium amalgam on aldehydes, and by the electrolytic reduc- 
tion of aldehydes in acid solution (Atti. R. Accad. Lincei. [5] 22, 
II. 681 : D.R.P. 277392, C. 1914, II. 674) : 

2CH3CHO ^ CH3*CH(0H)*CH(0H) CH3 

(10) The diakyl ethers of some glycols are obtained by the elec- 
trolysis of the alkoxycarboxylic acids, similarly to the formation of 
ethane from potassium acetate (see p. 94 : C. 1905, I. 1698). 

(11) The formation of glycols by the condensation of ketones and 
alcohols under the influence of light, and of their ethers from alkyl 
ethers and ketones is noteworthy (Ber. 43, 945 : 44, 1280, 1554) : 

(CH8)aCO -f- CH3OH2OH ^ {CH3)3C{OH)'CH(OH)-CH3. 

Properties , — ^The glycols are neutral, thick liquids, holding, as far 
as their properties are concerned, a place intermediate between the 
monohydric alcohols and trihycbric glycerol. The solubility of a 
compound in water increases according to the accumulation of OH 
groups in it, and becomes correspondingly less soluble in alcohol, 
and especially in ether. There is an appreciable rise in the boiling 
point, whilst the body acquires at the same time a sweet taste. In 
accord with this, the glycols have a sweetish taste, are very easily 
soluble in water, slightly soluble in ether, and boil much higher (about 
100*^) than the corresponding monohydric alcohols. As the number 
and dimensions of the alkyl groups grow, the higher homologucs 
become increasingly soluble in other, and the taste becomes sharper 
and, in some cases, burning. 

The reactions of the glycols with dehydrating agents arc important, 
and the products depend upon the relative positions of the hydroxyl 
groups. 

(i) The 1 : 2 glycols yield aldehydes and ketones : 

(CH 3 }.C( 0 H)-CH 20 H >• (CH 3 )oCH*CHO 

(C,H5)(C3H3)C(OH)-CH(OH)-CeH5 ^ (C3H.)o{C3H3)C-CHO 

(C. 1923, III. 1017) 

CH 3 -CH( 0 H)-CH( 0 H)-CH 3 ^ CHa-CO-CHa-CHa. 

For the behaviour of ditertiary glycols under these conditions, 
see Pinacone, p. 3()3. 

(ii) 1 : 3-glycols form cyclic oxides and also aldehydes and ketones 
(Monatsh. 23, 60) : 
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(iii) 1 : 4- and 1 ; 5-glycols yield cyclic oxides. The higher glycols, 
1 : 6-, 1 : 8-, 1:9-, 1 : 10-, form 1 : 5-oxides, with narrowing of the 
oxide ring, under the influence of concentrated sulphuric acid (Monatsh, 
43, 589) (see p. 368). 

Ethylene glycol, Glycol, [1, 2-Ethanediol], CH20H-CH20H, m.p. 
— 11*5°, b.p. 197*5°, Do = M25, is miscible with water and alcohol. 
Ether dissolves but small quantities of it. 

It may be obtained from ethylene through ethylene bromide, ethyl- 
ene chlorhydrin (general method of formation, p. 358) or by direct 
oxidation ; and also from ethylene oxide by the absorption of water : 

CHa CHa-OH 

. >0 + H ,0 = • 

CHa CH^-OH 

Preparatio 7 i , — A mixture of ethylene bromide, potassium carbonate and water 
is boiled under a reflex condenser, until all the bromide is dissolved (Ann. 192, 240, 
250). Or the ethylene bromide may be converted by heating with anhydrous 
potassium acetate into glycol diacetate, which yields glycol when hydrolysed 
with alkali hydroxide (Ber. 29, R. 287 ; C. 1899, I. 968). 

Glycol can be directly obtained from ethylene bromide by heating it with 
3 raols. of sodium formate in the presence of methyl alcohol in the autoclave 
at 170°. The first-formed glycol diformate is alcoholysed by the methyl alcohol. 

Reactions. — (1) Dehydration. On heating ethylene glycol with zinc 
chloride to 250° water is eliminated and acetaldehyde and croton- 
aldehyde are formed ; at 210° with water, only acetaldehyde results. 

'Vi^en ethylene glycol is distilled with 4% concentrated sulphuric 
acid, not only acetaldehyde and ethylidene ethylene ether (p. 367) are 
formed, but also diethylene oxide. Further treatment of this oxide 
with sulphuric acid or zinc chloride results in the production of acet- 
aldehyde (C. 1907, I. 15) : 

CH^OH CH^— O— CHj CHg 0— CH^ CH^ HOCHe 

2| > 1 1 > i ^ I + I 

CHaOH CHj— O— CHj CH—O—GHj CHO HOCHg ‘ 

(2) Oxidation. Nitric acid oxidizes glycol to glycollic acid and 
glyoxal, glyoxylic acid and oxalic acid. The first oxidation product, 
glycol aldehyde [gi.v.), is further oxidized too rapidly to be identified : 

CHjs-oii COOH CHO COOH OOOH 

I ^ I 1 ^ I 

CHj*OH GH^OH CHO CHO COOH 

Glycol. GlycoIUc acid. Glyoxal Glyoxylic acid. Oxalic acid. 

(3) When glycol is heated with potassium hydroxide to 250°, it 
is oxidized to oxalic acid with evolution of hydrogen. 

.(4) Heated to 160° with concentrated hydrochloric acid, glycol 
chlorhydrin results, which at 200° is converted into ethylene dichloride. 

(5) Ethylene dichloride is also produced when PClg acts on glycol. 

(6) A mixture of nitric and sulphuric acids changes glycol into 
glycol dinitrate. 

(7) Concentrated sulphuric acid and glycol yield glycol sulphate. 

(8) The acid chlorides or acid anhydrides produce mono- and i- 
esters of glycol, 

(9) Metallic sodium dissolves in glycol, forming sodium glycolate, 

and (at 170°) disodium glycolate, C,H*(0Na),. Both 
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are white, crystalline substances, regenerating glycol with water. The 
alkyl halides convert them into the correspon^ng ethers. 

Polyethylene Glycols. — ^Ethylene oxide absorbs water to form glycol. The 
latter and ethylene oxide unite at 100° in varying proportions, thus yielding 
the polyethylene glycols ; 


CHav CHaOH 

1 > 0+1 

CHa/ CHaOH 

CHa\ CHaOH 

2| >0 + i 

CHa/ CHaOH 


/CHaCHaOH 
0<; Diethylene glycol, b.p. 250°. 

\CF 


^CHgCHaOH 
CHa— O— CHaCHaOH 

I 

CHa~0— CHaCHaOH 
etc. 


Triethylene glycol, b.p. 287°. 


The polyglycols are thick liquids, with high boiling points. They behave like 
the glycols. Ether-acids may be obtained from them by oxidation with dilute 
nitric acid ; thus diglycollic acid (q.v.) is formed from diethyleno alcohol. 

There are two series of homologues of ethylene glycol ; the one 
resulting from alkyl substitution, and the other, induing the 1:3-, 
1:4-, 1 : 5-glycols, etc., produced by the insertion of an alkyl group 
between the carbinol groups. 


Homologous 1 : 2-Glycols 

a-Propylene glycol, [Propanediol-l : 2], CH3-CH(OH)-CH2‘OH, b.p. 188°, 
Do = 1‘015, is obtained from propylene bromide or chloride. It is most readily 
prepared by distilling glycerol with sodium hydroxide (Ber. 13, 1805). Platinum 
black oxidizes it to lactic acid. Only acetic acid is formed when chromic acid 
is the oxidizing agent. Concentrated hydriodic acid changes it to isopropyl 
alcohol and its iodide. Heated with water at about 190° it yields propylaldehyde 
and acetone. It contains an asymmetric carbon atom, and when exposed to 
the action of Bacterium termo, becomes optically active (Ber. 14, 843). 

The following glycols can be obtained from their dibromides: 

a-Butylene glycol, EthyUthyUm glycol, CaH6CH(0H)*CH20H, b.p. 192°. 

5y-Butylene glycol, Bym.-DiimthyleihyUm glycol, CH3CH(OH)*CH(OH)’- 
CHs, b.p. 184°. 

»5oButylene glycol, yxmjxn.-Dimethyhthylme glycol, {CH3)2C(OH)*CH2(OH), 
b.p. 177°. 

a-iaoAmylene glycol, isoPropylethylene glycol, (CH3)2CH*CH(0H)*CH30H, 
b.p. 206°. 

jS-isoAmylene glycol, Trimethylethylene glycol, (CH3)aC(OH)*CH(OH}CHg, 
b.p, 177°. 

jS-Amylene glycol, sym.-Methylethylethykne glycol, C^H50H(OH)GH(OH)- 
CHg, b.p. 187°. 

sym.-Dipropylethylene glycol, Be-Octanediol, C3H7CH(OH)-CH(OH)C3H7, 
occurs in two modifications ; a-form, liquid, b.p. 115-120°/I0 mm., jS-form, m.p. 
125°, and is prepared by reduction of but3?Toin (p. 394) by sodium and alcohol. 

sym.-Diamylethylene glycol, l^yDodecanediol, a-form, m.p. 54°, b.p. 155- 
160°/10 mm. ; p-form, m.p. 136°, is produced when capronoin is reduced by 
sodium and alcohol (C. 1906, 11. 1114). 

Pinacone , Pinacol, TetrarmthylethyUm glycol, (GH3 )2*C (OH ) -C (OH )• (CH3 )2 + - 
OHaO, m.p. 42°, anhydrous, m.p. 38°, b.p. 171-172°, is formed, together with 
isopropyl alcohol, from acetone by the action of sodium or magnesium and mer- 
curic chloride (0. 1906, II. 148) or by electrolysis (Ber, 27, 454 : C. 1900, II. 
794) (see method of formation, No. 9, p. 361). Further, by the action of IMgCHg 
on diacetyl or oxalic ester (mode of formation. No. 7a). It crystallizes from its 
aqueous solution in quadratic plates (hence the name, from mVaf, plate), and 
gradually effloresces on exposure. 

In cominon with other pinaeols (p. 360), dilute sulphuric or hydrochloric acids 
cause it to lose water and undergo intramolecular change, forming pimeoHn 
or methyl ieri. -butyl ketone (p. 265), An isomer of this substance, tetramethyl- 
ethylene oxide (p. 368), very reachly absorbs water forming pinacone. 
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Similarly to pinaoone, a whole series of tetraalkylethylene glycols can be 
prepared by reduction of aliphatic ketones, known collectively as pinacones, 
which behave towards dilute sulphuric and hydrochloric acids as pinacone itself 
does. Comp, methyl isopropyl pinacone, C. 1903, II. 23. 

1 : 3-Glycols 

Trimethylene glycol [Propanediol-l, 3], CHaOH-CHgOHaOH, b.p. 216°, 
0.^ = 1»065, is obtained from trimethylene bromide (Ber. 16, 393) ; or by the 
fermentation of glycerol by Schizomycetes, together with ?z-butyl alcohol (Ber. 
20, K. 706). It is isomeric with a-propylene glycol. Moderate oxidizing agents 
produce jS-hydroxypropionic acid (hyckacryUc acid) ; sulphuric acid changes it 
into propionaldehyde and acetone (C, 1904, I. 1401). 

jg-Butylene glycol, ^-Methyltrimethylene glycol [Butanediol-1, 3],CH3CH(OH)- 
CHgOH, b.p. 207°, is obtained by the reduction of aldol (p, 390) ; 60% sul- 
phuric acid converts it into butyraldehyde and methyl ethyl ketone (comp, 
p. 361, and C. 1904, I. 1400). 

y-iso Amylene glycol, (x.oL-Dwiethyltnmethylenc glycol, (CH5)2C(OH)-CH2CHa- 
OH, b.p. 203°, is obtained from the bromide (Ber. 29, R. 92). 

s2/w.-Dimethyltrimethylene glycol, ph-Pentanediol, CH3CH(OH)CH2CH- 
(0H)CH3, b.p. 199°, is prepared by reduction of hydracetylacetone (p. 394) ; and 
by the action of magnesium methyl iodide on aldol (C. 1904, 1. 1327 ,* Ber. 37, 
4730). 

aay-Trimethyltrimethylene glycol, p-MethyUpe^pentanediol, (CH3)2C(OH)- 
CH2CH2CH(0H)CH3, b.p. 194°, is obtained by reduction of diacetone alcohol 
(p. 395). 

ayrn.-Tetramethyltrimethylene glycol, pe-Dimethyl-^e-pentanediol, (0113)2- 
C (OH )*CH2*C (OH) (0113)2, b.p. 98V13 mm., results from the action of CHaMgl 
on diaeetone alcohol (0. 1902, I. 455: Ber. 37, 4731). 

Hexamethyltrimethylene glycol (^yyh^ictramcthylpmiam-ph-diol), 
(OH)*0Me2*CMe2OH, m.p. 76°, b.p. 234°, is formed from dimethylraalonio ester 
and magnesium methyl iodide ; it breaks down on heating with acids into acetone 
and tetramethylethylene (0. 1914, n. 1261). 

A series of higher homologues of the 1 : 3-glycols is obtained from the con- 
densation of fsobutyraldehyde with other aldehydes, or the wobutyl aldols, by 
means of alcoholic potassium hydroxide (method of formation No. 6a, p. 359). 

jS^-Dimethyltrimethylene glycol, Pmtaglycol, (CH3)2C(CH20H)2, m.p. 
129°, b.p. 206°. Heated with H2SO4 it forms -isovaleric aldehyde, isopropyl methyl 
ketone and a cyclic oxide (C. 1900, H. 36). 

ajSjJ-Trimethyltrimethyleue glycol, CH2(OH)C(CHs)2CH(OH)CH8, b.p. 
207°, and aj6^-Dimethylethyltximethyleiie glycol, m.p. 81°, are obtained 
from -ieobutyraldehyde, and acetaldehyde and propionaldehyde, respectively. 
a^jS-Dimethylisopropyltrimethylene glycol, CH2(OH)C(CH3)2CH(OH)G3H7, 
m.p. 51°, b.p. 223°, is prepared from -isobutyl aldehyde alone. This substance 
on oxidation yields first a hydroxy-acid and then diisopropyl ketone. 

sym.-Tetramethyl-i8-.ethyltrimethylene glycol, (CH3)2C(OH)CH(C2H5)C- 
(OH)(CH3)a, b.p. 128°/11 mm., is obtained from cthylacetoacetie ester and 
CHaMgl (mode of formation 7, p. 360) (0. 1902, I. 1197). 

1 ; 4-Glycols 

Tetramethylene glycol, [Butanediol-1 ; 4], HO-CHg-CHg-CHaCHgOH, b.p. 
202-203°, D = 1-011, is prepared from tetramethylenedinitramine and sulphuric 
acid (Ber. 23, R. 606); also, by reduction of succindialdehyde (p. 399), by 
aluminium amalgam. It possesses an xmpleasant odour of leeks (Ber. 35, 1187). 
The diamyl ether results from the electrolysis of the potassium salt of j8-amyloxy- 
propionic acid (C. 1901, I. 613 : 1905, I. 1698). 

a-Methyltetramethylene glycol, {oLB-Pentanediol), CH3-CH(OH)CH2CH2- 
CHgOH, b.p. 123’-126°/16 mm., with partial decomposition into y-pentylene 
oxide and water on heating. It is obtained from acetopropyl alcohol (C. 1903, 
11, 531) and from y-valerolactone by reduction (Ber, 39, 2851). 

p-Methyltetramethylene glycol, CHgOH-CHMe-CHa-CHgOH, b.p. 124°/13 
mm., is obtained by the reduction of pyrotartaric acid with sodium and alcohol 
(Ann. 383, 167). 
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aa-Dimethyltetramethylene glycol, fi-Methyl-p^’pmtanediol, (CH3)2C(OH)- 
CHgCHgCHgOH, b.p. 222°, results from the action of CHsMgl on butyrolactone 
or acetopropyl alcohol (C. 1907, I. 708 : Monatsh. 28, 1006). 

/5/5-Dimethyltetramethyleiie glycol, CH2(0H)C{CH3)2CH2CH20H, b.p. 
123°/10 mm., is produced from wns^/w.-dimethylsuccinic ester by reduction with 
sodium and alcohol (C. 1905, II. 178). 

^e^Hexylene glycol, pe-Hexanediol, CHsCH(OH)CH20H2CH(OH)CH3, b.p. 
217°, is easily obtained by the reduction of aeetonyl acetone by sodium amalgam 
(Ber. 35, 1335). 

jSe-Dimethylhexane-jSe^diol, Me2C(0H)*CH2*CH2*CMe20H, m.p. (anhyd.) 
91°, -j- GHgO, 41°, is obtained from lacvulinic ester or succinic ester and mag- 
nesium methyl iodide (C. 1906, 11. 1639 ; 1909, II. 797). 

1 : 5-Glycols 

Pentamethylene glycol, cte-Pentanedhl, HOCHa-CHg-CHgCHgCHaOH, b.p. 
239°, Djg ~ 0*994, is obtained from pentamethylene diamine (mode of formation 
4, p, 359) (Ber. 40, 2559). The diamyl ether is prepared from 8-amyloxybutyl 
bromide, magnesium and bromomethyl amyl ether (mode of formation 8, p. 360) 
(C. 1904, II. 587). 

ac-Hexanediol, GH3CH(0H)[GHJ8GH20H, b.p. 235°/710 mm., is produced 
from acetobutyl alcohol (p. 395). 

1:6-, 1:7-, 1 : 8-Glycols, etc. 

The melting points of these polymethylene glycols appear to follow the same 
rule as those of the normal paraffin mono- and di-carboxylic acids and other 
homologous series (p. 58), namely, that those of members possessing an odd 
munber of atoms lie lower than those of the neighbouring even-numbered members 
(G. 1904, II. 1698). 

Hexamethylene glycol, cLl-Hexanediol^ HO[CH2]eOH, m.p. 42°, b.p. 250°» 
is prepared from hexamethylene dibromide or diacetate ; and from adipic ester 
by reduction. Its dialhyl ethers are obtained from y-alkoxypropyl halides by 
the action of sodium (methods of formation 66 and 8 (p. 360) ; and from y- 
amyloxybutyrio acid by electrolysis (Ber. 27, R. 735 ; C. 1905, 1. 1698 : II. 1701). 

Heptamethylene glycol, diethyl ether^ C2H50*[CH2370C2H5, b.p. 225°, re- 
.sults from the interaction of 77-ethoxyhexyl iodide, magnesium and iodomethyl 
ethyl ether (mode of formation 8, p. 360) (C. 1906, I. 443). 

Octomethylene glycol, aB-Octanediol, H0[CH2]80H, m.p. 60°, b.p. 162°/ 
10 mm. 

Nonamethylene glycol, ai-Nonanediol, H0[CH2]90H, m.p. 45°, b.p. 177°/ 
15 mm. 

Decamethylene glycol, oLK^Decanediol, HO[GH2]ioOH, m.p. 70°, b.p. 179°/ 
15 mm. These glycols are obtained from dicarboxylic esters or amides by 
reduction (mode of formation 06, p. 360) (G. 1904, I. 1399; 1905, II. 1701). 

Higher diprimary glycols, see Monatsh. 43, 589. 

B. UNSATURATED GLYCOLS. OLEFINIC GLYCOLS 

The simplest representatives possible theoretically are not known, and 
probably are, like vinyl alcohol, not capable of existing. 

See p. 369, upon the view of furfuran as an oxide of an unknown, unsaturated 
glycol. See also acetonylacetone (p. 405). 

isoDipropionyli isod^utyryl, isodii&ohutyryl, and isodiiBovaleryl are olefine 
glycol derivatives. They result from the action of metallic sodium on an ethereal 
solution of propionyl chloride, butyryl chloride, i^obutyryl chloride, and isovaleryl 
chloride. They are esters of alkylaeetylene glycols (Klinger and Schmitz, Ber, 
24, 1271 : Ber. 28, R. 1000 : J. pr. Chem. [2], 63, 364). 

Diethylacetylene glycol dipropionate, “ Diyropionyl,''^ EtOCO CEt 
GEt-OGOEt, b.p. 108°/10 mm. 

Dipropylacetylene glycol dibutyrate, “ Dibutyryl,'^ I>rCOO*GPr CPr- 
OCOPr, b.p. 119~130°/12 mm. 

When these esters are hydrolysed, the corresponding keto-alcohols, propioin 
and butyroin are produced, and conversely the acetate CH3*C(OAe) : C(OAe)-CHj 
is produced when the sodium derivative of acetoin is treated with acetyl chloride 
(see p. 394), 
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id"^-Hexadiene-yS-diol (DimnyUthyUne glycol), [CHg : CH*CH(OH)-]a, b.p. 
101°/15 mm., and d^^-octadiene-Se-diol {dipropenyUthyUm glycol), [CHMe 
CH*CH(0H)-]2, b.p. 121°/1 mm., are produced by the reduction of acrolein and 
crotonaldehyde with copper-zinc cokple and dilute acetic acid (Ann. Chim. Phys. 
[6], 26, 367 : C. 1899, II, 90). 

Acetylenic Glycols. — 1 : 4- Acetylenic glycols are produced by the action 
of di-magnesium acetylene bromide on aldehydes and ketones (Ann. Chim. Phys. 
[8] 30, 485) : 

BrMg*C : C-MgBr + 2CH3CHO > CH8-CH(OH)*C : C*CH(0H)-CH3. 

a3-Butinenediol, CHgOH-C • C-CHgOH, m.p. 58°. Its dimethyl ether, b.p, 
158°, is obtained from monochloromethyl ether and acetylene dimagnesium 
bromide (C. 1908, I. 1642). 

d'i'-Hexinene-)3€-diol, MeCH(OH)’C • C-CHMeOH, occurs in two stereo- 
isomeric forms, m.pp. 42° and 70°. 

)S€-Dimethyl-d^-faexinene-j?€-diol, GMegOH-C : C-CMegOH, m.p. 95°. 

The acetylenic glycols when treated with dehydrating agents do not yield 
cyclic oxides, but pass over into olefine-acetylenes. They undergo isomeric 
change to keto-hydrofurfurans when treated with aqueous mercuric sulphate . 

C-CHOH-CHa CO • CH-CHa 

III — ^ 1 >0 

CCHOH-CHa CHj-CH-CH, 

The acetylenic glycols are reduced to the corresponding paraffin glycols by 
hydrogen and finely divided platinum (p. 359 : c/. C. 1914, I. 1813). 

The diacetylenic glycols, a^-hexadiinenediol, [CHgOH'C ; C'jg, m.p. 111°, 
and jSi^-octadiinenediol, [Me-CHOH-C ; C*]2» 68°, are obtained by oxidizing 

the copper salts of propargyl alcohol and methylacetylenylcarbinol (p. 152) with 
potassium ferricyanide (C. 1897, I. 281 j EE. 183). 

GLYCOL DERIVATIVES 
1. ETHERS OF THE GLYCOLS 
A. Alhyl Ethers 

The alkyl ethers of the glycols are prepared (1) from the metallic glycolates 
and alkyl iodide ; 

HO-CHa-CHa^OlSra + CaHgl = Nal + HO-CHaCH^-OCaHg 
CaH4(ONa)8 -f 2C8H5I « 23SraI + C2H4(OC2H5)2. 

(2) The monoalkyl ethers of ethylene glycol result from the combination of 
ethylene oxide and alcohols. 

(3) Dialkyi ethers can be obtained synthetically by means of the methods of 
formation 7 and 8 (p. 360) ; 

(a) From halogen-substituted ethers EO[CH8]nX and Na or Mg ; 

(5) From ketones with chioromethyl alkyl ethers and magnesium i 

(0) From alkoxy ketones and alkoxycarboxylic esters with magnesium alkyl 
halides. 

(d) From alkoxy fatty acid salts by electrolysis. 

Hydriodio acid decomposes the neutral ethers into iodoalkyls and glycols 
(Ber. 26, R. 719), which are converted into alkylene iodides by excess of HI. 
Hydrobromic acid in the cold converts glycol dialkyl ethers into the bromo- 
hydrins of the mono-alkyl ether, RO[CH2]«Br (C. 1904, I. 1400). 

The mono-alkyl ethers of tertiary- primary 1 ; 2-glycols are changes into alde- 
hydes by the action of anhydrous formic or oxalic acid (comp, p. 361). 

Glycol monoetfayl ether, b.p. 127° (Ber. 35, 3299). Glycol diethyl ether, h.-p. 
123°. 

The polyethylene alcohols are most closely related to the alcohol ethers. 
They have been already considered after ethylene glycol (p, 363). Diethylene 
glycol bears the same relation to glycol as ethyl ether to ethyl alcohol : 

glycol Ethyl ether. 
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jB. Cyclic Ethers (Alkylene Oxides) 

Diethylene oxide, obtained from the 

red, crystalline bromine addition product of ethylene oxide, (02^40)2^^3, m.p. 
05°, b.p. 95°, when it is treated with mercury. It is also prepared l3y heating 
glycol with concentrated sulphuric acid (p. 362). It unites with bromine, form- 
ing the above-mentioned dibromide ; with iodine, to a diiodide^ m.p. 85° ; and 
with sulphuric acid it forms a sulphate^ m.p. 101°. Thus, it forms double com- 
pounds or oxonium salts similar to those of the simple ethers (p. 156) (C. 1907, 
I. 1103). It is decomposed into acetaldehyde and glycol when heated with sul- 
phuric acid (p. 362). 

Ethylene methylene ether, Qlycol methylene acetal^ • b.p. 78°, is 

obtained from trioxy methylene, ethylene glycol and ferric chloride (Ber. 28, K. 
109), or syrupy phosphoric acid (C. 1899, 1. 919). Also from glycol, formaldehyde 
and hydrochloric acid (C. 1900, II. 1261). Ethylene ethylidene ether, 

b.p. 82*5°, results from the union of ethylene oxide and acet- 
aldehyde (comp. p. 362). 

Diethylene oxide is a cyclic double ether. For the preparation of this class 
of substance some 1 : 3-glycols seem also to be suitable (Monatsh. 23, 67). Simple 
cyclic ethers or glycol oxides are also known ; and a third ether, ethylene oxide 

IT 

(Wurtz), is also derived from glycol. 

The simple cyclic ethers of the glycols^ the alkylene oxides, are readily pro- 
duced in various ways, depending upon whether the two OH-groups are attached 
to adjacent carbon atoms or not. Alkylene oxides, in which the O -atoms are 
in union with adjacent carbon atoms, are termed the a-alkylene oxides, whilst 
the others are the» jS-, y-, 8-alkylene oxides. 

(1) Ethylene oxide itself and the ethylene oxides, as well as the ^-alkylene 
oxides (triinethylene oxide), are prepared by the action of potassium hydroxide 
on the chlor- or brora-hydrins, the monohaloid esters of the respective glycols : 

CHoOH cn. 

-b KOH = • -f KCI + HgO. 

CHjCl * 

(2) a- Alkylene oxides are also obtained by the oxidation of olefines by benzoyl 
peroxide or benzoyl hydroperoxide in inert solvents (Ber. 42, 4811 : C. 1911, 
I. 1280) (c/. p. 106). 

(3) Tl^e y- and 8-alkylene oxides (and some j5-derivatives) are formed when 
the glycols are heated with sulphuric acid (Ber. 18, 3285 : 19, 2843 : Monatsh. 
23, 67) : 


NCHa-C 


yCH2-CH2\ 

CH2<; >0 -f H 2 O. 

\CH2*CH2/ 


The a-glycols, under like treatment, lose water and yield either aldehydes 
or ketones, depending upon their constitution (pp. 361, 227, 256). 

The ethylene oxide ring is easily ruptured, hence ethylene oxide enters into 
addition reactions quite as freely as its isomer acetaldehyde. The rings of 
tetra- and pentamethylene oxides, however, are far more stable. These can 
only be broken up by the halogen acids. 

CH 

Ethylene oxide, • *>0. b.p. 12-6°, D.® = 0-898, isomeric with 

CH2 

acetaldehyde, CH3*CHO, is a pleasantly-smelling, ethereal, mobile 
liquid, with a neutral reaction, yet able gradually to precipitate 
metallic liydroxides from many metallic salts. 

W. + + 2H.O - = 
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Ethylene oxide is characterized by its additive power. (1) It combines with 
water and slowly yields glycol, (2) Nascent hychrogen converts it into ethyl 
alcohol. (3) The halogen acids unite with it to form halogenhydrins, the mono- 
haloid esters of the glycols ; hydrofluoric acid is, however, an exception (C. 1903, 
I. 11). (4, a) With alcohol it yields glycol monoethyl ether ; (6) with glycol 

it forms diethylene glycol ; (c) and with the latter it combines to triethylene 
glycol. (6) It forms ethylene alkylidene ethers (p. 367) with aldehydes. (6) 
Acetic acid and ethylene oxide form glycol monoacetate, and (7) with acetic anhy- 
dride the product is glycol diaeetate. (8) Sodium bisulphite changes it to sodiuni 
isethionate, (9) Armenia changes ethylene oxide to hydroxyethylamine. (10) 
With hydrocyanic acid it forms the nitrile of hydracrylic acid. (11) Ethylene 
oxide unites with sodium malonic ester (see HydEroxethylmalonie ester). Potas- 
sium hydroxide polymerizes ethylene oxide at 50-60° (Ber. 28, R. 293). 

For comparison, the following additive reactions of ethylene oxide and alde- 
hyde are arranged side by side : 



KHSO, 

/ 

CHa-OH 

1 



1 

CHg-SOsK 


NH, 

CHjs-OH 


j 

CHg-NHjj 

1 

HNC^ 

CH^-OH 


> 

j 

CHa-CN 




CH,-CH:0< 


ch,.ch<oh^ 


CH,CH<gH 


Ethylene oxide and magnesium alkyl halides form addition compounds, which 
are converted by heat into primary alcoholates, RCHgCHaOMgX (p. 134). 


Higher alkylene oxides. cc-PropyUm oxide 


CHa-CH 


•UJd \ 


p. 35°, iso- 


Butylene oxide, 1 Bym.-Dimethylethylene oxide, b.p. 

56-57°, sym,-Methylethylethylene oxide, b.p. 80°. isoPropylethylene oxide, 
b.p. 82°. Trimethylethylene oxide, b.p. 76-76°. Tetrmnethylethylene oxide, b.p. 
91*7°, is produced from tetraraethylethylene bromide by PbO and water (C. 1902, 
I. 628). It unites with water to form pinacone with considerable evolution of 
heat (p. 363). 

Heated to 200-260° with AlgOg or other contact substances, ethylene oxide, 
propylene oxide and f^obutylene oxide are transformed into the isondteric alde- 
hydes, acetaldehyde, propionaldehyde, ^>obutylaldehyde, whilst trimethyl- 
ethylene oxide gives methyl f^opropyl ketone (Ber. 36, 2016). 

Trimethylene oxide, b.p. 50° ; preparation, see p. 307 ; 

homolcgues (Monatsh, 23, 67 : C. 1906, n. 1179). 


CHj — CHgv (1) 

Tetramethylene oxide, Tetrahydrofurfuran, 1(4) (5) /O, b.p. 57° (Ber. 

CHa— CHg/ 

25, R. 912). p€-Hexylene oxide, 2 : 5-Dimethyltetrahydrofarfumn, b.p, 93° 
(Ber. 35, 1336). oi!x.-DimethyUetramethylene oxide, b.p. 98° (C. 1907, I. 708). 
2:2:5; S-Tetramethyltetrahydrofurfuran, b.p. 113°. Diisoamylene oxide, 2 : 5- 
Dimethyl-2 : 5‘diethyltetrahydrojurjuran, b.p. 160° (C. 1899, 1. 774, 775). y-Penty- 
lene oxide, 2-Methylteirahydrofurfura7i, b.p. 77° (Ber. 22, 2571). 

Pentamethylene oxide, b.p. 82° (Ber. 27, R. 197). 

8-Hexylene oxide, ct-Methylpetitajnethylene oxide, b.p. 104°, does not unite 
with ammonia (Bar. 18, 3283). 

The higher polymethylene glycols are converted into their oxides only with 
difficulty, and form, irrespective of the relative positions of the hydroxyl groups, 
y- and '8-oxides through an intramolecular isomeric change. 



GLYCOL DEEIVATIVES: ESTERS 


Note , — Furfuran corresponds with tetramethylene oxide. It may be con- 
sidered as the cyclic ether of an unknown, unsaturated glycol. 

CHa-CHaOH CHa-CH,v CH^CHOH CH-CHv 

I 1 >0 I I >0 


CHa-CHaOH 

Tetramethylene 

glycol. 


CHa-CH/ 

Tetramethylene 

oxide. 


CH=CHOH 

(Unknown.) 


CH=-CH/ 

Furfuran. 


By the substitution of sulphur and of the NH-group for oxygen in furfuran 
Thiophen and Pyrroir are produced. 

CH-CHv CH^CHv CH=-CH\ 

1 >0 j >S I >NH 

ch-ch/ OH-CH/ OH==aH/ 

Furfuran. Titiuphen. Pyrrole. 

These compounds and their derivatives are discussed in a later volume among 
the heterocyclic compounds. 


2. ESTERS OF THE GLYCOLS 

A, Esters of Inorganic Acids 

(a) Halogen Esters of the Glycols. — The glycols and monobasic acids yield 
neutral and basic esters. The dihalogen substitution products of the paraffins 
are the neutral or seconda^ halogen esters of the glycols. The halogen atoms in 
them are attached to difierent carbon atoms. They are isomeric with the 
corresponding aldehyde halides (p. 243) and the ketone halides (p. 266). 

The primary haloid esters of the glycols are the halohydrins. These are 
obtained : 

(1) When the glycols are treated with hydrochloric and hydrobromic acids : 

CHjjOH CHaOH 

I +HC1= 1 d-HaO. 

CHaOH OHaCi 

When heated with HI, reduction occurs simultaneously. Ethyl iodide 
(p. 161) is obtained from ethylene glycol. The iodohydrins can be obtained from 
i-he corresponding chloro- or bromo- compounds by the action of sodium iodide. 

The fluorohydrins aro obtained from the chloro- or bromohydrins by the action 
of silver or mercmy fluorides (Bull. Acad. Roy. Belgique (Sci.) 1914, 7). 

By the action of hydrobromic acid on neutral glycol ethers in the cold, 
tho ethers of the bromohydrins are obtained. 

(2) They are obtained also by the direct addition of hypochlorous acid to 
tlie olefines, whereby the OH group becomes attached to the carbon aton. poorest 
III hydrogen (J. pr. Cliem. [2] 64, 102, 387 ; comp. C. 1902, I. 1316) : 

CHo CHoCl 

II “ + HOCl = 1 

C(CHa)2 C(CH3)aOH. 

(3) By tlie action of halogen acids on ethylene oxide and its homologues ; 

CHa-OlI 

! >0 + HCl = } 

CHa^ CHaCl 

(4) Synthetically, they can be prepared from halogen ketones dr halogen 
carboxylic esters and alkyl magnesium halides (Ber. 39, 225, 3078 : C. 1900, 
i. 1584, 11. 1179), e.g. : 

CHs-CO-CHaCl (CH3)aC(OH)-CH2Cl. 

Ethers of the ehlorohydrins are similarly obtained by the action of zinc alkyls 
or magnesium alkyl halides on ajS-dichloro ethers, the a-chloro atom alone being 
attacked by tho organ o -metallic c9mpound (Ber. 40, 4992) ; 

MgEtl 

CHaCbCHCbOEt CH2Cl-CH{CaH5)-OEt. 

(5) ehlorohydrins are obtained from the unsaturated hydrocarbons by the 
action of monochlorocarbamide in dilute acetic acid solution (Bull, Soc. Chim. 
[43 31 , 102). 

VOL. I. 
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Ethylene chlorohydrin (glycol cklorohydrin), CHgCl'CHaOH, b.p. 128®. 
Ethylene bromohydrin, b.p. 150®, and iodohydrin, b.p. 78®/16 mm., are obtained 
by warming glycol bromoacetin and iodoacetin (p. 373) with methyl alcohol 
(C. 1901, I. 1356). The iodohydrin is smoothly converted into acetaldehyde 
by warming with lead hydroxide (C. 1900, II. 31). The fluotohydrin is obtained 
by warming the bromoacetin with mercuric fluoride, followed by hydrolysis. 

Trimethylene chlorohydrin (y-chloropropyl alcohol, y-chloro-oL-propanol), 
CHoCl-CHa-CHaOH, b.p. 160®, is obtained from the glycol and hydrochloric acid. 

a-Propylene glycol a-chlorohydrin, CHaCH^OHjCHgCl, b.p. 127®, is 
prepared from allyl chloride by dilute sulphuric acid or by the addition of HCIO 
to propylene : a-propylene glycol j5-chlorohydrm, CHjCHChOHaOH, b.p. 
134® (C. 1903, II. 486). 

^soButylene glycol a-chlorohydrin, (0H)C(CH3)2CH2C1, b.p. 129°, is 
obtained from ehloroacetone or monochloroaeetic acid by Mg(CH 3 )I ; also from 
isobutylene and HCiO (C. 1902, I. 1093). isoButylene oxide and HCl gives a 
mixture of this chlorohydrin and isobutylene glycol ^-chlorohydrin, (CH 3 ) 2 CC 1 - 
CHjOH, which easily passes into isobutylaldehyde (Ber. 39, 2789, 3678). 

The primary haloid esters can also be considered as substitution products of 
the monohydric alcohols. Glycol chlorohydrin would be chloroethyl alcohol. 
(1) Nascent hydrogen converts them into primary alcohols, (2) Oxidizing agents 
convert them into halogen fatty acids, e.g,, glycol chlorohydrin yields monochloro- 
acetie acid. (3) They form alkylene oxides, and also aldehydes, under the 
influence of alkalis, (4) Mono- esters of the glycols are produced when they 
combine with salts of organic acids ; e.g., glycol chlorohydrin and potassium 
acetate yield glycol mono-acetate, CHaCOO'CHg-CHjOH. (6) Potassium cyanide 
changes them to nitriles of the hydroxyacids. 

The ethers of the glycol bromo- and iodohydrin can be employed in the build- 
ing up of the neutral dialkyl ethers of the higher glycols (comp, p, 360). 

In close relation to the halohydrins stand certain substances produced by 
the action of mercury salts on ethylene (p. 104), such as p-iodomercuriethanolp 
HOCH 2 *CH 2 HgI, and di-^-iodomercuriethyl ether, O(CHg0H2HgI)2. Iodine con- 
verts them to glycol iodohydrin (above) and j3-diiodo-ether, 0 (CH 2 CH 2 l) 2 . 
Alkaline stannic solutions react with mercury ether bromide producing mercury 
diethylene oxide, 0(CH2’CH2)2Hg, m.p. 145°, a very stable compound, which 
requires fuming hydrochloric acid to decompose it, generating ethylene (Ber. 
33, 1641 ; 34, 1385, 2910). 


The dihalogen esters of the glycols are very important parent 
bodies for the preparation of the glycols (comp, methods 1 and 4 
for the formation of glycols, p. 359). 

Methfds of Formation, — (1) By the addition of halogens to the 
olefines — e,g, ethylene gives rise to ethylene chloride, bromide and 
iodide : 


CHa 

11 

CH 2 


+ X 2 - 


CHaX 
1 ; 
CHaX 


(X -= Cl, Br, I) 


(2) By substitution of paraffins and monohalogen paraffins : 

GI» Cl, 

OHa-CHs CH3‘CH2C1 CH2C1-CH2CL 

(Pe) 

(3) By the addition of halogen acids to monohalogen olefines. 
In this instance much will depend on the temperature, concentration, 
and other conditions, as to whether both or only one of the two 
possible isomers is formed : 

dil. HBr Cone. HBr 

CHa'CHBra CHj ; CHBr CHaBr CHaBr. 

(4) By the action of HGl, HBr or HI on glycols and glycol halo- 
hyddns. The second OH group will be replaced with more difficulty, 
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and at a higher temperature, than the first. Similarly, the glycol ethers 
(p. 366) are converted into the dihalides by an excess of halogen acid. 

(5) Alkylene diamines or halogen alkyl monoamines yield alkylene 
dihalides, either by the action of nitrosyl chloride or bromide (C. 
1899, 1, 25) ; or better by warming the benzoyl derivative of the amine 
with phosphorus chloride or bromide, and distilling the resulting imide 
clxloride or bromide (z?, Braun, Ber. 38, 2346 : 39, 4112 ; 45, 1970) : 

(CH2)„(NH-COC6H5)a (CHa)„(N : CClCeHs)^ (CH2)„Cla + 2 ^ 0 - 0 ,^, 


The benzoyl derivatives of the cyclic imines, such as benzoyl 
piperidine, benzoylpyrrolidine (comp. p. 386), yield dichloro- and 
dibromo-paraffins and benzonitrile by breakage of the ring, under 
the action of PCls or PErg. This constitutes a convenient method 
of preparing as-dichloro- and dibromopentane. 

( 6 ) By the action of PCI 5 on glycols : 

(7) The chlorides and iodides can be obtained from the bromides 
by the action of mercuric chloride or potassium iodide respectively. 

Properties. — ^The simple dichloro- and dibromo-esters of the glycols, 
or olefine dichlorides and dibromides, volatilize without decomposi- 
tion. The di-iodides decompose readily in the light, and when dis- 
tilled break down into olefines and iodine. The ethylene dihalides 
have a very sweet, pleasant odour. 

Reactions. — (1) The dihalogen paraffins are converted into olefines 
by sodium : 

CH2CI CHCI2 2 Na CH2 

j and I > }{ . 

GHjiCl CH3 CH2 

cyc2oParaffins, such as cyclopropane, methylcychhuiane and cyclo- 
hexane, can also be obtained from dihalogen compountls and sodium 
(Monatsh. 3, 625 : J.C.S. 53, 201 : 65, 599), e.g . : 


< CH2Br yCHa 

+ = 0H2< } -f 2NaBr. 

CH*Br \CHj 

(2) Nascent hydrogen converts both di- and monohalogen paraffins 
into paraffins. 

(3) When digested with alcoholic potassium hydroxide, halogen 
hydride is split off, and monohalogen olefines and acetylenes or di- 
olefines result (pp. Ill, 115). 

(4) Suitable reagents change dihalogen paraffins into the corre- 
sponding glycols (p. 358) or their esters. Heating with water produces 
ffist the monohalogen hydrins of the glycols, and finally ketones and 
aldehydes. The 1 : 4- and 1 : 5-dihalides yield also cyclic oxides (comp. 
Monatsh. 23, 64 : 0. 1902, I. 628 : II. 19 : 1903, I. 384). 

(5) Ammonia produces alkylene diamines. 

( 6 ) Potassium cyanide converts them into the nitriles of halogen 
carboxylic acids and the dinitriles of dicarboxylic acids. 

CHgBr-CHaBr + 2KCN CH«(CN)*CHa{CN) 

CHa(COOH)’CH2(COOH) 


(7) The reaction with magnesium, in ethereal solution, proceeds 
partly similarly to the reaction of the simpler halides, and partly in 
a more complex fashion. 
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Ethylene bromide and magnesium react to produce ethylene and 
magnesium bromide as the principal products : if the reaction is only 
allowed to take place slowly, the magnesium derivative CH 2 Br*CH 2 - 
MgBr is also formed (Ber. 38, 1296, 3259). Trimethylene bromide 
and magnesium yield principally c^cZopropane, with a very small 
quantity of the compound BrMg*[CH 2 ] 6 *MgBr (Ber. 40, 3049). a6- 
Dibromobutane and ae-dibromopentane and the higher polymethylene 
derivatives form the normal dimagnesium compounds BrMg‘[CH 2]4 
or 6*MgBr when the reaction is carried out carefully, but the com- 
pounds BrMgdCHgls or io*MgBr are simultaneously formed. The 
magnesium derivatives of the polymethylene halides are of great 
synthetic value. For example, pentamethylene dimagnesium bromide 
yields with carbon dioxide, pimelic acid and CT/cZohexanone. 

HO-CO-[CHJs-COOH BrMg-ECHJj-MgBr >• ch:>°o- 

EthyUm Halides — Ethylene chloride, elaifl chloride^ Oil of the Dutch chemists^ 
CHaCi-CHaCl. in.p. -36°, b.p. 84°, = 1-2808, can be prepared (Ann. 94, 245) 

by conducting ethylene into a gently heated mixture of 2 parts of manganese 
dioxide, 3 parts of sodium, chloride, 4 parts of water and 5 parts of sulphuric 
acid. It is also obtained from ethylenediamine and NOCl ; also from dibenzoyl- 
ethylenediamine and PCls (comp. p. 371). It is insoluble in water, has an 
agreeable odour, and sweet taste. 

Ethylene bromide, CHgBr-CHaBr, m.p. 9°, b.p. 131°, is formed when 
ethylene is introduced into bromine (A:^. 168, 64). It is also produced when 
ethyl bromide, bromine and iron wire are heated to 100° (Ber. 24, 4249). 

Ethylene iodide, CHgl'CHgl, m.p. 81°, is formed on conducting ethylene 
into a paste of iodine and ethyl alcohol (Jahresb. 1864, 346). 

History of the Alhylene Halides. — The four Dutch chemists, Deimany Pacts 
mn Troostwyk, Bondt and Zmnoerenburgh, while studying the action of chlorine 
on ethylene, first obtained ethylene chloride in 1795 as an oily reaction product. 
Hence they called ethylene “ gaz huileux,” oily gas, a name which Fourcroy 
altered to “ gaz olefiant,** “ oil-forming gas ’* (see Roscoe and Schorlemmer, Org. 
Chem,, 1 , 647 ). This phrase subsequently gave the name “ olefines ’ * to the series. 
Balardy the discoverer of bromine, obtained ethylene bromide in 1826 by allowing 
bromine to act on ethylene (Ann. Chim. Phys. [2] 32, 375). Faraday, in 1821, 
prepared ethylene io(£de by acting on ethylene with iodine in sunlight. 

Propylene halides, a^-Dihalogen propanes, CHgCHX-CHaX, and Tidmethy- 
lene halides, ay-Dihalogen propanes, CHaX-CHgCHgX. The propylene halides 
result from the addition of halogens to propylene, and halogen acids to allyl 
halides at 100°. Trimethylene bromide is prepared from ally! bromide and 
hydrobromic acid at —20° and, accompanied by propylene bromide, from cyclo- 
propane and bromine in hydrobromic acid (C. 1899, I. 731 : 1900, II. 465). 
HgOlj and KI change trimethylene bromide into the chloride and iodide. 

Propylene chloride, b.p. 97° ; Trimethylene chloride, b.p, 119°. 

,, bromide, „ 141°; „ bromide, „ 165°. 

,, iodide, decomposes ; „ iodide, decomposes. 

ay-Dibromobutane, CHaCHBr-CHaCHoBr, b.p. 147°, is obtained from 
p-butylene glycol (C. 1902, IL 1097). 

jSS-Dibromopentane, CHsCHBr-CHaCHBrOHg, b.p. 63°/9 mm. (C. 1904, 

l. 1327 ). 

Tetrame^ylethylene chloride, (GH 5 ) 2 CCl-CCl(CH 3 )g, m.p. 159°, is pre- 
pared from pinacone and HCl (C. 1900, II, 1061). Tetramethylethylene bromide, 

m. p. 149°, (decomp.), results from the action of sunlight on the nitrosobromide, 
(CH 3 ) 2 CBr-C{NO)(CH 3 ) 2 , This substance is prepared from tetramethylethylene 
and XOBr (comp, p. 377) (Ber. 37, 545), It is a very volatile blue crystalline 
powder, 

IHgher Homologues of the Polymethylene Halide Series are mostly 
obtained by the general methods of preparation, Nos. 4 and 5 (p. 370) (J. pr. 



GLYCOL DERIVATIVES: ESTERS 373 

Chem. [2] 39, 542 : Ber. 27, R. 735 : 38, 2346 : 39, 1112 : C, 1903, I. 583: 
1904, II. 429 : 1905, I. 1698 : 1906, I. 443). 

Tetramethylene chloride^ C1[CH234C1, b.p. 162° ; bromide^ ra.p. — 20°, b.p. 
82°/12 mm. ; iodide^ m.p. 5*8°. 

Pentaimtliylene chloride, C1[CH2]5C1, b.p. 177°; bromide, b.p. 221°; iodide, 
m.p. 9°, b.p. 149°/20 mm. 

Hexamethylene chloride, ClCCHgleCi, b.p. 204° ; iodide, m.p. 9*5°, b.p. 163°/17 
mm. 

Heptameihylem chloride, Ci[CH2]7Cl, b.p. 126°/28 mm. ; iodide, m.p. 0°, b.p. 
178°/20 mm. 

jSc-Dibromohexane, CHaCHBr'CHg'CHg'CHBrCHg, is prepared from 
hexylene glycol (p. 365), from J'^-hexene-e-ol (butallylmethylcarbinol), or from 
diallyi (p. 117) by means of hydrobromic acid. A mixture of stereoisomerio 
forms is obtained, containing a racemic form, m.p. 38°, and the meso form, a 
liquid, b.p. 100°/20 mm. (Ber. 34, 2569 : 35, 1337), 

Sodium converts these compounds into cycZoparaffins (Vol. II), just as sodium 
and trimethylene bromide produce trimethylene. Sodium malonic esters, 
sodium acetoacetic esters, and polymethylene bromides produce cycZoparafiin 
carboxylic esters (Vol, II). 

Mixed, neutral halogen esters of the glycols, containing two diiferent halogen 
atoms, are also known. 

(6) Esters of Mineral Acids containing Oxygen, 

Ethylene nitrate, yly^^ol dinitrate, C2H4{0-N0g)2, Dg = 1*483, is produced 
on heating ethylene iodide with silver nitrate in alcoholic solution, or by dis- 
solving glycol in a mixture of concentrated sulphuric and nitric acids: 

CgH^COH)^ + 2 HO*NOg = CgH^CO-NOg)^.-!- 2H2O. 

This reaction is characteristic of all hydroxyl compounds (polyhydric alcohols 
and polyhydroxy acids). 

The nitrate is a yellowish liquid, insoluble in water. It explodes when heated 
(like nitroglycerine). Alkalis saponify the ester with formation of nitric acid 
and glycol. 

Glycolsulphuric acid, C2H4(0H)*S04H, is produced on heating glycol with 
sulphuric acid. It is similar to ethylsulplmrie acid (p. 168), and decomposes, 
when boiled with water or alkalis, into glycol and sulphuric acid. 


R. Esters of Carboxylic Acids 

The esters of the fatty acids with dihydric alcohols or glycols are obtained 
by methods already described : — 

(1) From the haloid esters of the glycols: (halogenohydrins and alkyleuo 
halides) with salts of fatty acids : 

CHgOH CH2OH 

j 4- CHgCOoK =1 + KCl ; 

CHgCl CHgOCOCHs 


(2) From glycols by moans of free acids, acid chlorides or acid anli.vit’idos. 

(3) Thoy are also obtained by the direct atldition of acifl anhydridos to ethy- 
lene oxides, similarly to the formation of the alkylidene esters from aldehydes 
and acid anhydridos (p. 244) : 


CH V 

1 >0 + - j 


CHoOCOCH, 


CHg/ 

CH3CH0 + 


CH20COCH3 

CH3^CH(OCOCH3)2. 


Glycol diformin, C2H4(0'CH0)2, b.p. 89°/25 mm., is prepared from glycol 
by a mixture of formic acid and acetic anyhydride (C. 1900, II. 314). 

Glycol monoacetate, CH2(0H)CH20C0CH3, b.p. 182°, is a liquid miscible 
with water. If hydrochloric acid gas be led into the warmed substance there is 
formed glycol ckloroacetin, chloroethyl acetate, CHgCiCHg^O'CaHsO, b.p. 144°. 
Similarly hydrobromic acid produces glycol brormacetin, b.p. 1<)3°, which is 
converted into the iodoacetin, b.p. 110°/60 mm., by sodium iodide and the 
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fluoroacetin, b.p. 119®, by mercuric fluoride (C. 1901, 1. 1356 ; Bull, Acad. Roy. 
Belg. (Sci.) 1914, 7). 

Glycol diacetate, C2H4(0*C2H30)2, b.p. 186°, Dq = 1*128. It dissolves in 
7 parts of water. Glycol distearate, m.p. 79°, b.p. 241°/2 

mm. Glycol dipalmitate, C2H4(OCOCi5H3i)2> m.p. 72°, b.p. 226°/0 mm. 
(Ber. 36, 4340). 

a-Propylene glycol diacetate, CHs*C2H3(0*G0CH3)2, b.p. 186°. 

Trimethylene glycol diacetate, {CH2)3(OCOCH3)2, b.p. 210°. 

The formation of the acid esters is well suited for the detection and deter- 
mination of the number of hydroxyl groups in the polyhydric alcohols, the 
sugars and the phenols. Benzoic esters are particularly especially easy to prepare. 
It is only necessary to shake up the substance with benzoyl chloride and sodium 
hydroxide in order to benzoylate all the hydroxyls (Ber. 21, 2744 : 22, R. 668, 
817). The formation of the nitric acid ester is also well adapted for the purpose 
(see Glycol dinitrate, p. 373) ; also the carbamic esters (urethanes) resulting 
from the action of isocyanic esters (g.v.), especially the phenyl isocyanate (g.v.). 

For carboxylic esters of unsaturated glycols, see p. 365. 

Glycol Esters of Dibasic Acids. — ^The glycol esters of dibasic acids such 
as malonie and adipic acids readily form polymerides of high molecular weight. 

When the number of atoms in the system is too great to permit 

of the formation of a five- or six -atom ring, these polymerides are formed 
instead of the simple esters (J.A.C.S. 51, 2560: 52, 314, etc.). 

3. SULPHUR DERIVATIVES OF THE GLYCOLS 

A. Mercaptans. — ^The mercaptans corresponding to ethylene glycol are 
obtained : 

(1) by treating the halogenohydrins and olefine dihalides with potassium 
hydrosulphide ; 

(2) by hydrolysis of the dithiourethanes obtained from olefine dihalides and 
ammonium dithiocarbamate (Ber. 42, 4568) : 

[0H2WS*CS*NH2)2 + 4KOH 2KCNS -f [CH2]x(SK)2 -f 4H2O. 

Movjothio^ethylem glycol, HSC3H2*CH20H, yields isethionic acid (p. 375) when 
treated with nitric acid. 

Dithioglycol, ethylene mercaptan, dUMolethane, C2H4(SH)2, b.p. 146°, D — 1*12, 
possesses an odour something like that of mercaptan. It is insoluble in water 
and dissolves in alcohol and ether. It shows the reactions of a mercaptan 
(Ber. 20, 461). 

Trimethylene mercaptan, HS(CH2)sSH, b.p. 169° (Ber. 32, 1370). 

Tetrameth^lenedithioglycol {cch-dithiolbutane), HS*[CH234*SH, b.p. 105°/30 mm.: 
penia^, hexa~, and decamethylene dithioglycola, b.p. n0°/16 mm., 118°/15 mm,, 
176°/16 mm. (m.p. 20°). 

B. Sulphides. — (a) Alkyl Derivatives of the Thioglycols. — Ethyl 
p-hydroxyehyl sulphide, EtS*CH2*CH20H, b.p. 184°. 

Ethylene dimethyl sulphide, MeS*CH2*CH2*SMe, b.p. 183°. Ethylene diethyl 
sulphide, b.p. 188°. 

(d) Vinyl Alkyl Derivatives of Dithioglycol (Sulphurans). — Vinyl ethyl 
ethylene sulphide, CH2 : CH-S-CHaCHs’SEt, b.p. 214° (see under Sulphonium 
compounds, below). Diethylthiolethylene, EtS*CH : CH*SEt, b.p. 170°/13 mm., 
is obtained from dichloroethylene and ethyl mercaptan by the action of alcoholic 
potash (Ann. 394, 325), 

(c) Thiodiglycol, HOGHgCHg-S-CHaCHaOH, corresponding with diglycol, is 
also Imown (Ber. 19, 3259). However, the simple ethylene sulphide, corre- 
sponding with ethylene oxide, is not 'Imown, whikt diethylene oxide sulphoue, 

2, m.p. 130°, corresponding with diethylene oxysulphide, as 
well as diethylene disulphide, are known. 

(d) Cyclic sulphides : Diethyhm disulphide, m.p. 112°, 

b,p. 200°, is formed from ethylene mercaptan, ethylene bromide, and sodium 
ethoxide. When ethylene bromide is digested with alcoholic sodium sulphide, 
a polyrmric ethylene sulphide, m.p. 145°, is produced at first. This is 

a white, amorphous powder, insoluble in the ordinary solvents, which protracted 
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boiling with phenol changes to diethylene disulphide (Ann, 240, 305 : Ber. 10, 
3263 : 20, 2967). 

^CHoS 

Trimethylene disulphide^ CH 2 <^ •» ni*P* 75“ (Ber. 32, 1370). 

CS 2 S 

(e) Ethylene mercaptals and ethylene mercaptoles are similarly produced from 
ethylene mercaptan by the action of aldehydes, ketones, and HCl, just as the 
mercaptals (p. 247) and the mercaptoles (p. 267) are obtained from ordinary 
mercaptans (Ber. 21, 1473). 

CHaSv 

Ethylene dithioethylidenei | b.p. 173®. 

CH 2 S/ 

CHaS— SCHj 

(/) Diethylene tetrasulphide, | | , m.p. 150®, is produced by the 

CH^S— SCH 2 

action of the halogens, or sulphuryl chloride or hydroxylamine on ethylene 
mercaptan. It is a white, amorphous powder (Ber. 21, 1470). 

{g) Tetramethylene sulphide {tetrahydrothiophcn)^ 1 >S, b.p. 119®, and 

CHa-CH/ 

pvntamethylene sulphide, b.p. 141®, form mobile liquids with intolerable penetrat- 
ing odours. They are obtained from tetramethylene and pentamethylene iodides 
and potassium sulphide (Ber. 43, 545, 3220). 

C. Sulphotiium Derivatives. — Ethyl iodide and diethylene disulphide unite 
to form the e&iodide, 

Ethyl sulphuran, EtS-C 2 H 4 *S-CH : CHg, is produced on distilling the above- 
mentioned iodide with sodium- hydroxide. The ring of diethylene disulphide is 
broken. 

The union of the derivatives of diethylene disulphide with the higher alkyl 
iodides yields homologous compounds. By similar treatment these yield sul- 
phurans or alkyl vinyl thio-ethers of ethylene (Ber. 19, 3263 ; 20, 2967 ; 
Ann. 240, SOS). (See B (b) above.) 

D. Suiphones. — The disulphones are produced when the open and the cyclic 
disulphides are oxidized by potassium permanganate. All suiphones, in which 
sulphone groups are attached to two adjacent carbon atoms, can be hydrolysed 
{Stuffer\^ law, Ber. 26, 1125). 

(а) Open chain suiphones : Ethylene diethyl sulphone, C2H4(S02*Et)a, 
m.p. 137°, has been obtained (1) from diethylthiolethane ; (2) from ethylene 
bromide by the action of sodium ethyl sulphinate, and (3) from sodium ethylene 
disulphinate by the action of ethyl bromide (Ber. 21, R. 102). 

(б) Cyclic suiphones (Ber. 26, 1124 ; 27, 3043) : Trimethylene disulphone, 
m.p. 204-205®, results from the oxidation of methylene dithioethylene. Barium 
hydroxide solution decomposes this into the acid (I). This, on boiling witii water, 
forms first an internal anhydride (II), b.p. 164®, which then loses SOg and turns 
into the sulphone (III), m.p. 20°. 


1 >CH,. 


->1 


Trimethylene 

sulphone. 


(I) 


CHoO • SO 

H I 

CHoSOg-CH, 

(II) 


CH2SU3CII, 
Hydroxycthyl 
methyl sulphone (fll) 

The anhydride (II) gives, on oxidation, hydroxycthyl sulphone methylene 
CHg— O— SO 2 

sulphone lactone, | 1 

CHa-SOa-CH* 

CHa— SOa--CHa 

Diethylene disulplmie, J | , results from the oxidation of diethy- 

CHa— SOa— CHa 

lene disulphide, and decomposes similarly to trimethylene disulphone. 

E. Sulphonic Acids. — Isethionic acid, hydroxyetJianesulpJwnic 
acid, HO-CgHA'SOaH, is isomeric with ethyisulphurio acid, GsHgO*- 
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SOgH, and is produced (1) by oxidizing monothioethylene glycol with 
HNOg ; (2) by the action of nitrous acid on taurine or aminoisethionic 
acid (comp, formation of glycollic acid from glycocoll, p. 440) : 

HjjN’OHaCHaSOaH + HONO = HO-CH^CHaSOgH + Ng + HgO. 

(3) by heating glycol chlorohydrin with potassium sulphite ; (4) by 
boiling ethionic acid (p. 377) with water (Ber. 14, 64 ; Ann. 223, 
198) ; (5) from ethylene oxide and potassium hydrogen sulphite. 

Isethionic acid is a thick liquid, which solidifies when allowed to 
stand over sulphuric acid. Its salts are very stable and crystallize 
well. Chromic acid oxidizes isethionic acid to sulpho-acetic acid. 

The barium salt is anhydroTis ; ammonium salt forms plates, m.p. 135®, and 
at 210-220® it changes to the ammoninm salt of di-isethionic acid, OCOHj*- 
CH2S03NH4)2 (Ber. 14, 65). Ethyl isethionate, b-p. 120® (see Ber. 15, 947), 

PClg converts the acid into chhroethanesulphonic chloride, ChCHgCHgSO^Cl, 
b.p. 200®. This is also formed by heating ethane disulphochloride. When it is 
boiled with water it is converted into chloroethanesulphonic acid, CHgCl-OHj-SOgH 
(Ann. 223, 212). 


aminoisetMonic acid^ aminoethanesulplionic 

CHoNHs 

, was discovered by Gmelin in 1824 ; its sulphur 


Taurine, 

CHaNHg 

t , or . 

CHg-SOsH CHg-SOs 

content, which had previously been overlooked, was detected in 
1846 by BedUnhacher, It is considered in this connection because 
of its intimate relationship to isethionic acid. It occurs as tauro- 
cholic acid, in combination with cholic acid, in the bile of oxen (hence 
the name — xavqoz, ox) and many other animals, and also in the dif- 
ferent animal secretions. It can be obtained from the sheU-fish 
Haliotis, J. Biol. Chem. 33, 499. 

It is formed when taurocholic acid is decomposed with hydro- 
chloric acid (Prejparation, see Biochem. J. 21, 1065) : 


0Hg^NH(C34H3304) 

CEaSOsH 

TaiirochoUc acid. 


HOI CHg-NHe 

GHaSOgH 

Taurine. 


+ C24H40O6. 
Cholic acid. 


It can be prepared artificially by heating chloroethanesulphonic 
acid, CHaChCHsSOgH, with aqueous ammonia (Kolbe, Ann. 122, 33). 

Ethylene or ethyl alcohol combine with SO3 to give carbyl sulphate, a deriva- 
tive of isethionic acid. The following diagram shows the course of the synthesis : 


CHg-OH 2SO, 


CHg 

Alcohol. 


> I 


> 


CHgSOa 
Carbyl sulphate. 


H,0 CHg-O-SOgH 

— >• ( 

Cold CHgSOgH 

Ethionic acid. 


S,o CHg-OH 
I 


Hot 


Isethionic acid. 



Taurin© also results when ethylenimine is evaporated together with sulphurous 
acid. 
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Taurine crystallizes in large, monoclinic prisms, m.p. (decomp.) 
c. 240°, insoluble in alcohol, but readily dissolved by hot water. It 
contains the groups IsTHg and SO3H, and is, therefore, both a base 
and a sulphonic acid, but as the two groups neutralize each other, 
the compound has a neutral reaction. It may, therefore, be considered 
as a cyclic ammonium salt, as indicated in the second constitutional 
formula. It can form salts with the alkalis. It separates unaltered 
from its solution in acids (see Glycocoll). 

Nitrous acid converts it into isethionic acid (p. 375). Boiling 
alkalis and acids do not affect it, but when fused with potassium 
hydroxide it breaks up according to the equation : 

NHaCHzCHaSOsK + 2KOH = CH3CO2K + K^SOj + NH3 + Hg. 
Taurine introduced into the animal economy is excreted in the urine as 
tauQ'ocarbamic acid, NH2C0NH‘CH3‘CH2*S03H. 

CHa— NH 

Anhydrotaurine, \ | , m.p. 88% is formed by the action of ammonia 

CHa— SO2 

on chloroethane sulphochloride, or on ethane disulphochloride (C. 1898, I. 20). 
CHa N(CH3)3 

Taurobetamc, \ | , is prepared by methylating taurine, and is 

CHg— SO2O 

analogous to betaine {q.v.). 

< 0*S0 TI 

SO H * constitution of this acid would indicate 

it to be both a sulphonic acid and primary sulphuric ester. It is therefore 
dibasic, and on boiling with water readily yields sulphuric and isethionic acids. 
It results when carbyl sulphate takes up water. 

CH3— O— SO2V 

Carbyl sulphate, | the anhydride of ethionic acid (Ann. 223, 

CHs SO2/ 

210), is formed when the vapours of SO3 are passed through anhydrous alcohol. 
It is also produced by the direct union of ethylene with two molecules of SO3. 
CHa-SOgH 

Ethanedisulphonic acid, | , m.p. 100°, may be prepared from glycol 

CHa-SOgH 

mercaptan and ethylene thiocyanate by means of concentrated nitric acid ; by 
the action of fuming sulphuric acid on alcohol or ether ; or by boiling ethylene 
bromide with a concentrated solution of potassium sulphite. It is easily soluble 
in water. Reduction with zinc dust, see Ber. 38, 1071. 

Ethane disulphochloride, SOoCl-CHo’CHa’SOoCl, m.p. 98°, by the action 

CHgSOaH 

of zinc dust, forms the zinc salt of ethanedmdphinic acid, \ . The 

CHgSOaH 

disulphochloride, like the chloride of propane-aj5-disulphonic acid, CHsCHlSOaCl)- 
CHaSOoCl, m.p. 48°, easily gives up SOg ; whilst the chloride of propane-ay- 
disuljdionic acid, CH2(CH2S02C1)2, is more stable (Ber. 34, 34G7 : 36, 3()2(>). 
This is in accordance with Sti^ffer^s rule (p. 375). 

4. NITROGEN DERIVATIVES OF THE GLYCOLS 
A. Nitroso- compounds. 

The addition-products of the olefines with nitrosyl chloride belong to this 
group (comp, the Terpenes, VoL II). 

Tetramethylethylene nitrosochloride, (CH3)2C(N0)-CC1(CH3)2, m.p. 121°, is pre- 
pared by adding sodium nitrite to tetramethylethylene in an alcoholic solution 
of hydrochloric acid in the cold (Ber. 27, 455 ; R. 467). It has a blue colour, 
and a somewhat penetrating camphor-like odour. 

If the nitroso group in these compounds is attached to a primary or secondary 
carbon atom, they readily undergo tautomeric change to isonitroso -compounds, 
which are treated later as oximes of the nitro-ketones, e.g. : 

Me2C(N02)-CH(N0)*CH3 Me2C(N02)-C( : NOH)-CH3. 
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B. Nitro Compounds. 

Only the mononitro compoiind derived from glycol, /3-nitroethyl alcohol, is 
known. The nitro- derivatives of the alcohols are obtained by the interaction 
of silver nitrite and the halogenohydrins, and by the condensation of the primary 
nitroparaffins with aldehydes imder the influence of dilute potassium bicarbonate 
or potassium hydroxide solutions (C. 1899, I. 1154). 

^-Nitroethyl alcohol, CHgNOg-CHaOH, b.p. 120 V35 mm., forms a heavy 
oil (Ber. 53, 208). ^-Nitroethyl nitrate, CHgNOa-CHg-ONOs, b.p. 120-122717 
mm., exidglycol dinitrate, CH2(0*N02)‘CHa*0N02, b.p, 105®/19 mm., are produced 
by the union of ethylene and nitric acid (Ber. 53, 206). 

fi-Nitropropyl alcohol, CHa0H(NO2)CH2OH, b.p. 121®/22 mm. Nitro- 
isopropyl alcohol, CH3*CH(0H)CH2N02, b.p. 112730 mm., = M91 (Ber. 
28, B. 606) (see also Nitro-olefines, p. 182). y-Nitropropanol, HO-CHa-CHa- 
OH2NO2, b.p. 139®/32 mm. 

For nitro-alcohols containing 4, 5, and 6 carbon atoms, see C. 1897, II. 337 : 
1898, I. 193. For dinitro- and halogen-nitro-eom-^owidB, corresponding with the 
glycol series, see pp. 182, 185. 

C. Amines and Ammonium Compounds of the Glycols. 

There are two series of amines, derived from the glycols, and 

corresponding with the two series of glycolates, esters, mercaptans, 
etc. : 

HO-CHaCHa-OH, HO-CHgCHa-NHa* and NHa-CHgCHa-NHa. 

Glycol. Hydroxy ethylamine. Ethylene diamine. 

The amines of the glycols fall into two classes : (1) The hydroxy- 
alkylamines and their derivatives ; (2) the alkylene diamines and 
their derivatives. 

(I) Hydroxyalkylamines and their derivatives. — ^Methods of 
formation : (1) action of ammonia on the halohydrins ; (2) by the 
union of ammonia and alkylene oxides in the presence of water (Ber. 
32, 729 : C. 1900, II. 1009). In these two reactions the products 
are primary, secondary, and tertiary hydroxyalkyl bases, e.gr. : 

CHa\ CHj-OH 

1 yO -}- NH3 = I Hydroxyethylamine. 

CHg/ OHg-NHa 

+ NHj = Dihydroxydiethylamine. 

CH,n. CH,(OH)-CHj\ 

31 70 + NHg = OHa(OH)*CHa~7N Xrihydroxytricthylamine. 

CHa/ CH2(OH)*CHa/ 

These three bases are best separated by distillation under reduced 
pressure (Ber. 30, 909). They were discovered by Wuriz and closely 
investigated by Knorr. 

(3) by reduction of nitro-alcohols (see above) hydroxyacid nitriles, 
amino-ketones or isonitroso-ketones (Ber. 33, 2829, 3169 : C. 1908, 
I. 1676) ; 

(4) by the action of sulphuric acid on aUylamine with addition 
of water (Ber. 16, 532) ; 

(5) by the appHcation of the phthalimide reaction (p. 189). Alky- 
lene halides are allowed to act on potassium phthalimide, the reaction- 
product being heated with sulphuric acid to 200-230° : 
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The course of the alkali hydrolysis of the bromoalkylphthaiimides 
is discussed in Ber. 38, 2404, etc. 

The amino-alcohols are also obtained by the direct action of 
alkylene oxides on free phthalimide, followed by hydrolysis of the 
product (Ber. 50, 819). 

(6) The dialhylamino-ahohols (AlJcamines) are formed by the action 
of secondary amines on halogenohydrins and alkylene oxides, and 
from dialkylaminoacetic esters, dialkylaminoketones and amino-acid 
esters by the action of the magnesium alkyl halides (Ber. 39, 810 : 
J. Pharm. Chim. [7] 2, 56 : Z. physiol. Chem. 160, 1) : 

MffKtl 

NEta-CHa-COOEt > NEta-CHa'CEtaOH. 

The alkamines are thick, strongly alkaline liquids which partially 
decompose on distillation. They are separated by fractional crystal- 
lization of their hydrochlorides and platinochlorides. 

The alkamines and their carboxylic esters (Alkeines) frequently 
possess physiological activity (C. 1904, I. 1195 : 1906, I. 1584). 
Stovaine^ the hydrochloride of the benzoate of dimethylaminopentanol, 
C2H5*CMe(0-C0C6H5)-CH2NMe2,HCl, which is used as a local anaes- 
thetic in place of cocaine deserves mention in this connection. 

Hydroxyethylamine, cholamine, ^-aminoethanol, CHaOH-CHa- 
NHa, b.p. 171®, and the homologous alkamines, CHaOH-CH'NHR 
and CHaOH'CHa'NRR', are best prepared by the addition of ammonia 
or the appropriate amine to ethylene oxide in aqueous solution (Ann. 
315, 104: 316, 311 : C. 1908, 11. 121, 1706). Hydroxyethylamine 
is also obtained by the putrefaction of serine (Biochem. Z. 95, 281). 
Dirmthylaminoet'kanol, NMeaCHs’CHgOH, is formed as a breakdown 
product of a-methylmorphimethine (see Alkaloids, Vol. III). 

Choline, hydroxyethyltrimethylammoniiim hydroxide, bilineurme, 
Sincalin, H0CH2-CHvN(CH3)30H, is quite widely distributed in the 
animal organism, especially in the brain, and in the yolk of egg, in 
which it is present as lecithin {q.v,), combined with glycerophosphoric 
acid and fatty acids. It is present in hops, hence it occurs in beer. 
It has also been found in the plant, Strophanthus. It is obtained, 
also, from sinapin (the alkaloid of S inapis alba), when it is boiled 
with alkalis (hence the name sincalin). It occurs, together with 
muscarine, (HO)2CH0H2N(CH3)3OH(?) (Ber. 27, 166), in fly agaric 
{Argaricus muscarius). 

History, — ^*4. Strccher discovered this base (1862) in the bile of swiiio and 
oxen. He gave it the name choline, from hicbreich obtained it from 

protagon, a constituent of the nerve substance, and at first named it neurine, 
from vevpov, nerve ; this ho later cliangcd to bilmcurinr, to distinguish it from 
the corresponding vinyl base, wliich continued to bear tho name ncNrlne. The 
constitution of choline was explained by Baeyer, and Wurtz showed how it might 
be synthetically prepared by the action of trimethylamine on a concentrated 
aqueous solution of ethylene oxide : 

CH2\ CHaOH 

j >0 + HaO -f N(GH3)a - 1 

CHa/ CHaNCCHalsOH. 

Its hydrochloride is produced from ethylene chlorohydrin and 
trimethylamine. Ethylene bromide and trimethylamine at 110-120® 
produce bromoethyltrimethylammonium bromide, which on heating 
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with water at 160°, gives choline hydrobromide, HOCH 2 CH 2 N(CH) 5 Br 
(Ber. 36, 2901). 

Choline deliquesces in the air. It possesses a strong alkaline 
reaction and absorbs COj. Its platinum double salt, (C 5 Hi 40 NCl) 2 '- 
PtCli, crystallizes in beautiful reddish-yellow plates, insoluble in 
alcohol. Choline derivatives^ see Ber. 27, R. 738 : Bull. Soc, Chim. 
[4] 15, 544. 

Acetylcholine has a powerful, though temporary, depressant effect on the 
blood pressure : it also causes muscular contraction and may be concerned in 
the regulation of intestinal peristalsis. It has recently been isolated from the 
spleen (J. physiol. 68, 97). 

hoChoUne, CH3*CH(0H)-NMe30H, is obtained from aldehyde-ammonia (Ber. 
16, 207). 

The three homochoUnes, HOIGHjlg-NMegOH, HO'CHa'CHMe-NMegOH and 
HO*OHMe*OH2-IsfMeaOH, have been prepared (Ber. 22, 3321 : Z. physiol. Chem. 
67, 35 ; J. Biol. Chem. 10, 399 : Zeit. Biologie. 57, 1). 


Neurine, vinyltrimethylamrnonium hydroxide, CHg : CH^NMcgOH, 
is produced from choline by putrefaction, or by boiling with barium 
hydroxide solution. It has also been isolated from brain tissue. It 
occurs among the ptomaines, which are produced by breakdown of 
protein, particularly in dead animal tissue. It may be obtained from 
the bromide corresponding with choline (obtained by treating ethylene 
bromide with trimethylamine), and the iodide (resulting from the 
action of HI on choline) when they are subjected to the action of 
moist silver oxide : 


CH^-OH 2Hr CHgl 

I > I 

CH 2 N(CH 3 ) 30 H CH2N(CH3)3l 

Choline. 


Ag,o CHjs 

II 

CHN(CH3),0H. 

Neurinc. 


Contrary to choline, which is harmless, neurine is exceedingly 
poisonous. 


CO- 


Betaine, trunethylglycocoll, oxyneurine, 1 I , is allied 

CH2-N(CH3)3 

to choline and neurine, from which it is obtained by oxidation [Licbreich, 
Ber. 2, 13) : 


CH 3 OH 

I 

CH 2 N(CH 3 ) 30 H 

Choline. 


t>Q COOJHE — H«0 CO—O 

— > I — I I 

CHsN(CHj)aOH CHjN(CH5)5. 

JBetainc. 


As it is a derivative of amino-acetic acid it will bo more closely 
examined, in company with other betaines, with the amino-fatty 
acids. 


jS- Amino -ethyl ether, G2H5OCH2CH2NH3, b.p. 108^, is obtained from 
j3-chloro- or jS-bromo-ethylamine by moans of sodium alcoholato. 

^-Dimetfiylamimethyl ether, C2H50CH2*CH2N(CH3)2, b.p. 121'’, occurs in the 
breakdown products of various morphine bases (Voi. II : Alkaloids) (Ber. 37, 
3504 : 38, 3150). 

Dihydroxydiethylamine, NH(CH2CH20H)2, m.p. 28®, b.p. 270®/100 mm., is 
prepared from ethylene oxide and dibromodiethylamine. 

^-Diaminoethyl ether, 0(CH2CH2NH2)2, b.p. 183-184®, is obtained by the 
break-down of its diphthalyl derivatives, which, in turn, are prepared from diido- 
ethyl ether and 2 molecules of potassium phthalimide (Ber. 38, 3411). 

Diethyleneimine oxide, morpholme, produced when 
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dihydroxyethylamine is heated to 160° with sulphuric acid, and distilled with 
potassium hydroxide ; also^ from diiodoethyl ether (p. 370) and toluenesul- 
phonamide (Vol. II), and subsequent decomposition of the toluenesulpho- 
morpholine formed (Ber. 34, 2606). See Ber. 22, 2081, for homologous mor- 
pholmes. It was assumed that the same atomic grouping exists in moi’phine 
as in morpholine, hence the name. 

Trihydroxytriethylamine, NCCHgCHaOHg), b.p. 278°. 

Homologous amino alcohols. 

<x- Amino- ^-propanol, CH 3 CH{OH)*CH 2 (NH 2 ), b.p. 161° ; OL-amino-^-butanoh 
CH 3 CH 2 CH( 0 H)CH 2 *NH 2 , b.p. 204°, p-amino-y-pentanol, 

{]SrH 2 )CH 3 , b.p. 174°, etc., are prepared by reduction from the corresponding 
nitro-alcohols ; a-araino-^-propanol and j 8 -amino-y-butanol, CH 3 CH(OH)CH- 
(NHalCHg, also from the corresponding isonitroso-ketones ; a-amino-jS-butanol 
and jS-amino-y-pentanol also from the corresponding amino-ketones (Ber. 32, 
1905 : 33, 3169 : 37, 2480 : 0. 1902, I. 716, 717). 

(x.-Ammo-h-hutanolf CH 2 (OH)*[CH 2 ] 2 CH 2 (NH 2 ), b.p. 206°, is produced from 
y-cyanopropyl alcohol by sodium and alcohol (Ber. 33, 3170) ; methyl ether 
(Ber. 32, 948). 

Diacetone alhamine, (CH 3 ) 2 C{NH 2 )’CH 2 CH(OH)CH 3 , b.p. 175°, results on 
reducing diacetonamine (p. 274) (Ann. 183, 290 : Ber. 30, 1318). 

y-Amino-py-dimethyl-p-bntanol (“ Tetramethylhydroxyethylaynine ”), CMegOH*- 
CMOgNHa, b.p. 103°, is obtained from tetramethyiethylene oxide and ammonia : 
like pinacone, the corresponding glycol, it yields a hexahydrate^ rn.p. 31° (C. 
1908, I. 810). 

Homologous hydroxyethylamines, see C. 1908, I. 1257. 

For homologous alkamines, see Ber. 14, 1876, 2406 : 15, 1143 : 28, 3111 : 
29, 1420, etc. 

( 6 ) Halogen Alkylamines. — In the free state these bodies are soluble in 
water and not very stable. They easily change to salts of the cyclic imines, 
e. g, €-ohlor oamylamine, C 1 CH 2 (CH 2 ) 4 NH 2 , yields piperidine hydrochloride, 

CH 2 '(CH 2 ) 4 llrH*HCl. On the transformation of tert.-p- and y-chloroalkylamines 
into piperazonium bromides, see p. 387. 

Formation : (1) The addition of a halogen acid to unsaturaied aminos, like 
vinyl- or allylamine, p. 199 (Ber. 21, 1065: 24, 2627, 3220: 30, 1124). 

(2) By the action of halogen acids on hydroxyalkylamines. 

(2a) By mixing the nitriles of the halogen substituted acids w^ith sodium 
phenolate, reducing and heating with a halogen acid (Ber. 24, 3221 : 25, 415) : 

Cl-CHgCHgCHgCN + NaOCoHs = CeHsOCHaCHgCHgCN + NaCl 
4H 2HC1 

CoHgOCHoCCHalaCN ^CeHs'OCHaECHaLCHgNHa ?-ClCH 2 [CH 2 ] 3 NIt 2 -H 01 . 

(3) From imidochlorides, which result from the action of PCI 5 on the alkylene 
dibonzoyl diamines (p. 371), by distillation under reduced pressure (Ber. 38, 
2346). 

(4) When the halogen alkyl phthalimides are heated with halogen acids (Ber. 
21, 2605: 22, 2220: 23, 90), e.g,: 

HBr 

CgH 4 (CO) 2 N*CH 2 -CH 2 Br CeH 4 (COOH )2 + BrCHa-CHgNHa-HBr. 

Bromoethylphthalimide. * o-Phlhalic achl. 

Chloro-, bromo-, iodo-ethylamWi ICH' 2 CHl 2 ^E[ 2 , are known; transformation of 
bromoethylamine into ethylene imine, see p. 380. p-Chloroethyldimethylamine, 
C 1 CH 2 CH 2 N'(CH 3 ) 2 , b.p. 110°, is an oil. Its aqueous solution changes on keeping 
or evaporation into tetramethylpiperazonium chloride (p. 387) (Ber. 37, 3507). 

p-Bromopropylamine, CHaCHBrCHaNHg, results as hydrobromide from boiling 
allyl mustard oil with hydrobromic acid (Ber. 32, 367). y-Ohloropropyldimethyl- 
arnme, ClCH 2 CH 2 CH 2 lSf(CH 3 ) 2 , b.p. 135° (Ber. 39, 1420). y-BroTmpropylatnine^ 
BrCHaCHgCHaNHa. 

P-Bromobutylamine, CHaCHgCHBrCHgHHg. y-Chlorohutylamine, CHgCHCI*- 
CHgCHgNHa (Ber. 28, 3111). h-Chlorobutylamine, ClCHaCCHgjg-NHa. 

€-Ghloroamylamine, C1CH2[CH234NH2. ^-Methyhe-chloro-n-amylamine^ CHg* 
Cl[CHa] 2 CH(CHs)CH 2 NH 2 , ^-n-Propyl-e-ch/oro-n-amylxtmine, CH2C1[CH232CH- 
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(CaH^)CH2NHa (Ber. 27, 3509 : 28, 1197). The last four compounds readily lose 
hydrogen chloride and form respectively pyrrolidine, piperidine, ^-pipecoline 
and 3-propylpiperidine. 

^‘Chlorohexylainine, C1*[CH2]6NH2, and ij-chloroheptylaminei C1*[CH2]7NH2, are 
obtained from the alkylene dibenzimidochlorides (Method 3, above) and readily 
form cyclic bases. 

^^'‘Dibromodiethylamine, (Br-CHa-CH2)2NH (Ber. 30, 809). 

(c) Sulphur Derivatives of the Amino- alcohols. — ^-Aminoethyl mercaptaii, 
CHgSH-CHaNHa, m.p. 100°, is obtained by the action of potassium hydrosulphide 
on bromoethylphthalimide, and hydrolysis of the product by hydrochloric acid 
(Ber. 45, 1643). 

The following sulphides have been prepared from bromoethylphthalimide, 
and converted into their sulphoxides and sulphones. 

Methyl ^-aminoethyl sulphide {^-Methylthiolethylamine) MeS-CHg'CHgNHo, b.p. 
147° : and its sulphoxide and sulphone. 

JSthyl p-aminoethyl sulphide, EtS-CHgCHaNHg, b.p. 163°. 

P^'-Diaminodiethyl sulphide, (NHg-CHg'CHa*)^, b.p. 232° : its sulphone. 

Diaminosulphonal, (NH2*CH2CH2S02)2CMe2, m.p. 85° (Ber. 22, 1138: 24, 
1112, 2132, 3101 : 35, 1372 ; Ann. 386, 332). 

Taurine, NHg-CHgCHg-SOsH, has already been dealt with (p. 376). 

II. Alkylene Diamines. — ^The divalent alkylene groups can re- 
place two hydrogen atoms in two ammonia molecules, with the pro- 
duction of primary, secondary and tertiary bases. These are di-acid 
bases, and form salts by direct union with two equivalents of acid. 
The occurrence of tetramethylenediamine (putrescine) and penta- 
methylenediamine (cadaverine) among the products of putrefaction 
of protein (Ptomaines) is of interest. They are formed by simple loss 
of carbon dioxide from the diamino acids ornithine and lysine. 

NH2‘[CH2]4-CH(NH2)C00H ^ NHg'LCHals-NHa + COg 

Lysine. Cadaveriuc. 

NH2-[CH2]3*CH(NH2)C00H > NHa-fCHgli-NHg + COg 

OrnitlUne. Putrescine. 

Formation. — (1) They are prepared by heating the alkylene brom- 
ides with alcoiiolic ammonia to 100° (p. 187} in sealed tubes : 

BrCHs'CHjBr + 2NH, = CsH4<^|«-2HBr. 

Etliylene bromide. Ethylenedianiine. 

2BrCH2CTIjBr + 4NHa = NH<;^§*;^]®p>NH-2HBr + 2NH4Br 

Uiethylenediaminc. 

SBrCHgCHgBr + 6NH3 = N^C2H4^N*2HBr + 4NH4Br. 

Tiietbylcuediamine. 

To liberate the diamines, the mixture of their hydrobromides is 
distilled with KOH and the product is then fractionated. 

(2) The reduction of (a) alkylene dieyanides or nitriles of dicar- 
faoxyhc acids {q.v.) with metallic sodium and absolute alcohol (see 
p. 190 and Ber. 20 , 2215) : 

CN CH,NH» CHa-CN 

l+8H=| ; I +8H=| 

CN CHjNHj CHs-CN 

Bicyanogoa. JBthylene- Ethylene- Tetramethylene- 

dlainine. cyanide. diamine. 

(6) By the reduction of the oximes, (c) of the hydrazones of the 
dialdehydes and diketones, and {d} of the dinitroparaffins. 
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In some of these reductions cyclic imines have been observed ; 
thus, in the reduction of ethylene cyanide in the presence of tetra- 
methylene diamine, tetramethylene imine is formed. 

(3) From dicarboxylic amides, bromine and alkali hydroxide (Ber. 
27, 511) (p. 191). 

(4) From dicarboxylic azides (J. pr. Chem. [2] 82, 189), 

(5) From alkylene diphthalimides on heating with HCl, or better 
with KOH : 


CcH4(CO)aN[CH2]3N(CO)2CeH4 

Trimethylenediphthalimide. 


2CeH,(COsH)j + 

75;;^ HCl-NHjCHjCHjCHjNHsHCl 
Trlnu‘thylenediaininehydrochloride. 


(6) From diamino- mono- and di- carboxylic acids dry distilla- 
tion (C. 1905, II. 463) : 

CH2-CH2-CH(NH2)C00H CHnCHaCHaNHa 

I - I “ + SCOa. 

CH2-CH3-CH(NHo)COOH CHaCHoCH^NHa 


Properties , — ^The alkylene diamines are liquids or low-melting solids 
of peculiar odour, which, in the case of those that are volatile, resembles 
that of ammonia, and recalls that of piperidine. They fume slightly 
in the air, and absorb carbon dioxide. It is found that the melting 
points of the homologous series are not regular in their increase, but 
those of members containing an even number of G atoms are higher 
than of those containing an uneven number. The boiling points, on 
the other hand, show a regular increase (J. pr. Chem. [2] 62, 192 ; 
0. 1901, I. 610). 

Reactions . — ^Alcohol and acid radicals can be introduced into the 
amino-groups of the diamines in the same manner as in the amino- 
groups of the monoamines (Action of formaldehyde, see Ber. 36, 35). 
The production of the dibenzoyl derivatives, e.g. C 2 H 4 (NHCOC 6 H 6 ) 2 , 
upon shaking with benzoyl chloride and sodium hydroxide, and the 
formation of phenylureas, (CH 2 )n{]S'H-CO*NHC 6 Hs )25 by the action of 
phenyh'^ocyanate, is well adapted for the detection of the diamines 
(Ber. 21, 2744 : C. 1905, I. 274). On the conversion of the alkylene 
dibenzoyl diamines into chloroalkylamines and alkylene diehlorides, 
see p. 371. Nitrous acid converts them into glycols, at the same 
time unsaturated alcohols and unsaturated hydrocarbons arise (Ber. 
27, R. 197). 

Further, the diamines unite directly with water, forming very 
stable hydrates, which only lose water when distilled over potassium 
hydroxide. 

The diamines form well-characterized derivatives with metallic 
salts, -corresponding to the metalammines, in which one molecule of 
diamine takes the place of two molecules of ammonia (c/. Ber. 44, 
3319 : 45, 164). 

The diamines show a great tendency to pass over into hetero- 
cyclic compounds : thus, cyclic imines are formed by loss of ammonium 
chloride when their hydrochlorides are distilled : 


CH2< 


CHa-CHg-NH 

CHg-CHa-NH 


2> 

2» 


HCl 

HCl 


> HCl + NHiCl. 


(For other examples of the formation of heterocyclic rings, see 
under Ethylenediamine.) 
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Methylenediamine, 0112 (^ 113 ) 2 , is very unstable in the form of the free 
base. Its salts are obtained by hydrolysis by mineral acids of methylenediform- 
amide, obtained by the condensation of formamide with trioxymethylene (Ber. 
47, 2698). 

Ethylenediamine, m.p. 8-5®, b.p. 116*5®, combines with water 

to form the hydrate^ m.p. 10°, and b.p. 118®. It reacts strongly alkaline, and has 
an ammoniacal odour. Nitrous acid converts it into ethylene oxide. 

JSthylenedinitramme, N 0 2 NHCH 2 *CH 2 NiiN O 2 (Ber. 22, R. 295). Thionyl- 
ethylenediaminet SO : N*CH 2 *CH 2 *N : SO, m.p. 5°, b.p. 100°/25 mm. (Ber. 30, 
1009). 

Ethylenediamine and ajS-propylenediamine, like the orilio -diamines of the 
benzene series, combine with orthodiketones, e.g. phenanthraquinone and benzil, 
to form pyrazine derivatives, similar in structure to the quinoxalines. They 
also unite with the benzaldehydes and benzoketones (Ber. 20, 276 : 21, 2358). 
Action on ethylenediamine of CSCI 2 (Ber. 27, 1663), and of aldehydes (0. 1899, 

l. 594 : Ber. 40, 881). 

Diacetylethylenediaminef m.p. 172°, consists of colourless needles. When this 
compound is heated beyond its melting point, water splits off, and there follows 
an inner condensation that leads to the formation of a cyclic base, methyl gloxali- 
dine^ which under the ixqxdq Lysidiney m.p. 105°, b.p. 223®, has been recommended 
as a solvent for uric acid (Ber. 28 , 11 76). The corresponding propylene, trimethy- 
lene and tetramethylene diamine derivatives react similarly (Ber. 36, 338) : 

CHaNHCOCHs CH 2 *NH\ 

1 == I ^CCHs 4- CH 3 CO 2 H. 

CH 2 NHCOCH 3 CH 2 *N=^ 

Diacetyldiethylene- Methylglyoxalidine. 
diamine. 

CHg-CH-NHa 

Propylenediamine, | , b.p. 119-120® (Ber. 21, 2359), has been 

CHa-NHg 

resolved into optically active components by means of d -tartaric acid [a]» d: 29*7° 
(Ber. 42, 55). 

jSy-Diaminobutane, b.p. 66-60°/55 mm. (hydrate), is obtained by catalytic 
reduction of dimethylglyoxime (C. 1927, I, 58). 

Trimethylenediamine, NH 2 *(CH 2 ) 8 *NH 2 , b.p. 136-136® (Ber. 17, 1799 : 
21 , 2670), has been prepared by general methods 1, 3, and 4 (from glutaric diazide) 
and (2d) by reduction of ay-dmitropropane (p. 186). 

^S-Diamino-jS-methylpentane, (CH 8 ) 2 C(NH 2 )CH 2 CH(NH 2 )CH 3 , is ob- 
tained from diacetoneamine-oxime (p. 274) by reduction with sodium amalgam 
(Konatsh. 23, 9) ; also by reduction of acetyl acetone dioxime with sodium and 
alcohol. By the second method a labile a-4amino compound, b.p. 47°/20 mm., 
is produced which is converted into the stable compound, b.p. 44°/22 mm., by 
prolonged boiling with alkalis. Both bases yield cyclic ethenyl amidines when 
heated with acetic acid (see above) (Ber. 32, 1191). 

Tetramethylenediamine, patrescim, aB-diaminolmtane, NH 0 [OH 2 ] 4 NH 2 , 

m. p. 27®, is obtained from ethylene cyanide by general methods 2a and 2b from 
suecinaldehyde dioxime (p. 408) (Ber. 22, 1970 ; 40, 3872). It is found in the 
urine and faeces in oases of cystinuria. Tetramethyltetramethylenediamine, 
(CH 3 ) 2 N*[CH 2 ] 4 *N(CH 3 ) 2 , b.p. 169®, occurs in Hyoscyamusy Henbane (Ber. 40, 
3869). 

Spermine {NN'-Di-y-aminopropylputrescine), NH 2 *[CH 2 ] 3 *NH*[CH 2 ] 4 *NH- 
[CHgJg'NHj, was first obtained from fresh human semen by Schreiner, It can 
be obtained synthetically from putrescine and y-iodopropylphthalimide (Z. 
physiol. Chem. 163, 219). It was first synthesized by Dudley, Rosenheim and 
Starling by condensing putrescine with phenyl y-bromopropyl ether, replacing 
the phenoxy groups in the resulting compound with bromine by the action of 
hydrobromic acid, and then acting on the dibromo-compound with ammonia 
(Biochem. J. 20, 1091). 

It forms a very characteristic sparingly soluble crystalline phosphate. 

Spermidine is a simpler base, NH 2 *[CH 8 ] 3 *NH*[CH 2 ] 4 *NH 2 , which accom- 
panies spermine in many tissue extracts (Biochem. J. 21, 97). 
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a8-DiamInopentane, CH 3 -CH(NH 2 )-[CH 2 ] 3 -NH 2 , b.p. 172°, is obtained by 
reduction of pyrotartaric nitrile. 

a8-Diamino-jS-methylbutane, NH^CHaCHMe CHa-CHaNHa, b.p. 173°, is 
obtained by reduction of pyrotartaric nitrile, or by the action of hypochlorite 
on jS-methyladipio amide (Ber. 28, 2954: D.R.P. 216808: C. 1910, I. 311). 

jSc-Diaminohexane, GH 3 -CH(NH 3 )-CH 2 *CH 3 -CH(NH 2 )-CH 3 , b.p. 175°, is 
formed by reduction of the diphenylhydrazone of acetonylacetone. It exists 
in two stereoisomeric forms which are characterized’ by their benzoyl derivatives 
{oL-Dibenzoyl derivative^ m.p. 238°, jS-, m.p. 183-185°) (Ber. 28, 379). 

aS^Diamino-jS-methylpentane, CH 3 CH(NH 2 )CH 3 -CH{CH 3 )CH 2 NH 2 , b.p. 
175°, is obtained from a-methyl Isevulindialdoxime (p. 408) according to method 
of formation 26 (Ber. 23, 1790). 

Pentamethylenediamine, cadaverinet cce-diaminopentane, NHaCHa’CH^*- 
CH 2 *CH 2 CH 2 NH 2 » ^*P* 178-179°, is obtained by the reduction of trimethylene 
cyanide (Ber. 18, 2956 : 19, 780) ; also from pentamethylene diphthalimide 
(Preparation, see Ber. 37, 3583) ; and further, from lysine (ac-diaminocaproic 
acid) (mode of formation 6, p. 383). It forms a hydrate containing 2 H 2 O (Ber. 
27, R, 580). It occurs as cadaverine, a ptomaine Isolated from decaying corpses 
(Ber. 20, 2216, and R. 69). 

Neuridine, (Ber. 18, 86), formed by the decay of fish and meat, is 

isomeric with pentamethylene diamine. 

Hexamethylenediamine, cct-dia7nim>hexane, NHaCCHalcNHg, m.p. 42°, 
b.p. 100/°20 mm., is formed in the hydrolysis of hexamethylenediethylurethane, 
[CH2]fi(NHC02C2H5)2» m.p. 84°, which results upon boiling suberic acid azide 
with alcohol (J. pr. Chem. [2] 62, 206). Also from a^»diaminosuberic acid by 
distillation (mode of formation 6, p. 383 ) ; further, by reduction and hydrolysis 
of €-benzoylaminocaproic acid nitrile, CeH 5 CONH[CH 2 ] 5 CN (Ber. 38, 2204). 

Heptamethylenediamine, NH 2 [CH 2 ] 7 NH 2 , m.p. 29°, b.p. 224°, is prepared 
from azelaic amide and KBrO, and from pimelie nitrile by reduction (Ber. 38, 
2204). 

Octamethylenediamine, cud-Diamino-octanef NH 2 *[CH 2 ] 2 *NH 2 , m.p. 51°, 
b.p. 226°, is obtained from the amide or azide of sebacic acid (method of formation 
3 or 4) (J. pr. Chem. [2] 62, 227) ; and from diaminosebacic acid (method of 
formation 6, p. 383). Its hydrochloride gives 1-butylpyrrolidine on heating 
(C. 1906, 11, 527). 

at-Diamino-nonane, m.p. 37°, b.p. 258°, is obtained from azelaic nitrile (g.v.) 
(C. 1897, II. 849). 

Decamethylenediamine, m.p. 61*5°, b.p. 140°/12 mm., results by reduction 
of the nitrile of sebacic acid (Ber. 25, 2253). 


Cyclic Imines 

Two classes of these substances are known — the alkylene monimines, which 
contain one imino -group, and the dialkylene diimines, which contain two alkylene 
residues and two imino -groups. 

I. Alkylene Monimines. 

To this group belong compounds corresponding with the alkylene oxides : 
CHa\ CHg— CHgv yCH^— CHav 

t >NH CH2< >NH I >NH CHZ >NH. 

CH,/ XCH^/ CHg— CHa/ \cn^—CK^/^ 

Ethyleneiiniae. " 


\on/ 

Triniethyleneiminc. 


CHg— CH, 

Tetrainethyleneimine. 


Pentamethyleneimine. 


Methods oj Formation. — (1) Upon heating the diamine hydrochlorides, when 
ammonia splits off as ammonium chloride, e.g , : 


ClH-NH^CHaCHgCHaCHgCHaNHa-HCl = GII2CH2CH2CH2CH2NH-HC1+NH4C1. 

Fentaniethylenedittuiino hycirochloriUe. Puntaiuethyleneiuiiue, piperidme. 

(2) By the splitting-off of halogen acid from the halogenalkylamines — e.g, 
when the hydrochloride is heated, or when it is digested with dilute potassium 
hydroxide (Ber. 24, 3231 : 25, 415) : 


VOL. I. 


CICH 2 CH 4 CH 2 CH 2 CH 2 NH 2 

« -ClUoroamylaudue. 




IHjOHjOHjOHjCHairH-HCl. 

Plperldiae hydrochloride. 


OC 
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(3) They are produced, together with the diamines, in the reduction of 
alkylene dicyanides. 

The tendency to ring formation is, as in the case of the ethylene oxides, 
dependent upon the number of members in the ring. The change of the tetra- 
and pentamethylenediamines into ring compounds proceeds smoothly, by simply 
heating their hydrochlorides, whereas trimethylenediamine only yields small 
amoimts of the trimethyleneimine, and ethylenediamine no ethyleneimine at 
all tmder these conditions. The rings containing more than seven members 
are not formed by this method, but alkyl derivatives of pyrrolidine are 
formed by a process of intramolecular change (Ber. 39, 4110 : C. 1906, II. 527, 
1126). 

Like the ease of formation, the stability of these ring compounds is also 
dependent upon the number of members in the ring. 

Whilst ethyleneimine is easily decomposed (see below), the tetra- and penta- 
methyleneimines are very stable, and special methods are required to break 
them open. Such are : (1) the exhaustive meihylation method, whereby the 
quaternary ammonium iodides are decomposed into olefine dialkyl amines by 
means of alkali (see pp. 115, 199) ; (2) oxidation of the benzoyl derivatives, which 
produces benzoylamino-fatty acids ; (3) heating benzoyl derivatives with phos- 
phoric halides, forming dihalogen paraffins and benzonitrile (comp. p. 371). 
These methods will be discussed imder Heterocyclic compounds (Vol. 11). 

Ethyleneimine, dimethyleneimine, | bNH, b.p. 65°, Dgo = 0*8321, is 

CH2^ 

obtained from bromoethylamine by means of Ag^O or potassium hydroxide solu- 
tion, It is a water-clear liquid, which smells strongly of ammonia, dissolves in 
water, and acts corrosively on the skin. It is stable against permanganate and 
bromine, which shows that the above formula is correct rather than the earlier 
vinyl formula which was assigned to it. With benzenesulphochloride (Vol. II) 
and alkali, it forms a suiphonamide, insoluble in alkali. It combines with hydro- 
bromic acid in the cold to form bromoethylamine, with HgS to thiodiethylamine, 
and with sulphurous acid to taurine. 

CH2\ 

TS^Methylethylemimim, } yNOHj, b.p. 28°, is prepared from chloroethyl- 

methylamine, CICH2CH2NHCH3, and alkali. Similarly to ethyleneimine, it is 
converted by iodomethane into iodo-ethyl trimethyl ammonium iodide, ICHa- 
OHjN(CH8)2l (Ber. 34, 3644). 

Trimethyleneimine, b.p. 63°, Djo — 0*8436. If trimethy- 

lene bromide and alkali react on p-toluenesulphonamide, p-toluenesulphotri- 
methylene imide is produced ; and when this is hydrolysed by sodium in amyl 
alcohol solution, trimethyleneimine is produced. It is easily decomposed by 
acids, as is ethyleneimine (Ber. 32, 2031). 

CHa-CHay 

Tetramethyleneimine, tetrahydropyrrole, pyrrolidine, j \NH, b.p. 

CHa-CHj/ 

87°, is obtained from tetramethylenediamine (method of formation 1) ; from 
S-chlorobutylamine and potassium hydroxide (method 2) (Ber. 24, 3231), and 
by the reduction of pyirolin©, the firat reduction-product of pyrrole (Ber. 18, 
2079), and of succinimide (see Succinic acid) (Ber. 32, 951) ; 


CH=CH\ 

PyixDle. 


2h CH.CJHj 


y ‘\nh 

CH-CHt/ 

Pyxroline. 


2H CH2*CH 


^\nh 

CHa-CHg/ 


Pyrrolidine, tetramethyleneimine. 

I^rrolidine has an odour resembling that of piperidine. Tetramethylene^ 
niifommine, C^HgNNO, b.p. 214° (Ber. 21, 290). ’i^-Methylpyrrolidine, (0112)4- 
HCHj, b.p. 82°, is produced by bromination of inethyl-»-butylamine, followed by 
splitting ofE of HBr by cone. H2S04 (Ber. 42, 3427 : 43, 2035). 

Pentamethyleneimme,pzperfdw€,Aea?aAydropyndmc,CHg<^^]^2;^g2^NH, 

b.p. 106°, is obtained according to methods 1, 2 (Ber. 25, 415) and 3 (p. 385) ; 
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also from piperine (Vol. Ill), and by the reduction of pyridine, into which it 
passes when it is oxidized : 



Piperidine bears the same relation to pyridine as pyrrolidine to pyrrole. 
Tetramethyleneimine and pentamethyleneimine link the pyrrole and pyridine 
groups to the simple aliphatic substances. 

The pyrrole and pyridine derivatives will be discussed later in connection 
with the heterocyclic ring systems, together with allied bodies, and pyrrolidine 
and piperidine will again be referred to. 

CHa-CHa-CHjv 

Hexamethyleneimine , | >NH, is formed together with complex 

CHa-CHg-OHj/ 

products, in small quantity, by the action of alkali on ^-bromohexylamine (Ber. 
43, 2853). 

II. Dialkylenediimines. 

pTT .pXT 

Diethylenediimine, hexahydropyrazine^ 

m.p. 104°, b.p. 145°, was first prepared by the action of ammonia on ethylene 
chloride. It is produced by heating ethylenediamine hydrochloride (Ber. 21, 

758), and by the reduction of pyrazine, ^< 0 ^ 

technically made from diphenyl diethylenediimine, the reaction-product of aniline 
and ethylene bromide, when it is converted into the p-dinitroso-compound, and 
the latter then broken down into p-dinitrosophenol and diethylenediimine : 

NOC,H4]Sr<[^g^p>N.C,H4NO 

Diethylenediimine, or piperazine, is a strong base, soluble in water, which, 
upon distillation with zinc dust, changes to pyrazine (Vol- III) (Ber. 26, R. 
441). 

The compound 2 : 5-diketopiperazizie, and its deriva- 

tives are of great importance, as they are readily formed from a-amino acids 
(see p, 446) and may play a part in the structure of protein molecules. 

Quaternary piperazonium halides are obtained by the aotion of iodo-alkyls 
on piperazine (Ber, 36, 145) ; and also by spontaneous change of j 6 -chlora- or 
bromoethyl dialkylamines (p. 381) whereby the oily bases are converted into 
solid neutral salts : 

2aCH,CH*N<CH,)j > CaN(CH,),<^‘3;^»>N(CH5)jCl. 

Chloroethyldiinethylamine. Tetramethylpiperazonium dichloride. 

The secondary base jS-Chloroethylmethylamine yields ethylenemethylimine 
and the polymeric jVjV-dimethylpiperazine when acted on by alkali, whereas 
the primary bases chloro- and bromoethylamine yield only ethyleneimme. 
Piperidine^piropiperazine^pfropiperidine dibromide. 


Br Br 




!Ho-CHo- 








is obtained, analogously to the above, from jS-bromoethylpiperidine, (CH 2 ) 5 NCHa- 
CHaBr. It is also prepared from piperazine and two molecules of dibromo- 
pentane. 

These quaternary piperazonium halides are decomposed by alkalis partly 
into acetylene and tetraalkylethylenediamines : 

and partly into hydroxethyl dialkylamines. 
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Dry distillation decomposes tetramethylpiperazonium chloride into chloro- 
methane and ^-dimethylpiperazine (Ber. 37, 3607 : 38, 3136 : 40, 2936). 

Trimethyleneethylenediimine, 
prepared from trimethyleneethylene-p-toluenesulphonimide, 

C,H,SO,N<g|»^Cg^>NSO,C,H, 

and HCl (Ber. 32, 2041 : 33, 761). 

• Bis-trimethylenediimine, NH<cHjCHjCHp’™’ '“'P' 
is obtained from its p-toluene sulphonimide, which is the product of reaction 
between trimethylene bromide and the di-sodium salt of di-p-toluenesulpho- 
trimethylene diamide, CH 3 C 6 H 4 SOaNNa*CH 2 CH 2 CH 2 *NNaSOoC 6 H 4 CH 3 (Ber. 32, 
2038). 

The spontaneous change of y-chloropropyldimethylamine, CICH 2 CH 2 CH 2 N- 
( 0113 ) 2 , produces bis-trimethylenetetramethyldiimonium chloride, C 1 (CH 3 ) 2 N- 
[CH 2 CH 2 CH 2 ] 2 N(CH 3 ) 2 CI (comp, above, piperazonium bromide ; and Ber. 39, 
1420). 



HYDROXYALDEHYDES AND 
HYDROXYKETONES 

2. HYDROXYALDEHYDES. ALDEHYDE-ALCOHOLS 

These contain both an alcoholic hydroxyl group and the aldehyde 
group CHO, hence their properties are both those of alcohols and 
aldehydes (p. 229). The addition of 2 H-atoms changes them to 
glycols, whilst by oxidation they yield the hydroxy acids, containing 
a like number of carbon atoms. The most important representatives 
of this group are the /5-hydroxyaldehydes or aldols, which result from 
the aldol condensation of the simple aldehydes. 

The hydroxyaldehydes are of importance theoretically as they form 
simple models of the important polyhydroxyaldehydes, the mono- 
saccharides. The simple hydroxyaldehydes can react both in the 
normal open chain form, and also in a cyclic form corresponding to 
the cyclic forms of the sugars suggested by Tollens. Thus they form 
semi-acetals or “ glucosides ” with alcoholic hydrogen chloride instead 
of the normal acetals formed by the non-hydroxylated aldehydes : 
e.g. Open chain form CHg-CHg-CHOH-CHg-CHg-CHO. 

Butylene oxide form CH 3 *CH 2 *Caa-CH^-CH 2 -C<^Q^ 

These relationships exist among the a-hydroxyaldehydes (Ber. 54, 
2150) as well as among the y- and d-compounds. 

GlycolUc aldehyde, [ethanolal], CH2(OH)CHO, m.p. 95-98°, is the first 
aldehyde of glycol, and can be obtained from it by oxidation with hydrogen 
peroxide in the presence of ferrous salts. It is also prepared from bromoacetalde- 
hyde and ‘barium hydroxide solution, and from chloroacetal by treatment with 
alkali followed by acid {C. 1903, I. 1427). Further, it is very easily produced 
from dihydroxymaleic acid (an oxidation product of tartaric acid) by heating it 
with water at 50-60°. It is formed in small quantities by condensation of 
formaldehyde by means of CaCOg (Ber. 39, 50). GlycolUc aldehyde remains 
behind, when its solution evaporates, as a slightly sweet syrup ; this can be 
distilled under reduced pressure, when it solidifies ; on melting it imdergoes 
condensation very easily. Bromine water oxidizes it to glycollic acid (p. 414), 
whilst it is condensed by sodium hydroxide solution to tetrose {q.v.)y and by sodium 
carbonate solution to acrosc [q-v.) (Ber. 25, 2552, 2984 : C. 1899, II. 88 : 1900, 
1. 285). Hydroxylamine gives rise to an oily oxime (C. 1900, II. 312), and phenyl- 
hydrazine and acetic acid produce glyoxalosazone (p. 409). 

The following derivatives have already been discussed : the monohalogen- 
acetaldehydes (p. 240) and their acetals (p. 242) and dichloroethyl alcohol (p. 144). 

The dkthylacetal, CH20H-CH(0 -02115)2, b.p. 167°, is obtained from bromo- 
acetal (Ber. 5, 10). The dimethylacetaly CH20H*CH{0Me)2, b.p. 158°, is obtained 
from glycollic aldehyde and methyl alcoholic hydrogen chloride (Ber. 39, 3053). 

The ethyl semiacetah CHa-CH-OEt, b.p. 90°/12 mm., is a derivative of the 

** cyclo-form ” and is obtained from vinyl ethyl ether and perbenzoio acid. It 
is the simplest glucoside model (Ber. 54, 2150). 

389 
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Ethoxyacctaldchyde, EfcO-CHa-CHO, b.p. 71-73", is obtained from its acetal 
by the action of very dilute sulphuric acid, or of one mol. of water in acetone 
solution. The acetal, EtO*CH2*CH(OEt)2, b.p. 1 68°, is obtained from ajS-dichloro- 
ethyl ether or chloro- or bromoacetal and sodium ethoxide (Ber. 39, 2644 ; C. 
1905, I. 1219 : 1907, I. 706). 

Phenoxyacetal, CfiHgO-CHj-CHiOEt)^, b.p. 257° (Ber. 28, R. 295). 

Lactic aldehyde, orhydroxypropionw aldehyde, CH3*CH(OH)‘CHO, is pre- 
pared from the acetal of methylglyoxal, CH3*CO*CH{OEt)2 (p. 400), by reduction, 
followed by hydrolysis of the lactaldehyde acetal, CH3*CH(OH)*CH(OEt)2, b.p. 
169°, with cold dilute sulphuric acid. The lactaldehyde thus obtained (m.p. 
105°) is like glycollaldehyde bimolecular, but gradually changes into the mono- 
molecular form in aqueous solution. It very readily undergoes isomeric change 
into hydroxyaeetone, this change occurring when lactaldehyde is distilled at 
the ordinary pressure. Hydroxyaeetone is also obtained instead of the expected 
lactaldehyde when ct-accU>xypropwmildehyde, CH3-CH(OAo)*CHO, b.p. 52~55°/15 
mm. (from a-iodopropionaldehyde and silver acetate), is heated with water, or 
when a-bromopropionaldehyde is heated with potassium formate and methyl 
alcohol (Ann. 335, 266: Ber. 41, 3599, 3612). Dichloroisopropyl alcohol, 
Cl2CHCH(OH)CH3, b.p. 147°, can be looked on as a derivative of a-hydroxy- 
propionaldehyde. It is prepared from dicliloroaldehyde and CHgMgBr (Ber. 
40, 27). 

a-Hydroxyisobutyraldehyde, (CH3)2C(OH)*CHO, b.p. 137°, is prepared 
from cc’bromoisobiityraldehyde, b.p. 113°, and water. It is an easily polymerizable 
liquid. Sodium hydroxide solution converts it into isobutylene glycol (p. 363) 
and a-hydroxyzsobutyric acid (Monatsh. 21, 1122). 

j8-Hydroxypropionaldehyde, hydracrylic aldehyde, HOCHg-CHaCHO, b.p, 
90°/18 mm., is produced when acrolein is heated with water to 100° : semi- 
carbazone, m.p. 114°, regenerates acrolein when treated with bisulphate. It 
easily polymerizes. Alkali partially converts it to orotonaldehyde (Ann. 335, 
219). P-Hydroxypropionacetal, OHCHa*CH2*CH(OC2HB)2, b.p. 98°/20 mm., is 
prepared by prolonged boiling of dilute sodiiun hydroxide solution at 115° with 
j5-chloropropionacetal, b.p. 74°/20 mm., the addition product of acrolein acetal 
(p. 254) and HCl (Ber. 33, 2760). 

Aldol, ^-hydro^buiyraldehyde, CH3-CH(OH)-CH2*OHO, b.p. 77°/16 mm., 
Do == 1*120, was discovered by Wurtz in 1872. It is obtained by the condensa- 
tion of acetaldehyde by means of dilute cold hydrochloric acid, and other con- 
densation agents, e,g. K2CO3 (Ber. 14, 2069 ; 24, R. 89 : 25, R. 732 : Monatsh, 
22, 69 : C. 1907, I. 1400). 

Aldol freshly prepared is a colourless, odourless liquid, and is miscible with 
water. It distils under atmospheric pressure, partially reforming acetaldehyde, 
but it mainly becomes converted into orotonaldehyde and water. 

As an aldehyde it will reduce an ammoniacal silver nitrate solution. Heated 
with silver oxide and water it yields jS-hydroxybutyric acid, CHa*CH(OH)*OHa- 
COaH. 

After prolonged standing aldol polymerizes, becoming viscous, sometimes 
depositing crystals of paraldol, (C4H802)2, m.p. 80-90° (Monatsh. 21, 80). If, 
during the preparation of aldol, the mixture of aldehyde and hydrochloric acid 
be left undisturbed, the aldol condenses with loss of water to dialdan, C8Hi403, 
m.p. 139°, a crystalline body which reduces ammoniacal silver solution. Tetraldan, 
CieHjsOe, is formed simultaneous with dialdan, and does not reduce silver from 
its ammoniacal solution (C. 1900, II. 838). Diethylacetal of p-ethoxybutyric 
aldehyde, GH8*CH(OC2H5)CH2-CH(OC2H5)3, b.p. 73°/14 mm. (Ber. 31, 1014). . 

The aldol condensation is characteristic for this class of substance and occurs 
among the higher members of the series when a free hydrogen atom exists next 
to the aldehyde group. Thus, a series of j8-hydroxyaldehydes or aldols can be 
prepared. A mixture of two aldehydes yields mixed aldols. The condensing 
agent mostly employed is potassium carbonate : 

2CH3*CH2CH0 = CH3CH2CH(0H)CH(CH3)CH0 
CH 2 O -h (CH3)2CHCH0 = CH2(0H)C(CH3)2CH0. 

Like aldol itself, the homologous aldols are easily converted into a, jS-olefine 
aldehydes when a hydrogen atom in the a-position is free, and are stable bodies. 
If, however, there is no a-hydrogen atom present, some members decompose 
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more easily than aldol into the simple aldehyde. Aldols from -isobutyric aldehyde 
are further acted on by hot alkali during reaction and are transformed into the 
corresponding glycols and ^sobutyric acid (p. 359) {Lieben, Monatsh. 22, 289). 

For misobu lyric aldol, CH 2 {OH)-C{Cfl 3 ) 2 *CHO, m.p, 90®, b.p. 85®/15 mm., is 
converted into /3-dimethyl trimethylene glycol (p. 364) and a-dimethyl /3-hydroxy- 
propionic acid by the action of alkalis. Acetopropionic aldol, CH 3 -CH(OH)*- 
CH{CH3)CH0, b.p. 92°/20 mm. Propionic aldol, b.p. 95®/23 mm, moButyric 
aldol, b.p. 104°“109®/17 mm. i&oButyric isovaleric aldol is decomposed by heat 
into its component parts. For other aldols, see C. 1904, 1. 199 : II. 1599 ; vapour 
pressure of the aldols, see Monatsh. 21, 80. 

y-Hydroxyvaleraldehyde exists practically entirely in the cycZo-form, 
CHa'CH-CHg'CHa-CHOH, b.p. 64°/10 mm., and is obtained by breakdown of 
I 0 1 

the ozonide of methylheptenol (Ber. 52, 1123). The methyl semiacetal boils at 
116-118®/755 mm. Derivatives of the open chain aldehyde form have been 
obtained by other methods and are totally different from the derivatives of the 
cycZo-form (Ber. 52, 1800). 

y-Hydroxycapraldehyde, b.p. 77-80®/! 1 mm., obtained from allylacetic 
acid, also exists in the cyclic form, as is shown by its molecular refraction, forma- 
tion of semiacetals and slow reddening of fuchsin sulphurous acid. Methyl 
semiacctdl, b.p. 139-145°/760 mm. 

8-Hydroxycapraldehyde, b.p. 71-78°/ll mm., also exists in the cyclic form, 
but gradually passes into the open chain form in various reactions. Preparation, 
see Ber. 55, 702. Methyl semiacrtal, b.p. 72-76®/110 mm. 

y-Hydroxynonadecaldehyde (Synthesis, Ber. 56, 2088) has been isolated 
in the two forms ; 

CisHai-OHOH CHj-CHa-CHO, m.p. <40®; CigHai-CH-CHa'CHa-CHOH (Cyclic 



form), m.p. 64°. The cyclic form does not redden fuchsin sulphurous acid even 
on long standing. 

NITROGEN DERIVATIVES OF THE HYDROXYALDEHYDES 

Nitroaldehydes. — Nitroacetaldehyde itself is unknown. Its diethylacetal 
N02*CH2-CH(0Et)2, b.p. 90°/14 mm., has been obtained not quite pure by the 
interaction of silver nitrite and iodoacetal (Ber. 42 , 4044). The oocime of nitro- 
acetaldehyde is the so-called methazonic acid, NOg’CHgDH : NOH, which is 
formed by the condensation of two molecules of nitromethane under the action 
of alkali,* with loss of a molecule of water. Concentrated sulphuric acid converts 
methazonic acid into isocy&nilic acid (Ann. 444 , 15 : see p. 294). By the action 
of thionyl chloride on its ethereal solution, methazonic acid is converted into 
nitroacetomtrile, and by heating with alkali, it is converted into nitroacetic acid 
(J. pr. Chem. [2], 81, 135; 83, 453). Phenylhydrazine and aniline produce 
respectively the pheyiylhydrazone, N02*CHg*CH : N-NHC^H^, m.p. 74®, and anil, 
N02*CH2*CH ; NC^Hs, m.p. 95°, of nitroacetaldehyde (Ber. 40 , 3435). 

It is justifiable, on systematic grounds, to include in this section the aldol-like 
condensation products of aldehydes with potassium dinitromethane (p. 185) : 

CHaO + CH(NOj) : NOOH J CHa(OH)'C(NOj) : NOjH. 

oci-Binitromethane. aci-Dinitro-ethyl alcohol. 

The resulting potassium salts form yellow crystals, which, as such or in aqueous 
solution, decompose into their components on being heated. The free acids are 
strongly acid, easily decomposable oils. Similar condensation products, e.p. 
aa-dinitro^alkylamines, are also obtained from the aldehyde-ammonias or amino- 
compounds and dinitromethane ; 

CH3CH(NH2)0H + CH2(N02)2 > CH3-CH(NH2)CH(N02)2 

cax-Dinitro-iS-aminopropane. 

(CH3)2NCH20H -f CH2{N02)3 ^ (CH3)2N-CH2-CH(N02)2. 

aa-DinitrO“i3-dimethyIaminoethaiie. 

These bodies are more stable, probably on account of their forming cyclic 
internal salts (comp. p. 380) between the acid nitro- and the amino-groups 
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(Ber. 38, 2031, 2040). Finally, formaldehyde and acetaldehyde unite with 
nitrobromomethane (p. 182) to form, respectively, oL-nitrobromoethyl alcohol ^ 
NOg'CHBr'CHaOH, b.p. 147°/45 mm., and fX’nitro-hroTmiBopro'pyl alcohol, NO^- 
CHBr-CH(OH)CHa, b.p. 149742 mm. (C. 1899, I. 179). 

Aldehyde- Ammonias. — Ammonia gas converts aldol in ethereal solution 
into aldol-ammonia, 04H802*NH3, a thick syrup, soluble in water. When heated 
with ammonia the bases, CgHisNOa, CgHigNO, oxytetraldine (p. 254), and 
collidine, CsH2N(CH3)3, are formed. With aniline aldol forms methylquinoline. 
(Cy. alkylideneanilines : Vol. III.) 

Aminoaldehydes : Aminoacetaldehyde, [ethanalamine], NHa’CHaCHO, 
is obtained as a deliquescent hydrochloride when amimacetal, NH2*CH2(OC2H5)2, 
b.p. 163®, is treated with cold, concentrated hydrochloric acid. Aminoacetal 
is produced together with diaceialylamine, NH[CH2*CH(OEt)2]2, and triacetalyl- 
amine, N[CH2*CH(OEt)2]3, when chloroacetal is treated with ammonia (Ber. 25, 
2355 : 27, 3093 : Ann. 363, 169). Aminoacetaldehyde is also obtained from 
allylamine by the splitting action of ozone (comp. p. 106, etc.) (Ber. 37, 612) : 

CHj : CH-CHjNHj — ^ CHjO + OCH-CHj-NHj. 

By oxidation with mercuric chloride, aminoacetaldehyde yields pyrazine, 
(Ber. 26, 1830, 2207). 

Alkylaminoacetals, see C. 1908, II. 229. Dialkylamhioacetals, dialkylamino- 
acetaldehydes, and trialkylamrmnmm salts, see Ber. 30, 1504. 

Hydrazinoacctaldchyde, Ber. 27, 2203. Azidoacetaldehyde, NaCHg-CHO, J.C.S. 
93, 1865. 


Betaine aldehyde, (CH3)3N*CH2CH6(0H) (?) (Ber, 27, 165), is different from 
muscarine, p. 379), which occurs in fly agaric (Agaricus muscarius), 

isoMuscarine, H0*CHaCH(0H)N(CH3)30H (?), is obtained from the addition 
product of HCiO and neurine (p. 380) with silver oxide (Arm. 267, 632, 291). 

a-Aminopropionaldehyde, CH3CH(NHa)CHO, is obtained by the action of 
ozone on a-styryl ethylamine (Ber. 37, 615). d-a-Aminopropioneddehyde acetal, 
CH3*CHNH2*CH(OEt), b.p. 65°/U mm., is obtained by reduction of d-alanine 
ester by sodium amalgam (Ann. 366, 7). 

/3-Aminopropionaldehyde, NHaCHg-CHa-CHO, is obtained as a salt by the 
breaking down of its acetal, NH2CH2*CH2CH( 003115)2, b.p. 80®/18 mm., which, in 
turn, is produced from |3>chloropropionic acetal (p. 240), by digestion with 
alcoholic ammonia. At the same time there is formed iminodipropionic acetal, 
HN[CHaCH2CH(OC2H5)2]2» b.p. 157®/15 mm., which on hydrolysis yields iminodi- 
propionic aldehyde, a substance which undergoes ring-condensation to form 
jS-tetrahydropyridinealdehyde (Ber. 38, 4162) (Vol. Ill) : 

NH^CHa-CHa-CHO NH-CHa-CCHO 

i i II 

CHa'CHaCHO CHa'CHa'OH 


y-Aminobutyric acetal, NH2 CH2CH2 CH2CH(OC2Hg)2, b.p. 196®, results 
from the reduction of j8-cyanoprop ionic acetal by sodium and alcohol. Its 
benzenesulphonyl derivative condenses spontaneously forming N-ficnsene^i^Zp/io-a- 
ethoxypyrroUditie, which is reduced to pyrrolidine by sodium and amyl alcohol 
(Ber. 38, 4157) : 


CgHs-SOa-NH-OHax 

(C2H50)2CH*CH2/ 


CgHgSOaN-CHax 

/ >CH2 
CaHgOCH-CHa/ 
HNCHgV 
1 XJHa. 
HaC-CHa/ 


S-Aminovaleric aldehyde, NHaCHaCHaCHaCHaCHO, and its homologues 
were thought to have been produced by the oxidation of piperidine (p. 386 
and Vol. Ill) with HgOa ; but this is now known to yield piperidine oxide, 

31. 2687). 



KETONE-ALCOHOLS OR KETOLS 


393 


3. KETONE-ALCOHOLS OR KETOLS 

The ketone alcohols or ketols are distinguished, according to the 
position of the alcohol or ketone groups, as a- or 1 : 2-, j8- or 1 : 3-, y- 
or 1 : 4-ketols, etc. The position of these two groups, with reference 
to each other, influences the chemical character of these bodies more 
than the type of alcohol group (whether primary, secondary, or 
tertiary). These alcohols show simultaneously the character of 
alcohols and of ketones. Like the hydroxyaldehydes (p. 389) the 
hydroxyketones exist in cyclic forms as well as the normal open 
chain forms. 

A. SATURATED KETOLS 
a- or 1 : 2’Ketols 

These are characterized by their ready oxidizability ; they reduce 
Fehling’s solution and ammoniacal silver solutions. The 1 : 2 ketols 
react with phenylhydrazine to produce osazones (diphenylhydrazones 
of 1 : 2-ketoaldehydes or diketones), the hydroxy group being oxidized 
to a ketonic group by excess of phenylhydrazine (c/. Hexoses). 

Hydroxyacetone, acetyUarhinol, acetone alcohol ^ 'pyruvic alcohol^ CHg-CO- 
CH^OH, b.p. 145-146°, b.p. 54°/18 mm., is produced by the following reactions : 

U) From chloro- or bromoacetone, best by heating them with potassium 
formate and methyl alcohol, when the first-formed acetol formate is alcoholysed 
by the methyl alcohol. 

(2) Hydroxyacetone is formed instead of the expected lactaldehyde when 
a-bromopropionaldehyde is treated with potassium format© and methyl alcohol, 
or when a-acetoxypropionaldehyd© is hydrolysed. It is also obtained when 
lactaldehyde is distilled under atmospheric pressure. These changes can he 
represented by the following scheme : 

CHa-CHOH-CHO 0H3-0(OH) ; CH{OH) CHa-CO-CHaOH ; 

it is possible that the cyclic form CH 3 -CH*CH(OH) is involved. 

(3) From propylene glycol and the Sorbose bacterium, or by careful oxidation 
with bromine water (C. 1899, II. 475: 1900, I. 280). 

(4) If glycerol vapour is passed over pumice-stone at 430-450° some acetol 
is formed. 

(5) When sucrose or dextrose is fused with potassium hydroxide, acetol 
results (Ber. 16, 834). 

Acetol reacts acid (C. 1905, II. 29). Reduction with aluminium amalgam 
yields propylene glycol (p. 363) and acetone (C. 1903, I. 132). Acetol shows 
a strong reducing action : aqueous copper acetate oxidizes it normally to pyruvic 
aldehyde, CHa-CO CHO (Am. Chem. J. 38, 583), but when oxidized by the oxides 
of Cu, Hg, Fe, it is converted into lactic acid, with the probable intermediate 
formation of pyruvic aldehyde : 

CHjCO CHjOH — ^ [CH,CO-CHO] CHsCH(OH)COOH. 

Permanganate, chromic acid, and the like, oxidize acetol into acetic and 
formic acids (C. 1905, I. 19). 

Methyl alcohol containing a trace of hydrochloric or acetic acid converts 
acetol into bis-acetol methyl alcoholate, 

130°, b.p. 196°. Acetol ethyl ether, CHsCOCHs-O’CaHg, b.p. 128°, is prepared 
from propargyl ethyl ether (p. 158), or synthetically, from ethoxyaeetonitrile, 
CgHgOCH^CN, and methyl magnesium iodide. Similar homologous ethoxymethyl 
alkyl ketones (C. 1907, I. 872) may be obtained. On the formation of such 
ketones from halogen acetoacetic esters, see Ber. 21, 2648. Acetol formate, 
HCOO^CHgCOCHa, b.p. 169°, and higher esters, see C, 1905, II. 754. Chloro-, 
bromo-, iodo-acetone (p. 265) are the haloid esters of acefyl carbinol. 
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Propionyl carbinol, ethyl ketol, butan-oL'ol-p-one, OHaOHaCO'CHaOH, b.p. 
160®, is obtained from chloromethyl ethyl ketone, ClCHgCOCHaCHg ; also from 
tetrinic acid (q.v.) by the loss of COg on boiling with water. It is oxidized by 
Fehling’s solution to a-hydroxybutyric acid (C. 1905, II. 116). 

The secondary and tertiary ketone alcohols are obtained by the following 
reactions : 

(1) By the reduction of a-diketones. 

(2) The esters of the fatty acids in. ethereal or benzene solution undergo a 
so-called acyloin condensation under the influence of sodium, yielding hydroxy- 
aldehydes containing the group •CH(OH)'CO* united to two identical alkyl 
groups (C. 1906, II. 1113: c/. Benzoin condensation of aromatic aldehydes, 
Vol. II). The reaction-mechanism of the acyloin condensation is discussed in 
Ann. 434, 265. 

2B-COOEt+4Na 2NaOEt-f R-C{ONa) : C(ONa)-R R-CH(OH)-CO-R 

(3) The esters of the olefine glycols produced by the action of sodium on 
acid chlorides (see p. 365) yield acyloins on hydrolysis. 

4R-COCI + 4Na >-4NaCl + R*C(0-COR) : C(0*C0R)-R >-R CH(OH)*CO-R 

(4) The organo magnesium compounds produced by the action of magnesium 
alkyl halides on aldehyde or ketone cyanohydrins yield secondary and tertiary 
ketone alcohols on decomposition with water or dilute acids (Compt. rend. 152, 
HOC, 1256): 

IfgR'Br 

R-CH(OH)-CN > R-CH(OMgBr)-CR' : NMgBr ^ R-CH(OH)-CO*R'. 

(5) Tertiary keto alcohols are obtained by the action of magnesium alkyl 
halides on the monophenylhydrazones of a-diketones, followed by hydrolysis of 
the product (Ber. 44, 403). 

Acetylmethylcarbinol, dimethylketol^ aeetoini hutan-^-ol-y-^one^ CHsCH- 
(0H)C0CH8, b.p. 148®, is produced in small quantities from acetic ester in 
ethereal or benzene solution by means of sodium. Also, from methyl chloroethyl 
ketone, CHsCOCHClCHa ,* from j3y-butylene glycol (p. 363) by the action of 
the Sorbose bacterium or Mycoderma aoeU ; and from various carbohydrates by 
the Bacillus tartnms (C. 1901, I. 878 ; 1905, 11. 117 : 1906, 11. 1113). It is 
prepared from diacetyl (p. 402) by reduction with zinc and sulphuric acid (Ber. 
40, 4338), It polymerizes spontaneously to a dimeric Jorm, (C4Hg02)a» 

(Ber. 40, 4336 : 63, 416). 

Acetylethylcarbinoljpenton-y-o^-jS-one, Me*CO*CH(OH)*Et, b.p. 77®/35mm., 
is obtained from nentane-flv-dione (Ber. 23, 2425). 

Propionylmetbylcarbinol, pen«aw-jS-oZ-y-one, Et-CO‘CH (OH )'Me, b.p.63®/20 
mm., is obtained according to method 4. 

Acetyldimethylcarbinol, trimethylhetol^ p-methylbuian-p-ol-y-one, Me-CO- 
C(OH)Me 2 , b.p. 142®, is obtained by method 5. 

According to the above methods, 2 and 3, the following compounds can also 
be prepared : Propionoin, 02H5COCH(OH)C2Hs, b.p. 73®/20 mm. Butyroin, 
b.p, 85®/10 mm. isoButyroin, b.p. 83®/26 mm. Valeroin, b.p. 156®/ 12 mm. 
Pivaloin, (CH 3 ) 3 CCO‘CH(OH)C(CH 3 ) 3 , m.p. 81®, b.p. 80®/10 mm. Capronoin, 
b.p. 131®/8 mm. These keto-alcohols are reduced by sodium and alcohol partially 
to the glycols and partially to secondary alcohols. Heated with finely divided 
copper they yield a-diketones ; concentrated potassium hydroxide solution with 
atmospheric oxygen converts them partially to tertiary alcohol acids (comp, the 
BenzUic acid traiisjormation, Vol. II) (0. 1906, II. 1114 : Ber. 31, 1217). 

. P- or I : Z-Ketols 

j^-Acetoethyl Alcohol, Butan-(x-ol-y-one, CH8’CO*CH2CH20H, b.p. 110®/ 
30 mm., is obtained by condensation of acetone with formaldehyde under the 
action of mild alkalis (D.B.P. 223207 : C. 1910, II, 347). On keeping, it 
polymerizes. 

When the aldol condensation (p, 390) is carried out with aldehyde or chloral 
and acetone, methyl ethyl ketone and methyl isopropyl ketone by means of 
potassium cyanide, the following compounds result (Ber. 25, 3166 : C. 1897, 
I. 1018 : 1905, II. 752) ; Bydraceiylacetonef 8-hydroxy-j3-ketopentane, CHaCH- 
(0H)*CH,*C0CH3, b.p. 176®. Ckhralacetone, CGl 3 CH(OH)CH 2 COCH 8 , m.p. 75®. 
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y-Methylpentan-p-ol’h-one, CH 8 CH(OH)CH{CH 3 )COOH 8 , b.p. 187°. yy-Dimethyh 
pentan‘^’Ol-b-one> CH 8 CH(OH)C(CH 3 ) 2 COCH 8 ‘, b.p, 80°/10 mm., gives on oxidation 
meso-dimethylacetylacetone (p. 403). 

Diacetone alcohol, (CH 8 ) 2 C(OH)CH 2 COCH 3 , b.p. 164°, is obtained from 
diacetonamine (p. 274) and nitrous acid ; also when two molecules of acetone 
are condensed by concentrated sodium hydroxide solution (Z. physik. Chem. 
33, 129) or calcium hydroxide (J.A.C.S. 31, 722 : D.E.P. 229678 : C. 1911, I. 
275), or by treating mesityl oxide with cold 1% hydrochloric acid (Meer- 
wein). When heated with alkali or treated with fairly concentrated acid it is 
hydrolysed into two molecules of acetone. 

Mesityl oxide sesquimercaptol, (CH 3 ) 2 C(SC 2 H 5 )CH 2 *C(SC 2 H 5 ) 2 CH 3 , can be 
looked on as being a derivative of diacetone alcohol. It is prepared from mesityl 
oxide, mercaptan, and HCl, and is an oil. Oxidation changes it into the trisul- 
phone, (CH3)2C(S02C2H5)*CH2-C(S02C2H6)2CH3, m.p. 100° (Ber. 34, 1398). A 
series of further derivatives of diacetone alcohol, such as diacetone hydroxyl- 
amine, jS-nitroso- and j3-nitro -isopropyl acetone have been dealt with (p. 275) 
in connection with mesityl oxide. 

The 1 : 3-ketoalcohols pass into unsaturated ketones when dehydrated. 
Thus, diacetone alcohol yields mesityl oxide (p. 273). In the case of Q^ewt-dialkyl 
compounds, this reaction is sometimes accompanied by migration of an alkyl 
group (C. 1908, II. 395) : 

CHaOH-CMeg-CO-Et > Me-CH : CMe CO-Et -f Kfi, 

|3-Acyloxyketones are obtained synthetically by treatment of jS-acyloxyacid 
chlorides with zinc alkyls (C. 1908, I. 1530 : 1909, I. 638). 


y- or 1 : 4:-Ketols and 6- or 1: ^-Ketols 

Representatives of these are obtained from the products of reaction of 
ethylene bromide and trimethylene bromide on sodium acetoacetic ester, by 
boiling with hydrochloric acid (Ber. 19., 2844 : 21, 2647 : 22, 1196, R. 572): 

COgCaHs 2 H ,0 COa + CgHgOH 

1 > 

CHa-CO-CH-CHaOHaBr CHsCO-CHaOHgCHaOH + HBr 

Bromoethylacetoacetic ester. Acetopropyl alcohol. 


COaCaHs 2H,0 COa + C 2 H 5 OH 

1 — ^ 

CHa-OO-CH'CHaCHaCHaBr CHsCOCHaCHaCHaCHaOH + HBr. 

Bromopropylacetoacetic ester. Acetobutyl alcohol. 

y-Acetopropyl alcohol, CHa-CO OHaOHaCHaOH, b.p. 208°, with decom- 
position (C. 1903, II. 551). 

S-Acetobutyl alcohol, or CH 3 -C(OH)-[CH 2 ] 8 -CHa, 

1 o ■' 

dec. about 155°. Methyl semmceial, b.p. 76°/99 mm. (Ber. 55, 1390). 

Both these compounds lose water when heated and form oxides of olefine 
glycols (see below). They do not reduce an ammoniacal copper solution, but 
yield the corresponding ketonic acids, lavulinic and y-acetobutyric, when oxidized 
with chromic acid. On reduction they yield the corresponding glycols. Hydro- 
bromic acid converts them into methyl bromopropyl ketone, CHs*CO*OHaOH 2 CHaBr, 
and methyl bromobutyl ketone, OH 8 ‘C^*^®^ 2 ^HaCH 2 CHaBr, b.p. 216°. These 
bromides are converted by ammonia into cyclic imides (Ber. 25, 2190), similarly 
to the y-diketones (p. 404). This reaction links the open, aliphatic compounds 
with the pyrrole and pyridine derivatives : 


CHa-OHa 

(!jH! C(0Hj)/° 

Methyldihydrofurfuran, 

CHa-CHa-CHa CHa-CHa'CHa'OH 

<!ih,-co-ch, 

Methyldihydropyran. 


CHa-CHaBr nh. CHa’CHa ^ 

. I V 1 ^NH 

CHs-CO-CHb CH : C(CH3)/ 

Methyldihydropyrroie. 

CH-CHa-CHaBr ra, CHa’CHa'CHa 




COCH. 


: 0 (CHj)NH 

TetrahydropicoUne, 


y-Methyl-yacetobutyl alcohol, see Ber. 32, 61. 
Hexan-jS-ol-c-one, Me-CO.[CHa]*CH{OH)Me, see Ber. 42, 1960. 
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B. OLEFINE KETOLS 

M ethoxy mesityl oxide, {CH 3 )aC : C(OCH 3 )COCH 3 , b.p» 168°, and acetoxy mesityl 
oxide, (CH 3 ) 2 C : C(OCOCH 3 )*COCH 3 , b.p. 74°/12 mm., are derived from an olefine 
a-ketol, and are prepared from bromomesityl oxide. Hydrolysis produces 
acetoxymesityl oxide and acetyh’sobut 5 rryl respectively (p. 402) (Ber. 33, 500)* 

Hydroxymethylene Ketones. — Compounds of this class are obtained from 
the ketones R^CO-CHg and R-CO-CHaR' and formic ester in the presence of 
sodium ethoxide, accompanied by the loss of alcohol : 

Of! IT CaHsONa 

H<q + CHsCOCHg CH3COCH : CHONa + CgHgOH. 

These substances were at first thought to be j8-keto-aldehydes. However, their 
pronounced acid character has shown that they should be regarded as the tauto- 
meric hydroxymethylene ketones {Claisen, Ber. 20, 2191 : 21, R. 915: 22, 
533, 3273 ; 25,1 78). These compounds can be described as oci-aldehyde ketones 
or aci-formyl ketones (comp. p. 50). They dissolve in alkali carbonate solutions 
forming stable salts, and give green-coloured precipitates with copper acetate 
(Ber. 22, 1018). Acetic anhydride and benzoyl chloride convert them readily 
into neutral acetates and benzoates, insoluble in alkalis. Their alkali derivatives 
and ethyl iodide yield ethoxymethylcne ketones, which are saponified by alcoholic 
alkalis, like the ethers of organic carboxylic acids. These compounds, — CO*CH 
=CH-OH, are exceptions to the rule of Erlenmeyer (p. 46), according to which 
the complex >C=CHOH present in open chains becomes rearranged into the 
aldehyde form >CH*CHO. 

The alkoxymethylene group — c.g. CgHsO-CH : — may be introduced by means 
of orthoformic ester and acetic anhydride into compounds which contain the 
grouping, — CO'CHg'CO — (Ber. 26, 2729), e,g. into acetylacetone, acetoacetic 
ester and malonic ester. The compounds which result will be described sub- 
sequently in their proper places. 

Hydroxymethyleneacetone, aci-forjnyl acetone, &ci-acetoacetic aldehyde, 
CHaCO'CHssCHOH, b.p. about 100°, readily condenses in solution to 1:3:5- 
triacetylbenzene, C 6 H 3 (CO‘CH 3)3 (g.v.). Hydrazine converts it into 3-methyl- 
pyrazole, and phenylhydrazine into l-phenyl-3-methylpyrazole Hy- 

droxymethylenediethyl ketone, C 2 H 5 CO-C(CHa)~CHOH, m.p. 40°, b.p. 164- 
166°. ac^-Diethylacetylacetaldehyde, (C 2 H 5 ) 2 CHCOCH : CHOH, b.p. 174°. 
aci-Trimethylacetylacetaldehyde, (CH 3 ) 3 CCOCH : CHOH, b.p. 148°. acidso- 
Valerylacetaldehyde, (GH 3 ) 2 CH-CH 2 COCH : CHOH, b.p. 52°/10 mm. aci-iso- 
Caproylacetaldehyde, CgHjiCOCH ; CHOH, cannot be distilled without decom- 
position even in vacuo (0. 1905, II. 393). 

Diolefme ketols, such as CMeg : OH’CO*CH : CHOH, are obtained by con- 
densing unsaturated ketones with formic esters (Compt. rend. 150, 705). 

NITROGEN-CONTAINING DERIVATIVES OF THE KETONE- 

ALCOHOLS 

As in the case of the simple ketones, the ketone-alcohols can frequently be 
characterized through their semicarbazones, oximes, and phenyihydrazones (comp, 
pp. 268, 269). It has, however, already been pointed out that the a-ketols, 
combining with phenylhydrazine, easily yield the osazones of the a-diketones. 
The j8-hydroxymethyleno ketones react with hydroxylamine and hydrazine, as 
do the j3-diketones (p. 407) forming the cyclic compounds isoxazoles and pyrazoles. 

Those derivatives of the ketone -alcohols, in which the hydroxyl group has 
been replaced by a nitrogen group, have been most conveniently collected into 
the following series of compounds. 

Nitroketones 

Nitroacetone, CHgCOCHa-NOa, b.p. 152°, is prepared by oxidation of 
nitroisopropyl alcohol (Ber. 32, 865). An apparently isomeric nitroacetone, m.p. 
49°, is obtained from iodo-acetone and silver nitrite (Ber. 32, 3179) ; both sub- 
stances are acid in character. Aniline reacts with nitroacetone (m.p. 49°) forming 
the anil, CH 3 C(:NCflH 5 )CHaNOa, m.p. 87°, which can also be obtained from 
mtritomesityl dioxime peroxide (p. 275) and aniline acetate (Ann. 319. 230). 
On nitroiflopropylacetone, see p. 275. 
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Pp-Chhronitropropanol, CH3-CC1(N02)*CH20H, m.p. 13°, b.p. 115744 mm., 
is obtained from aa-ohloronitroethane and formaldehyde, p^-Bromonitro- 
propanol, m.p. 42°. 

P^-CMoronitro^oi^butanol, C2H5-CC1(N02)-CH20H, b.p. 145-150° (C. 1897, II. 
338 : 1898, I. 194). 

^^y-Trinitro-§-rriethylbutane, Me2C(N02)*C(N02)2Et, m.p. 95°, is obtained from 
^aopentane and nitric acid (Ber. 32, 1443). 

Aminoketones 

Saturated aminoketones are obtained by the action of ammonia or amines 
on the halogen ketones. Aminoketones (chiefly the j8-derivatives) are also 
obtained by the addition of ammonia to a)S-olefine ketones and a-aminoketones 
are obtained by the reduction of isonitrosoketones with stannous chloride (Ber. 
30, 1515 : 32, 1095). 

Aminoacetone, CH 4 *CO*CH 2 NH 2 , is formed by the reduction of i^onitroso- 
aeetone or of nitroacetone (m.p. 49°). Its hydrochloride is obtained by heating 
with hydrochloric acid the compound CgHjoNa which is obtained by the hydrolysis 
of phthalimidoacetone (Ber. 38, 752). 

Dimethylaminoacetone, CHa'CO-CHgNMca, b.p. 123°. Diethylaminoacetone, 
b.p. 153° (Ber. 29, 866). Acetonyltrimethylammo7imm chloride, CH 3 ‘CO*CH 2 - 
NMejCl, coprin, is formed from ehloroacetone and trimethylamine. It has a 
physiological action similar to that of curare (0. 1898, II. 631). 

Aminosulphonal, aininoacetonediethyl sulphone, NH2*CH2*C(S02Et)2-CH, 
m.p. 94°, is obtained by the hydrolysis of phthalimidosulphonal. The latter is 
obtained by the oxidation of the ethylmereaptole formed from phthalimido- 
acetone, ethyl mercaptan and hydrochloric acid (Ber. 32, 2749). 

By the action of mercuric chloride the a-aminoketones are oxidized to pyrazine 
derivatives, e.g. aminiacetone yields dimethylpyrazine (Ber. 27, R. 928). The 
aminoketone hydrochlorides react with potassium cyanate to form iminazolones, 
while potassium thiocyanate yields thioliminazoles. These heterocyclic com- 
pounds are described in Vol. Ill (c/. Ber. 27, 1942, 2036). 

Unsaturated j8-aminoketones are obtained by the action of ammonia or 
amines on acetylacetone (p. 403]^ (Ber. 26, R. 290). Acetylacetoneamine, CHg- 
CO'CH : C(NH 2 )-CH 3 , m.p. 43°J'b.p. 209°. Acetylacetoneethyl- and -diethylamines, 
CHa-CO-GH : C(NHEt or NEt 2 )-CH 3 , b.p. 210-215° and 155°/24 mm. 

Triacetonyltriaminetrioxime, N(CH 2 *C( :KOH)-CH 3 ) 3 , m.p. 184°, is ob- 
tained from ehloroacetone oxime and ammonia (Ber. 31, 2396). 





DIALDEHYDES, KETOALDEHYDES AND 
DIKETONES 

The dialdehydes, ketone aldehydes, and diketones constitute a 
closely united series of compounds, connected together by many 
characteristics. They are subdivided according to the position of 
the two CO groups relatively to each other : a- or 1 : 2-, jS- or 1 : 3-, y- 
or 1 : 4-, <3- or 1 : 5-, diketo-compounds, of which the characteristic 
reactions will be described amongst the diketones (pp. 401 et seqq.), 

4. DIALDEHYDES 

Glyoxal, oxaldehyde, diformyl [ethane-dial], CHO'CHO, m.p. about 15°, 
b.p. 51°, D 20 = 1*14, was discovered by Debus in 1856. It is the dialdehyde o,£ 
ethylene glycol and of oxalic acid. 

Glyoxal, glycollic acid and glyoxylic acid are formed by the careful oxidation 
of ethylene glycol, ethyl alcohol (Ber. 14, 2685 ; 17, R. 168), or acetaldehyde 
with nitric acid. It can also be formed from dihydroxytartaric acid by the 
interaction of its sodium salt and sodium bisulphite (Ber. 24, 3235). It is best 
obtained from “ glyoxal sulphate ” which is obtained technically by the 

action of fuming siphurio acid on tetrahalogenethanes, by heating with water 
(D,R.P, 362743 ; C. 1923, 11. 743). Acetylene is converted by very dilute ozone 
into glyoxal (Chem. Ztg. 44, 157). Glyoxal is also obtained by the breakdown 
of a^-unsaturated aldehydes by ozone, and can thus be prepared by warming 
cinnamaldehyde ozonide (see Vol. 11) with water. 

By this means a trimeric glyoxal (CHO-CHO)^ is obtained, whilst the other 
methods result in the production of a pol 3 rmerio paraglyoocal, (CHO*CHO)«, when 
the aqueous solution of glyoxal is evaporated. This amorphous powder melts 
with difficulty. When heated with P 3 OS it is converted into the mommolecular 
glyoxal, in the form of golden yellow crystals and a yellow-green vapour, with 
the pungent odour of formaldehyde. It dissolves in non-aqueous solvents to a 
yellow solution. The colours are characteristic, since aU bodies which contain the 
— CO*CO — possess a more or less strongly developed colour, usually 
yellow to orange. In a small quantity of water glyoxal polymerizes to para- 
glyoxal ; in more water, it dissolves with a generation of heat to the mono- 
molecular colourless hydrate, HCO-CH(OH )2 or (H 0 ) 2 CH*CH( 0 H) 3 . The aqueous 
solutions of the various modifications all give the same reactions, except with 
Pehling’s solution, which is reduced only by the trimeric glyoxal (Harries, Ber. 
40, 165). 

Beactions, — ^The alkalis convert it, even in the cold, into glycollic acid. In 
this change the one CHO group is reduced, whilst the other is oxidized (comp. 
Benzil and Benzilic acid, Vol. II) : 

CHO CH 2 OH 

1 + H 2 O == I 

CHO COH 

It reduces ammoniacal silver solution with the formation of a mirror, and 
unites with two molecules of sodium hydrogen sulphite to form a crystalline 
glyoxal sodium sutphite, + HaO. Ethyl alcohol and a little 

HCl give rise to glyoxal tetraethyl acetal, (C 2 H 50 ) 3 CH-CH( 0 C 2 H 6 ) 2 , b.p. 89°/14 
mm. (Ber. 40, 171). Similarly, glyoxal and glycol form glyoxal diethylem acetal, 
C 2 H 4 : 02 CH*CH 03 ; CjH*, m.p. 134° (Ber. 28, R. 321). 
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Glyoxal bisulphite reacts smoothly with primary and secondary amines to 
form glycine derivatives or indolesulphonic acids (Vol. Ill), according to the 
nature of the reacting base (Ber. 27, 3258). 

Glyoxal reacts with concentrated ammonia with the formation of the two 
heterocyclic bases glycosine (Ann. 456, 253) and glyoxaline (Ann. 277, 336). 
Glyoxaline is formed more easily from glyoxal, two mols. of ammonia and 
formaldehyde (see Vol. III). 

CH— NHv CH— NHv 

Glycosine. Glyoxaline. 

Glyoxal reacts with o-phenylenediamine like the a-diketones (p. 401) with 
formation of quinoxaline. 

Glyoxal combines with two molecules of hydrocyanic acid to yield the dinitrile 
of racemic acid. 

On the condensation of glyoxal with malonic ester and acetoacetic ester, see 
Ber. 21, R. 636. 

Glyoxime (see p. 407), glyoxal osazone (see p. 409). Urea combines with 
glyoxal to form glycoluril \q.v.), a diureide. 

Acetaldehydedisulphonic acid, CH 0 -CH(S 03 H) 2 , can be considered as being a 
derivative of glyoxal. It is prepared (1) in the form of its bisulphite compound, 
when chloral is warmed with potassium sulphite ; (2) by the saturation of fuming 
sulphuric acid with acetylene (comp. pp. 110, 247) ; (3) by the action of fuming 
sulphuric acid on acetaldehyde (C. 1902, I. 405). By warming with alkalis it 
passes smoothly into the salts of formic and methionic acids (Ann. 303, 114). 
The dialkylamides of acetaldehydedisulphonic acid are obtained from sodium 
methionic dialkylamides and formic ester: 


HCOOCHa + NaCH(S02NR2)2 ^ HC0-CH(S02NR2)8 or 

HOCH ; C(S02NR2)2. 

Further derivatives of glyoxal are those which result from the action of 2HC10, 
2HBrO, and 2Br2 on acetylene — dichhroacetaldehyde, CHClaCHO, dibromoacei- 
aldehyde, CHBrgCHO (comp. p. 240). 

Malondialdehyde, 0H2(CHO),2, has not yet been isolated. A derivative of 
its tautomeric hydroxymethylene form, CHOH : CH-CHO, is ethoxyacrolein acetal, 
EtO*CH : CH*CH(OEt) 2 , which is obtained by heating propargyl acetal with 
alcoholic sodium ethoxide. Similarly, the derivative ^-anUinoacrolein anil, 
CsHgNHCH : CH-CH : NCgHg, is obtained from propiolaldehyde and aniline 
hydrochloride (Ber. 36, 3668). 

Propane tetraethyl sulphone, CH2[CH(S02C2H6)2]2» m.p. 154®, is derivable 
from malonic dialdehyde, and is synthetically prepared by the condensation of 
formaldehyde with two molecules of methylene diethyl sulphone (p. 247) (Ber. 33, 
1123). 

Succindialdehyde [butanedial], CHO-CHg-CHg-CHO, b.p. 67®/10 mm., can 
be obtained from diallyl (p. 117) by means of ozone ; but is most conveniently 
prepared by the action of on its dioxime (p, 408), which is obtained from 
pyrrole. It is isomeric with butyrolactone (p. 427), and can be looked on as 
being a hydrate of furfuran, from which it can be obtained by the action of HCl 
in methyl alcohol, in the form of its tetramethyl acetal, CH(OCH 3 ) 2 CH 2 CH(OCH 5 ) 2 , 
b.p. 202®. The tetraethyl acetal, b.p. 116®/20 mm., results from the electrolysis 
of the sodium salt of jS-diethoxypropionic acid (C 2 H 50 ) 2 CHCH 2 COOK {Ber. 39, 
891). Sqccindialdehyde polymerizes readily to a glassy substance from which 
it is regenerated on distillation (Harries, Ber. 35, 1183 : 39, 3670). When heated 
with water it forms furfuran, with ammonia pyrrole, and with PgSg thiophene 
(comp. 1 : 4-Diketones, p. 404). 

Dibromosuccinaldehyde, HCO*CHBr*CHBr*CHO, m.p. 73°, is prepared from 
the aldehyde and bromine. Bromofumaraldehyde, HCO-CH ; CBrCJHO, b.p. 
130°/15 mm., is obtained by distillation of the previous compound. 

On the breaking down of furfuran into nitrosucciimldehyde, and the conversion 
of the latter, by boiling with water, mto fumaric dialdehyde, CHOUH ; CH-CHO, 
see C. 1902, I. 1272. 

Modeinaldehyde tetraethylacetal is more readily accessible by reduction of the 
easily available acetylenedialdehyde diacetal (Ber. 45, 340). 
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DibroTnamaleinaldehydet CHO-CBr : CBr-CHO, m.p. 69°, is obtained from 
fiy-dibromopyrotartario acid and bromine water {Ann. 232, 89). 

Glutaric aldehyde, CHO‘[CH23 8*CHO, b.p. 188°/760 mm., is obtained by 
decomposition of cyc/opentanone ozonide. It forms a glassy polymer under the 
action of traces of water, and is volatile in steam (Ber, 41, 1705). 

Homologues of glutaric aldehyde are obtained by condensing aliphatic 
aldehydes with unsaturated aldehydes of the acrolein type by sodium ethoxide 
in alcoholic solution (Meerwein, Ber. 53, 1829). By prolonged action of the 
sodium ethoxide, the dialdehydes undergo isomerization into S-lactones, e.g : 

Et-CH : CMe-CHO Et CH-CHMe-CHO 

>. j (see p. 428). 

CHMea'CHO CMeaCHO 

The higher dialdehydes, from adipic aldehyde upwards, can be synthesized from 
the polymethylene diiodides, by converting them into the dinitro compounds 
with silver nitrite, reducing these to the dioximes and hydrolysing the latter 
(u. Braun, Ber. 44, 2526 : 46, 103). 

^ Adipic dialdehyde [hexan^mll, CHO-[CH2]4CHO, b.p. 93°/9 mm., is ob- 
tained from a, aj-dibydroxysuberic acid by oxidation with Pb02. Its tetraethyl- 
acetal, (EtO)2CH‘[CH2]4‘CH(OEt)2, b.p. 148°/10 mm., results from the electrolysis 
of the potassium salt of y-diethoxybutyric acid. The aldehyde polymerizes more 
slowly than the higher and lower homologues, although heating with water 
condenses it rapidly to cyc/opentenaldehyde (Vol. II) (Ber. 39, 891). 

Pimelic aldehyde {heptanedial), CHO*[CH235-CHO, b.p. 110-112°/33 mm. 
(Ber. 46, 108) ; Disemicarbazone, m.p. 183°. 

Suberic dialdehyde, octanedial, CHO[CH236CHO, b.p. 142°/30 mm., is 
prepared from dihydroxyadipic acid and Pb02. It polymerizes very easily (Ber. 
31, 2106). 

The oximes, hydrazones and osazones of the dialdehydes are described to- 
gether with the corresponding compounds of the aldehyde-ketones and diketones 
(p. 406). 

Acetylenedialdehyde diacetal, (EtO)2CH*C • C*CH(OEt)2,b.p. 126-128°/11 
mm., is obtained by the action of orthoformic ester on acetylene dimagnesium 
bromide (Ber. 45, 339). 


5. KETOALDEHYDES 

oc-Ketoaldehydes. — Pyruvic aldehyde, methylglyoxal [propanalone], CH3- 
CO'CHO, is a yellow volatile oil which is liberated from its monoxime, isonitroso- 
acetone by dilute acids. It is also obtained by ozonolysis of mesityl oxide, 
and by the action of alkalis on glucose (J. Biol. Chem. 15, 127). It is probably 
an intermediate product in the alcoholic fermentation of hexoses (p. 140). It 
is most readily prepared by heating dihytlroxyacetone with three times its 
weight of phosphorus pentoxide (Ber. 57, 1502). It polymerizes very easily, 

Methylglyoxal acetal, Me'CO*CH(OEt)2, b.p. 30°/10 mm. (Ber. 38, 1630). 

Derivatives include dichhroaceione, CH3COCHCI2, b.p. 120° (comp. p. 265), 
produced from allylene and 2HC10. Dibromoacetone, CH^COCHBra, b.p. 142°, 
results from allylene and 2HBrO. Similarly, dichloropinacoUn, (CHglaC-CO*- 
CHCIj, m.p. 51°, and dibromopinacoUn, {CH3)3C'C0CHBr2, m.p. 75°, are obtained 
from /frt.-butyl acetylene. These are derivatives of teTt.-butyl(jlyoxal (C. 1900, 
IL 29). 

Propanal disulphonic acid, CH3C(S03H)2CH0, is prepared from propionic 
aldehyde and fuming sulphuric acid (C. 1902, I. 405). 

tsoPropylglyoxal [y-methyl-butanal-jS-one3» (CH3)2CH‘COCHO, m.p. 95°, 
is produced from the acid OHO-CO-C(CH3)2*COOH by fusion or by boiling with 
water (Ber. 30, 861). 

jS-Ketoaldehydes, such as formyl acetone, CHs-COCHjCHO, have already 
been described (p. 396), since in the free state they assume the act- configuration, 
which leads to their inclusion with the jS-hydroxymethyieno ketones. 

y-Ketoaldehydes.— LaevuUnic aldehyde [pentanal-4-one], CH3-CO‘CH2*, 
CH2CHO, b.p. 187°/760 mm., b.p. 70°/12 mm., is obtained from its meihylal, 
b.p. 86°/13 mm., the reaction product of a boiling solution of hydrochloric acid 
in methyl alcohol on a-methyl furfural or sylvan (Ber. 31, 37). 
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8-Ketoaldehydes are obtained by condensation of aldehydes with a)S-iin- 
saturated ketones under the action of sodium ethylate, and readily isomerize 
to 8-lactones (see Glutaric aldehyde and p. 428). 


6; DIKETONES 

The relative position of the CO -groups determines them to be either a- or 
1 : 2-diketones, jS- or 1 ; 3-diketones, y- or 1 : 4-diketones, etc. 

The a-diketones are most generally designated as compounds of two acid 
radicals, e.g. diacetyl for CHaCO'COCHa ; the j8-diketones as acyl ketones, e.g, 
acetyl acetone, CHgCO-CHg-CO-CHg. 

The diketones react like the monoketones with hydroxylamine and phenyl- 
hydrazine. Their oximes, prepared in another manner, constitute the chief raw 
material from which to prepare the a-diketones. The nitrogen-containing 
derivatives of the diketones, the aldehyde ketones and dialdehydes will be dis- 
cussed after the diketones, because of their greater convenience in this position. 

For the mercaptole and sulphone formation of the diketones, see Ber. 35, 493. 


(1) a- or 1 : 2-Diketones 


These are obtained (1) from their monoximes, the isonitroso- 
ketones, by boiling the latter with dilute sulphuric acid (v. Pechmann) 
(Ber. 20, 3213 : 21, 1411 : 22, 527, 532 : 24, 3954 : C. 1904, II. 
1701) ; (see pyroracemio aldehyde). They are also formed (2) by the 
oxidation of the a-ketols, e.g. the synthetic acyloins by atmospheric 
oxygen ; and (3) accompanied by dinitroparalfins (p. 185), when 
monoketones or the corresponding secondary alcohols are oxidized by 
nitric acid (Ber. 28, 555 : C. 1900, II. 624 ; 1901, II. 334) ; (4) from 
a-bromoolefine ketones containing the group — C : CBr-CO — , instead 
of the expected a-olefine ketone-alcohols (p. 396) (Ber. 34, 2092). 

The a-diketones, in contradistinction to the colourless aliphatic 
monoketones, are yellow, volatile liquids with a penetrating quinone- 
like odour; comp, glyoxal (p. 398). On the absorption spectra of 
a-diketones, see C. 1906, II. 495. 

(1) The a-diketones are characterized and distinguished from the 
jS- and y- diketones by their ability to unite with the or/Ziophenylene- 
diamines (similarly to glyoxal). In this way they are condensed to 
the quinoxalines {q.v ,) : 


/NH, 

c.h/ 

\NH, 


CO-R yN : CR 

-f I = C«H,< I + 2H2O. 
CO R \N : CR 


All compounds containing the group — CO -CO — , e.p. glyoxal, 
pyroracemic acid, glyoxylic acid, alloxan, dihydroxytartaric acid, etc., 
react similarly with the o-phenylenediamines. 

(2) Glyoxalines are formed by the interaction of a-diketones with 
ammonia and the aldehydes : 

CHa-CO CH3C— 

1 -f 2NH3 H- CHg-CHO = II >C-CH3 + 3H2O. 

CHg-CO CHgC 

(3) a-Diketones, containing a CHg-group, adjacent to the CO-group, 
undergo a rather remarkable condensation when acted on by the 
alkalis. Aldols are first produced, and later quinones (Ber. 22, 2215 : 
28, 1845) ; 

CHg-COCO-CHa CH3-C(OH)-CO*CH3 CHg-CCOCH 

I ^ 11 II 

CHg-CO-COCHs HCCOCCH3. 

jj-Xyloquinone. 

DD 


CH,-COCOCHs 
VOL. I. 
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(4) Diaoetyl and hydrocyanic acid yield the nitrile of dimethyl 
racemic acid (see glyoxal) (Ber. 22, R. 137). 

Diacetyl, CH8*CO*CO*CHs, diketohutane, dimethyl dikeionef dimetkylglyoxal 
[butane-dione], is obtained (1) from isonxtroso -ethyl methyl ketone by the action 
of dilute sulphuric acid (Ber. 40, 4337) ; (2) from methyl ethyl ketone or methyl 
ethyl carbinol by oxidation with nitric acid, accompanied by dinitro-ethane 
(p, 185) ; (3) from oxalyldiacetic or ketipic acid, COOH-CHaCO'CO'CHaCOOH, 
by elimination of 200^ by heat (Ber. 20, 3183) ; (4) by oxidation of tetrinic 
acid (ff.v.) by KMn 04 (Ber. 26, 2220 : Ann. 288, 27) ; (5) by electrolysis of 
pyroracemic acid, CHsCO-COOH (Ber. 33, 650) ; (6) from vinylidene oxanilide, 
an oxalic acid derivative, and methyl magnesium iodide (Ber. 40, 186). 

It is a yellow liquid with a quinone-hke odour, b.p. 87-89®. When shaken 
with hydrochloric acid, diacetyl polymerizes to the trimeric (CHsCO-COCHgjs, m.p. 
105®, b.p. 280°, which decomposes on prolonged heating (Ber. 35, 3290 : 36, 954). 

Tetrachlorodiacetyl, CHCla'CO-CO-CHClg, m.p. 84°, results from the action 
of potassium chlorate on chloroanilic acid (together with tetrachloroacetone, 
p. 265) (Ber. 22, R. 809 ; 23, R. 20). Tetrahromodiaceiyl, (CHBra-CO)^ (Ber. 
23, 35), and dibromodiaeetyl, (CHaBr'CO)^, are produced by the action of bromine 
on diacetyl. 

Acetylpropionyl, CaHs-CO-CO-CHg, methyl ethyl diketone [jSy-pentane-dione], 
b.p. 108®, is obtained from ^sonitroso-diethyl ketone ; also by the hydrolysis 
of a-bromoethylidene acetone, CHjCH : CBrCOCHs (Ber. 34, 2092). It condenses 
to duroquinone. 

Acetylbutyryl [jSy-hexane-dione], C3H7COCOCH3, b.p. 128°, acetylisobutyryl, 
(CH 3 ) 3 CHCO*COCH 8 , b.p. 115°, results from the hydrolysis of acetoxymesityl 
oxide (p, 396). 

Acetylisovaleryl, {CH 3 ) 2 CHCH 2 COCOCH 3 , b.p. 138°. Acetylcaproyl, 
CHsECHgLCOCOCHg, b.p. 172° (C. 1898, II. 965 ; 1900, II. 624). Acetyliso- 
caproyU b.p. 163° (Ber. 22, 2117 : 24 , 3956). 

Symmetrical diketones : Difropi(ynyl,C1IfiRfiO-COCKfiJi^, Dibutyryl, 
CHsCHgCHaCO-COCHjjCHjCHa, b.p. 168°. Di-isobutyryl, (CH 3 )aCHCO-COCH. 
(CHs)^, b.p. 145°. Didoovakryl, Dicaproyl, 

CsHhCOCOCsHh, b.p. 110-120°/10 mm. Dipivaloyl, (CH 3 ) 3 C'CO-CO^C(CH 3 ) 3 , 
b.p. 170°, Ail these bodies are obtained from the a-ketols (pp. 393-4), by 
oxidation with nitric acid or dehydration by means of finely divided copper 
(J. pr. Chem. [2] 62, 364 ; 0. 1906, H. 1115). 

a-Diketone Dichlorides result from the action of hypochlorous acid on alkyl 
acetylenes (p. 112), according to the equation: 

CaHjC ; CCH, -f 2HC10 = Q^nfiCl^COCn^ + H 3 O. 

Methyl ct-dicMoropropyl ketone, CgHs’CCla^CO-CHg, b.p. 138°, yields methyl 
«-j)ropyl ketone on reduction ; with potassium carbonate solution it forms duro- 
quinone, angelic acid (p. 346), and a-ethyl acrylic acid. The two acids result 
from an intramolecular atomic rearrangement which recalls that of the formation 
of benzilic acid from benzil (p. 48). * 

(2) or 1 : 3-Diketones 

These are produced according to two nucleus-synthetic reactions : 
(1) like the hydroxymethyleneketones, by the interaction of acetic 
esters and ketones in the presence of so^um ethoxide, metallic sodium 
or sodamide (Claisen, Ber. 22, 1009 : 23, R. 40 : 38, 695). , The 
condensation proceeds like the acetoacetic ester condensation (p. 467) 
and consists, first, of the formation of the sodium derivative of the 
eTwUc form of the ketone. The sodium derivative then combines with 
the ester, and by loss of alcohol from the resulting product, the sodium 
derivative of the diketone is formed. 


CH ‘CO’CH — — 
CH3-C{03Sra) : CHg -|- CH^OOOEt 


> CH 3 -C(ONa) : CHg 
^ CHs-C-CHa-CO CHj 


-> CH 3 *C(ONa) ; CH-CO-CH, -f EtOH 
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(2) By the action of AICI3 on acetyl chloride and the subseq[uent 
decomposition of the aluminium derivative. This reaction was dis- 
covered by Combes, but correctly interpreted by Ghistavson (Ber. 21, 
R. 252 : 22, 1009 : C. 1901, I. 1263) : 

3CH3COCI + AlCl, = 


^|»^ 0 >CHCOl 30 AlClj 


H-0 


ch:co>°hco3H 


— COj 


CH3— COs. ™ 
CHa— 


(3) Acylacetoacetie esters (p. 602), when heated with water at 
140-150®, decompose into COg, alcohol and j^-diketones (C. 1903, I. 
225): 


CHaCHsCHjCO^QHCOjCjHs 


HaO 




Constitution . — ^The 1 : 3 diketones resemble the hydroxymethylene- 
ketones (p. 396) in the possession of acidic properties, but whereas 
the latter are usually regarded as hydroxymethylene or enolic com- 
pounds, the diketones, either free or in solution apparently exist as 
an equilibrium mixture of keto and enol forms, the position of equi- 
librium being determined by the characters of the solvent among 
other factors. The salts are derived from the enol form, R-CO*CH : C- 
(ONa)-R. (c/, also Acetoacetic ester, p. 473, formylacetic ester, p. 456, 
and introduction, p. 50). 

'^Reactions . — ^A very characteristic reaction is the precipitation of 
their alkali salts by copper acetate. Ferric chloride imparts an intense 
red colour to their alcoholic solution. 

When the salts of jS-diketones are treated with alkyl iodides, the 
CHg-group becomes alkylated (comp. Acetoacetic ester) : 

C.HaOXa 

CH3COGH2COC3H7 CKfiOCK{OK^)COCs,K^. 

Hydroxylamine converts the /5-diketones into isoxazoles, phenylhydra- 
zine into pyrazoles (pp. 407, 409). 


Acetylacetone, CHaCO-CHa'CO-CHj, b.p. 137® {see above for methods of 
formation). Electrolysis of an alcoholic solution of sodium acetylacetone, or the 
action of iodine on the same body, leads to the fonnation of tetraacetylethane 
(Ber. 26, R. 884). With SgCig and SCI2 it forms dithio- and monothio-acetyl- 
acetone respectively (Ber.' 27, R. 401, 789). H^S produces a dimeric dithioacetyl- 
acetone (0511282)2, m.p. 163° (C. 1901, II. 397). Cyanogen unites with acetyl 
acetone in presence of a little sodium ethoxide to form cyaniminoinethylacetyl- 
acetone, NC-C(]S[H)*CH(COCH3)2, m.p. 130°, and diiminoteiraacetyVmtane^ 
(CH3CO)2C{NH)C(NH)CH(COCH3)2, m.p. 147° (Ber. 31, 2938). 

The metallic salts of acetylacetone resemble one another in their remarkable 
stability. Those of Be, Al, Cr, Mn, Zn, Ee, Cu, Hg, Mo, Pt'', Ce, La, Th, and 
others have been prepared, of which some, on account of their power of crystal- 
lization, have been employed for the determination of the valency and atomic 
weights of the rare elements (C. 1900, 1. 588 : Ber. 34, 2584 : Ann. 331, 334). 
Copper acetylacetone, Cu(C5H702)2. Beryllium acetylacetone, Be(C6H702)a, m.p. 
108°, b.p. 270°, Aluminium acetylacetone, A1(C5H702)3, m.p. 193°, b.p. 314°. 
The vapour density of these compounds reveals the divalence of Be and the 
trivalence of Al. Chromium acetylacetone, Cr(C5H702)s» b.p. 340°, is of a violet 
colour, and gives oS a green vapour (Coomhes, Ber. 28, R. 10 : C. 1899, II. 625). 

Octochloroacetylacetone, m.p. 53°, and octobromoacetylacetane, CBr3COCBr2- 
COCBrg, m.p. 164°, are obtained from phloroglucinol, and chlorine or bromine 
respectively (Vol. II) (Ber. 23, 1717). 

Alkyl acetylacetones are obtained from acetylacetone by sodium and alkyl 
iodides (Ber. 20, R. 283 : 21, R. 11). 
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Acetylpropionylmethane, b.p. 158°* Acetylbuiyrylmethane, 

b.p. 175° (Ber. 22, 1015 ; C. 1903, I. 225). Acetylisobiityryhmthanst b.p. 168° 
(Ber. 31, 1342 : C. 1900, II. 317). Acetylcaproylmethane, CH 3 [CH 2 ] 4 COCH 2 - 
COCH 3 , b.p. 100°/20 mm., also results from acefcyloenanthylidene (p. 276) and 
sulphuric acid (C. 1900, II. 1262 : 1903, I. 225). 

Higher ^-diketones : see C. 1902, I. 568. 


(3) y- or 1 : 4-Diketones 

A general method for the preparation of these ketones has been 
evolved, starting from succinyl chloride. The chloride of a succinoxy- 
fatty acid, produced from succinyl chloride and a-hydroxy^ 5 obutyric 
acid, reacts with zinc alkyls to form a dilactone, from which the 
desired diketone is obtained by alcoholysis. Dipropionylethane 
(Octane-yC-dione), for example, is obtained by the following reactions 
(Compt. rend. 158, 504). 

(•CH2-COCl)a + 2HOCMe2-COOH ^ (•CHg-CO.O-CMea-COOH)^ 

ZnEtl ACHo-CEt-O-CMea-COXg 

■ 1 — 0 — ! ; ■ 


PClfi 


(•CHj-CO-OCMea-COCl)^ 


->(*CH2-CO-Et)j 


Further special methods for the preparation of individual diketones 
are described under the compounds concerned. 

Eeactions , — ^The 1 : 4-diketones are incapable of salt formation, 
and are consequently insoluble in alkalis. They readily form mono- 
and dioximes, and mono- and di-phenylhydrazones : the latter, un- 
like the osazones of the 1 : 2 -diketones, are colourless. The most 
characteristic property of the 1 : 4 -compounds is the readiness with 
which they form ring compounds derived from furan, thiophen and 
pyrrole {Paal, Ber. 18, 58, 367, 2251). 

( 1 ) The direct removal of one molecule of water from acetonyl- 
acetone by distillation with zinc chloride or P 2 O 5 results in the forma- 
tion of dimethylfurfuran (Ber. 20, 1085) : 


CH,-(X)-CH, CH=C<'^®» 

I =1 +HjO. 

CH,COCH, CH=C<qjj 

Dimethylfurfuran. 

Other y-diketone compounds react in a similar manner (Knorr, Ber, 
17, 2756). 

(2) When heated with phosphorus sulphide acetonylaeetone yields 
dimethylthiophen ; 


Dimethylthiophen. 

All* the y- diketones or 1 ; 4-dicarhoxyl compounds, e.gr. the y-ketonic 
acids (g.v,), yield the corresponding thiophen derivatives upon like 
treatment (Ber. 19, 551), 

(3) Dimethylpyrrole is produced on heating acetonylaeetone with 
alcoholic ammonia : 


CHj-CO-CHa 

I ' + H^S = I + 2H,0 

CH,CO-CHs CH=C<qjj 


CHaCOCHs 

I -f" 

CHjjCOCHa 


NH, = I ^NH + 2HjO. 

ch=c<ch, 

Dimethylpyrrole. 
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All compounds containing two CO-groups in the 1 : 4-position 
react similarly with ammonia and amines, e,g, diacetosuccinio ester 
and Isevulinic ester. All the pyrrole derivatives formed as above, 
when boiled with dilute mineral acids, have the power of colouring 
a pine chip an intense red. This reaction is, therefore, a means of 
recognizing all 1 : 4-diketone compounds (Ber. 19, 46). 

In all these conversions of acetonylacetone into pyrrole, thiophen, 
and furfuran derivatives, it may be assumed that it first passes from 
the diketone form into the psmdo-iovm of the diolefine glycol (p. 50) : 

CHjCOCHa CH=C<^» 

CHj CO-CHs ^ CH=C<^|^^ 

and from this, by replacing the 20H-groups with S, 0, or NH, the 
corresponding furfuran, thiophen, and pyrrole compounds are pro- 
duced (Ber. 19, 551). 

Acetonylacetone, sym.-diacetylethane, ^^-hexane-diouQt CHaCO-CHaCHa- 
COCH3, m.p. —9*^, b.p. 194 °, D 20 = 0*973, is obtained from pyrotritaric acid, 
C 7 Hg 03 [q>vJ) ; from acetonylacetoacetio ester (g.v.), when heated to 160° with 
water (Ber. 18, 58) ; and from isopyrotritarie acid and diacetylsuccinic ester, 
when they are boiled with potassium carbonate solution (Ber. 33, 1219). It is 
a liquid with an agreeable odour, and is miscible with water, alcohol, and ether. 

j§-Methylheptane-y^-dione, wdimethyllcevuUmc methyl ketone, CHMej-CO- 
CHa-CHg'CO CHj, b.p. 91°/12 mm., is a degradation product of the terpene 
ketone, tanacetone (Vol. II). It is prepared from the glycol Me 2 C(OH)*CH(OH)- 
CHjj-CHg'CO-CHs by boiling with dilute sulphuric acid (Ber. 35, 1179). 

Octane- y^-dione, dipropionylethane, CaHs'CO-CHa’CHg-CO-CaHg, m.p. 34- 
35°, b.p. 98°/14 mm. (Compt. rend. 158, 504). 


(4) 1:5-, 1:6- and 1 : 7-Diketones 

S or 1 : 5-Diketones are only obtained with difficulty. If it is attempted 
to prepare them from the 8-diketonedicarboxylic esters, resulting from the 
condensation of aldehydes and acetoacetic esters, e.g. aa-diacetylglutario ester : 


CHsCO'v. pprppr ppr^^COCHs 


COOC 2 H 5 


by splitting off carboxyethyl groups, there results instead of, for example, 
jS^-heptane-dione, CHaCO-CHgCHaCHa-COCHg, a cyclic compound, — 3-methyb 
d^-cycZohexen-l-one (Ann. 288, 321). 

Heptane-|8^dione, CH 3 *CO*[CH 2 ] 3 *CO*CH 3 , m.p. 34°, b.p. 96-97°/10 mm., 
is however obtained by decomposition of the ozonide of a -isocaoutchouc (Ber. 
47, 784). JDioxime, m.p. 87°. It changes to the methylcyciohexenone when 
warmed with dilute sodium hydroxide. 

1 : 6- or €-Diketones. cn^-Diacetylbutane, ^Ti~octane-dione, m.p. 44°, results 
from the electrolysis of potassium Igsvuiinate : 

2CH3COCHaCHa:COOiK CHaCOCHaCHg CHgCHa COCHa. 

It is ‘also obtained by the ketonio decomposition of diacetyladipic ester (q.v.) 
(Ber. 33 , 650). 

The compound Bhee-tetramethyloctane’piq-dione, (I) passes immediately on 
formation into the isomeric ac 0 tylpentamethylc?/ciopentanol (II) and there is no 
tendency for the reverse change to occur. The compound only yields a monoxime 
and a momsemicarhazone, both of which occur in two stereoisomeric forms, but 
no di- derivative could be obtained (J.C.S. 1927, 594). 


CMea-CHg-COMe CMeg CHjj-.. 

1 > (ID I ^yCMe*OH. 

CMea-CH,-COMe ‘ CMej-CH(COMe)/ 
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1 ; 7- or ^-Diketone, diacetylpentam, OH 3 CO*(CH 3 ) 5 'OOCH 3 , belongs to this 
class. When reduced, it undergoes an intramolecular pinacone formation and 


becomes dimethylci/cZobeptanediol, CH 3 *C(OH)[CH 2 ] 6 C(OH)CH 3 (Ber,. 23, R. 
249 : 24, R. 634 : 26, R. 316). 

NITROGEN-CONTAINING DERIVATIVES OF THE DIALDE- 
HYDES, ALDEHYDE KETONES AND DIKETONES 

1. For the action of ammonia on glyoxal and acetonylaoetone, see pp. 
401, 404. Action of ammonia on acetylacetone, see p. 397, 

2 . Ozime3 

A. Monoximes. — (a) Aldoximea of the cc-aldehyde ketones and monoximea of 
the a-diketones : isonitrosoJcetones. These bodies are formed (la) by the action 
of nitrogen trioxide on ketones (Ber. 20, 639). By this reaction mixed ketones, 
which contain the — CO — group united to two CHg-groups, yield two different 
« 5 onitroso-ketones ; but if the — CO — group is joined to a tertiary alkyl, only 
one iaonitroso-ketone is formed (0. 1898, II. 965). 

(16) When amyl nitrite in the presence of sodium ethoxide or hydrochloric 
acid acts on ketones (Ber. 20, 2194 : 28, 1915) : 

CH3COCH3 + NO-O-CgHn = CHgCOCHf : N-OH) -f CsHii^OH. 

An excess of amyl nitrite decomposes the oximino-body, whereby the oximino- 
group is replaced by oxygen, with the production of a-diketo -derivatives (Ber. 22, 
527 : C. 1904, H. 1701). 

(2) As acetone is formed from aeetoacetic ester, i^onitroso- or oximino -acetone 
can be prepared from the oximino -derivative of aeetoacetic ester (Ber. 15, 1326). 
Nitrous acid decomposes aeetoacetic acid into oximino -acetone and carbon 
dioxide : 

CHgCOCHgCOgH -f NO-OH OH3-COCH( : N-OH) + COa + HgO. 
Similarly, by the action of nitrous acid, nitrosyl sulphate or chloride, the oximinol 
compounds of the higher acetones can be directly derived from the monoalky- 
aeetoaceiic acids and their esters by elimination of carbon dioxide (Ber. 20, 531 : 
C. 1904, II. 1700) : 

CHjCOCH<^q^jj + NO-OH = CH.COC<^.qjj. + CO^ + H.O, 

whilst the dialky lacetoacetic acids do not react (Ber. 15, 3067). 

Properties.- -The Monitroso-ketones are colourless, crystalline bodies, easily 
soluble in alcohol, ether and chloroform, but usually more sparingly soluble in 
water, The 5 ’' dissolve in the alkalis, the hydrogen of the hydroxyl group being 
replaced by metal, with the formation of salts having an intensely yellow colour. 
They yield a yellow coloration with phenol and sulphuric acid, and not the blue 
coloration of the nitroso-reaction (Ber. 15, 1529). 

Pcactiojis. — (1) The oximino-group can be split off and be replaced by oxygen, 
which will lead to the formation of diketo -bodies, — CO -CO — . This result may 
be brought about by the addition of sodium bisulphite and boiling thej^ resulting 
imidosulphonic acid with dilute acids (Ber. 20, 3162). The reaction also takes 
place %vhen isonitrosoketones are boiled directly with dilute sulphuric acid (Ber. 
20, 3213). The decomposition is sometimes more readily effected by nitrous 
acid (Ber. 22, 532 : C. 1904, II. 1701). 

(2) The aldoximino-ketones, like the aldoximes (p. 250), are converted by 
dehydrating agents — e.g. acetic anhydride — into acyl cyanides or a-ketocarboxylio 
nitriles [g.v.) (Bar. 20, 2196). 

(3) Aminoketones (p. 397) are produced in the reduction of isonitroso -ketones 
by means of stannous chloride. 

(4) Two molecules of phenylhydrazine, acting on the iaonitroso-ketones, 
produce oaazones, e.g. CHs-C(N 2 H-C 6 H 5 )CH(N 2 H-C 6 H 5 ) — acetonosazone (Ber. 22, 
528). Semicarbazide gives rise to semicarbazone oximes^ most of which are slightly 
soluble and possessed of high melting points (C. 1904, II. 304, 1700). 

(5) By the further action of hydroxylamine or its hydrochloride (Ber, 16, X82 : 
C. 1904, II. 1700) on isonitroso-ketones, dioximes of the a-aldehyde ketones 
and ct-diketones are produced. 
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(6) Halogen alkyls acting on the salts of tsonitroso-ketones produce ethers 
(comp. Ber. 15, 3073 : 38, 1917) : 

CH3C0-C(N0K)CH3 + CHgl = CH3C0-C(N0CH3)-0H3 + KI. 
which are the alkoximes of the a-diketones. They are more stable than the free 
^>onitroso -ketones, and are therefore more suitable for use in many synthetic 
reactions. 

woNitroso-acetone, aldoxime of pyroracemic aldehyde ^ CHg'CO'CH : N-OH. 
m.p. 65®, is very readily soluble in water ; crystallizes in silvery, glistening 
tablets or prisms ; melts and decomposes at higher temperatures, but may be 
volatilized in a current of steam. 

Monoximes of the a-Diketones. — isoNitroao-ethyl methyl ketone, CH3C0‘0 = 
NOH’CHs, m.p. 74°, b.p. 185-188°. Preparation (Ber. 35, 3290). Action of 
HCl on iwnitroso -ethyl methyl ketone (Ber. 38, 3357). i&oNitroao-methyl propyl 
ketone, CHgCO-C^KOH-CHaCHa, m.p. 52-53°, b.p. 183-187°. iaoNitroso- 
diethyl ketone, CaH5*C*OC=NOH-CH3, m.p. 69-62°. iaoNitroao-meihyl butyl 
ketone, CH3-COC=NOH-C3H7, m.p. 49*5°. iaoNitroso-methyl isobutyl ketone, 
CH3*C0C=N0H*CH(CH3)2, m.p. 75°. iaoNitroso-methyl isoamyl ketone, CHg*, 
C0C”N0H-CH2-CH(CH3)2, m.p. 42° C. isoNitroso-methyl i&ocapryl ketone, 
CH3*C0C=N0H*CH2CH2CH(CH3)3, m.p. 38°. 

For other i^onitroso-ketones see C. 1899, I. 190 : II. 524 : 1904, II. 1700. 


B. Oxime- anhydrides of the jS-Diketones or Isoxazoles. 

Monoximes of the j8-formylketones and of the j8-diketones are not known. 
In the attempt to prepare them water is lost and an intramolecular anhydride 
formation takes place. The oxime-anhydrides are isomeric with oxazoles, which 
also consist of five members; hence their name, isoxazoles (Ber. 21, 2178: 
24, 390 : 25, 1787). 

Isoxazole, oxime-anhydride of mahnic dialdehyde, (see Formula (I) below) 
b.p. 95°, is prepared from propargyl aldehyde or jS-anilino -acrolein anil (p. 399) 
by hydroxylamine. Alcoholic alkalis convert it into cyanacetaldehyde (p. 457) 
(Ber. 36, 3665) i 


G) 

CH- 


(5) 

:CK 


\, 


CH=N-' 


O (1) 


OHjCHO 
> I 
C=N 


(3) 


(I) 


(2) 


S-Methylisoxazole, CHjCsHaNO, b.p. 122°, and 3-methylisoxazole, CHgCsHaNO, 
b.p. 118°, result from hydroxymethylene acetone. They are transparent liquids, 
having an intense odom resembling that of pyridine. S-Methylisoxazole readily 
becomes rearranged into cyanacetone (p. 475) : 


CH-CHOH 

I 

CH3CO NH3 
'KO 


— 2H,0 


CH— CH 
¥ rll 
CH3C0C N 


CH— CO-CH, 


CH C-CHj 

l|S >11 


CHOH NHj -2H.0 CHx N 


/ 

HO 




3 : 5-Dimethylisoxazole, b.p. 141°, has a very peculiar odour, and is obtained 
from aoetylacetone and hydroxylamine hydrochloride. 


C. Dioximes. , 

{a) a-Dioximes. — ^When glyoxal, of which the monoxime is not known, 
pyroracemic aldehyde and the a-diketones are treated with hydroxylamine 
hydrochloride, the ^.-dioximes or glyoximes are formed. They can also be obtained 
from a-i^onitroso-ketones or «-dichloroketones. The glyoximes form character- 
istic complex compounds with Ni, Co, Pt, Fe, Cu, which are stable and strongly 
coloured ; the metal is united to two glyoxime molecules (Ber. 39, 2692, 3382). 

Qlyoxime, CH( : NOH)-CH( :.NOH), m.p. 178° (Ber. 17, 2001 : 25, 705 : 28, 
R. 620), is preparedfrom trichlorolactic acid (p. 421). Methylglyoxime, acetoximia 
acid, CH3C(N0H)-CH(N0H), m.p. 163°. Dimethylglyoxime, diacetyldioxime, 
CH3C(N0H)-C{N0H)CH3, m.p. 234° (Ber. 28, R. 1006 : J. pr. Chem. [2] 77, 
414) is employed as a sensitive test for the presence of nickel. MethylethyU 
glyoxime, CH3C(NOH)*C(NOH)-C3H6, m.p. 172° (Ber, 34, 3978). Methylpropyl- 
glyoxime, m.p. 168°. tovt^-Butylglyoxime, (CH3)8C-C(NOH)CH(NOH), m.p. 102°, 
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is prepared from dichloropinacolin. Methylisobutylglyoximet m.p. 170-172®. 
Higher homoiogues of glyoxime, see C. 1899, II. 524 ; 1904, II. 1700. 

(b) Furoxan derivatives (Ber. 23, 3496) result when NOg acts on an ethereal 


O 

solution of the glyoximes : dimethyl Juroxatif >0, b.p. 222®. 

CH3-C=n/ 

MethyUthylfuroxan^ b.p. 115°/16 mm. (Constitution, see Ann. 424, 107). 

(c) Furazans, azoxazoUs, furodiazoles are the anhydrides obtained from 
CH : Nv 

certain a-dioximes. Furazan^ { >0, itself is not known, whilst dimethyl- 

CH:N/ 

furazan, for example, has been prepared from diacetyl dioxime. 

{d) ^-Dioximes, acetylacetone dioxime, CH3C(NOH)CH2C(NOH)CH3, m.p. 
150®, is produced from aeetylacetone by an excess of hydroxylamine. It easily 
gives this up and is converted into dimethylisoxazole (see above). Reduction 
by sodium and alcohol gives ^8-diaminopentane. Electrolytic reduction in 
sulphuric acid solution leads to the formation of dimethylpyrazolidine, 

CHg-CH—NH 

I 1 


CH< 


IHCH, 


(Ber. 36, 219). 

(e) y-Dioximes, derived from the y-dialdehydes, y-aldehyde-ketones and 
y-diketones, may be prepared (I) by the action of hydroxylamine on pyrrole 
(Ber. 22, 1968) and alkylpyrroles (Ber. 23, 1788) ; (2) from y-diketones and 
hydroxylamine. They are decomposed by boiling alkalis into the corresponding 
acids, or y-diketones ; the latter are far better obtained by means of nitrous 
acid. 

Suceinaldchyde dioxime, HON : CHCHgCHgCH : NOH, m.p. 173°, passes upon 
reduction into tetramethylene diamine (p. 384), and into succinic dialdehyde by 
the action of NoOg (Ber. 35, 1184). Ethylsuccinaldioxime, HON : CHCH(C2H5)- 
CHgCH : N(OH), m.p. 135®. PropionylpropionaMioxime, CHgCHgC : N(OH)CH2- 
CH.CH : N(OH), m.p. 85®. Methyllcevulinaldioxime, CHgC ; N(OH)CH2CH(CH)3- 
CH : N(OH). Acetonylacelone dioxime, CH3C : N(OH)CH3CH2C : N(OH)CH3, 
m.p. 135°. ww-Diacetylpentane dioxime, CH3C : N(OH)[CH2]5C : N^OHjCHg, 
m.p. 172®. 


3. Hydrazine, PMnylhydrazim and Semicarbazide Derivatives 


CHgC^N 
Dimethyl aziethanc, j | 

CH3C-N 
NH\ /NH 

kne, i >C(0H3)*C(CH3X; ! 
NH/ \nH 


, m.p. above 270°, and dimethylbishydrazimethy- 
, m.p. 158®, are obtained from diacetyl and 


hydrazine (J. pr. Chem. [2] 44, 174). Dimethylaziethane is also prepared from 
diacetyl axetylhydrazonc, CH3C(N : N-COCHg) : C(OH)CH3, m.p. 167°, by heating 
it with alkalis. 

The mono-semicarbazones of the a-diketones dissolve in alkalis, like the 
monoximes (p. 406), to a yellow solution. Diacetyl semicarbazone, CH3COC- 
(NNHC0NH2)CH3, or CH^ : C(OH)-C(NNHCONH2*)CH3, m.p. 235°. Acetyl 
propionyl semicarbazone, m.p. 209° (Ber. 36, 3183°). 

Glyoxal disemicarbazone, (NHgCONHN : CH — )2, is a slightly soluble crystalline 
powder of high melting point (Ber. 40, 71). 

aiyoxal VUgiumidine, : CH-CH : +HiiO,“-P-266°, 

NHj/ NNHj 

with decomposition, is formed from dichloroaldehyde (p. 240) and aminoguanidine 
(Ann. 202, 284). Diacetyl disemicarbazone, m.p. 279°. 

Monophenylhydrazones. — Hydrazone of pyroracemic aldehyde, CH3OO-CH 
N-NH^GgHj, m.p. 148°, is obtained by hydrolysing the reaction-product resulting 
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from diazobenzeno chloride and sodium acetoacetic ester with alcoholic sodium 
hydroxide (C. 1901, I. 299). Diacetylphcnylhydmzone, CHgCO-C : (NNHCgHg)- 
CHg, m.p. 133°, has been prepared from diacetyl and from methyl -acetoacetic 
ester {Japp and Klinge7nann) (Ann. 247, 190). 

cc-Acetylpropionylphenylfiydrazonet CHgCC : NIirHCsH 5 )*COC 2 H 5 , m.p. 97°, is 
obtained from acetyl propionyl. ^-Acetylpropionylphenylhydrazone, CHgCO'C 
(NNHCgH 5 )C 2 H 5 , m.p. 117°, is prepared from ethylacetoacetic acid and diazoben- 
zene chloride. 

Diphenylhydrazones or Osazones.— Glyoxal (p. 398), methyl glyoxal 
(p. 400), the a-diketones and the a -isonitroso -ketones, when treated with phenyl- 
hydrazine, lose two molecules of water or water and hydroxylamine, respectively, 
and form diphenylhydrazones or osazones, which can also be obtained from 
a-hydroxyaldehydes, a-hydroxyketones, a-aminoaldehydes and a-aminoketones, 
the alcohol or other group adjacent to the keto group undergoing oxidation. 
The osazones are especially important in the chemistry of the aldopentoses, 
and the aldo - and ketohexoses. The osazones are oxidized by potassium chromate 
and acetic acid to osotetrazoncs, which are converted by hydrochloric acid and 
ferric chloride into osotriazones : 


CHgC^N— NHCgHs 


Fe,CI. CH,C=N\ 

I >NC.H, 
HCl CH,C=N/ 

Diacetyl osotriazone. 


CHgC =N-NHCeH 5 CHgC =N— NCgHg 

Diacetyl osazonc. Diacetyl osotetrazone. 

Glyoxal osazone, CgHsNH N : CHCH : N NHCgHs, m.p. 177°, is also formed 
from formaldehyde and phenylhydrazine, with the intermediate formation of 
glycolyl aldehyde (p. 387) (Ber. 30, 2459). Glyoxal osotetrazone, m.p. 145° (Ber. 
17, 2001 : 21, 2752: 26, 1045). 

Methylglyoxal osazone, m.p. 145° (Ber. 26, 2203). Methylglyoxal osotetra- 
zone, m.p. 107°. Methylglyoxal osotriazone, b.p. 150°/10 mm. (Ber. 21, 2755). 

Diacetyl osazone, m.p. 236° (decomp.) (Ber. 20, 3184; Ann. 249, 203). 
Diacetyl osotetrazone, m.p. 169° (decomp.). Diacetyl osotriazone, m.p. 35°, b.p. 
255° (Ber. 21, 2759). AcePylpropionyl osazone, m.p. 162° (Ber. 21, 1414 : Ann. 
247, 221). 

The 1 : 3-diketones and the 1 : 3-hydroxymethylene ketones (p. 396) unite 
with hydrazine and phenylhydrazine, forming pyrazoles (Vol. Ill), which may be 
regarded as derivatives of the 1 ; 3-olefine ketols (Ann. 279, 237) : e,g. hydroxy- 

.CH ^NH 

methylene acetone and hydrazine yield Z-methylpyrazole, CH^ 1 

\c(CH3):N 

(Ber. 27, 954). 

Acetonylacetone, a 1 : 4 -diketone, and phenylhydrazine yield : Acetonylacetone 
dipkenylhydrazo7ie, m.p. 120°, and anilino -dimethyl-pyrrole, 

CH : C(CH 3 )\ 

I _ ^N-NHCeHs, 


(Ber. 


CH : C(CH 3 )/ 

18, 60 : 22, 170). 


(Products from acetylacetone and 


m.p, 90°, b.p. 270° 
hydrazine). 

a-Hydrazoximes. — Methylglyoxal phenylhydrazoxime, CHg-C : N^NHCgHs)*- 
CH : NOH, m.p. 134°, is prepared by the action of phenylhydrazine on iso- 
nitroso -acetoacetic acid. It parts readily with water and yields methyl-N- 
CHsC--— Nv 

I >NC 6 H 5 ; (Vol. Ill) (Ann. 262, 278). 

ch=n/ 


phenyl-osotriazole. 





HYDROXY-ACIDS AND THEIR DERIVATIVES 


7. HYDROXY-ACIDS, CnH2n(OH) COOH 

The acids of this series show simultaneously the reactions of an 
alcohol and a carboxylic acid. The reactions of any individual mem- 
ber of the series are conditioned by two factors, (i) the nature of the 
alcoholic hydroxy group, which may be primary, secondary or ter- 
tiary, and which yields diiferent oxidation products in each of the 
three cases, and (ii) the relative positions of the hydroxy and carboxyl 
groups in the molecule. 

The “ Geneva names ” are formed by the insertion of the syllable 
“ ol,” characteristic of alcohols, between the name of the hydrocarbon 
and the word “ acid ” ; CHaOH-COOH, hydroxyacetic acid, or 
[ethanol acid]. 

Glycollic and lactic acids are the best-known and most important 
representatives. 


Ge7ieral Methods of Formation 

(1) Careful oxidation (a) of glycols containing at least one primary 
alcohol group with dilute nitric acid, or platinum sponge and air, e.g . : 

GHaOH-CHaOH + O3 CHaOH-COOH + HgO. 

(6) The oxidation of hydroxyaldehydes. 

(2) The reduction of the aldehyde acids, the ketonic acids, and 
dicarboxylic acids by sodium amalgam, zinc and hydrochloric or sul- 
phuric acid, sodium and alcohol, or electrolysis. 

Pyroracemic acid, CHg'CO-COjjH + 2H =.CHs-0H(0H)*C02H. 

Oxalic acid, COOH-COOH -f 4H = COOH-CHaOH + HgO. 

This reaction is frequently used in preparing jS-, y- and (5-hydroxy- 
acids from jff-, y- and i5-ketone carboxylic esters. 

(3) Fatty acids containing a tertiary hydrogen atom can \)e directly 
oxidized to the hydroxy-acid by permanganate or nitric acid {R. 
Meyer, Ber. 11, 1283, 1787: 12, 2238: Ann. 208, 60 : 220, 56: 
Ber. 14, 1782 : 16, 2318). 

(4) By heating unsaturated fatty acids with aqueous potassium 
or so^um hydroxide to 100® (Ann. 283, 50). 

(6) By the reaction of the monohalogen fatty acids with silver 
oxide, boiling alkalis, or even water. The conditions of the reaction 
are perfectly similar to those observed in the conversion of the 
alkyl halides into alcohols. 

CHaClCOjH -f- HaO = OH2(OH)COOH -f HCl. 

Phe a-derivatives yield a-hydroxy-aeids ; the ^-derivatives are occasionally 
changed to nnsatiirat^ acids by the splitting-oU of a halogen acid, whilst tha 
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y. compounds form y-hydxojcy-aoids, which subsequently pass into lactones. 
y-Halogen acids are converted directly into lactones by the alkali carbonates. 

(6) By the action of nitrous acid on amino-acids : 


CHj(NHs)-CO,H + HNOa = CHj(OH)-COaH •+• N, -|- HjO. 
Aminoacetic acid. Hydroxyacetlc acid. 


(7) The hydroxy-acids can be obtained from the diazo-fatty acids 
on boiUng them with water or dilute acids. 

(8) From the a-ketone-alcohols — e.gr. butyroin and i^ovaleroin 
(p. 394) — on treating them with alkalis and air, the first-formed 1 : 2 
diketone undergoing a benzilic acid transformation (Ann. 434, 271). 

Nudeus-synthetic Methods of Formation, — (9) By allowing hydro- 
cyanic acid and hydrochloric acid to act on the aldehydes and 
ketones. At first cyanohydrins^ the nitriles of hydroxy-acids 
are produced after which hydrochloric acid changes the cyanogen 
group into carboxyl : 

1. CH3 CHO -h HNC = CH3-CH(OH)-C]Sr 

2. CH3-CH(0H)-CN + 2HaO = CH,*CH(OH)-COOH + NH3. 

a-Hydroxypropionic acid. , 

The conversion of the cyanohydrins into the hydroxy acids is 
carried out by means of concentrated hydrochloric acid, the amides 
being produced in the cold, and converted into the acids on heating 
with dilute hydrochloric acid. Dilute sulphuric acid sometimes acts 
more readily. 

Ethylene oxide reacts with hydrogen cyanide like acetaldehyde. 

(10) The glycol chlorohydrins (p. 369) undergo a similar alteration 
through the action of potassium cyanide and acids : 

1. CH3(0H)-CH301 + KNO =: CH3(0H)CH3-CN + KOI, 

2. CH3(0H)-CH3CN -f 2H3O « CH3(0H)*CH3-C03H -f NH3. 

/3-Hydroxypropionic acid. 


(1 1) A method of ready applicability in the synthesis of a-hydroxy- 
acids consists in acting on ethyl oxalate with zinc and alkyl iodides 
{FranUand and Du'p'pa), This reaction is like that in the formation 
of tertiary alcohols from the acid chlorides by means of zinc ethyl, 
or of the secondary alcohols from alkyl formates (p. 132) — 1 and 2 
alkyl groups are introduced into one carboxyl group (Ann. 185, 181) : 


K O-C^H 
O 

CO 3 C 3 H 3 
Ethyl oxalate. 


52Hfi Zn(GH,), /O-CaHg Zn(CH,), /CHg 

> C;~CH3 ' ' > Cr-CH3 

IXO-ZnCHa iXo-ZnCHg 

COAH 5 CO 3 C 3 H 5 


H,0 


/CH 3 

■->C^H3 

|\OH 

CO 3 C 3 H 5 
Ethyl «-hydroxy- 
f^obutyrate. 


If we employ two alkyl iodides, two different alkyl groups may 
be introduced. 

(12a) jS-Hydroxy-acids are formed when aldehydes or ketones are 
condensed with a-halogen fatty acid esters by means of zinc or mag- 
nesium; e,g. propionic aldehyde and a-bromopropionic ester yield 
a-methyl-/S-ethylhydracrylic acid, C 2 H 6 CH(OH)CH(CH 3 )COOB[ ; tri- 
oxymethylene, a-bromoi^obutyric ester and zinc yield aoc-dimethyl- 
hydracrylic acid (comp. p. 423) (C. 1901, I. 1196 : II. 30 : 1902, 
I. 856). 

(126) Ketone acid esters and magnesium alkyl iodides produce, in 
part, tertiary hydroxy-acid esters ; also, ethyl oxalyl chloride with 



412 


ORGANIC CHEMISTRY 


magnesium alkyi halides yields the ethyl oxalyl derivative of the 
a-hydroxy-acid ester (C. 1902, II. 1359: 1900, II. 1110) : 

CHaCOCO.C^Hs + CH3MgI - (CH3)2C(OMgI)COAH5 

2C3H50C0-C0C1 + 2CH3MgI - C2H50C0-C(CH3)20-C0-C02C3H5 + 2MgClI. 

(13) When sodium or sodium ethoxide acts on the acetic esters 
and propionic esters it converts them into ^^-ketone-carboxylic esters, 
but in the case of butyric and t^obutyric esters it produces the ether 
esters of /5-hydroxy-acids, such as ethoxycaprylic ester, (CH 3 ) 2 CH-CH- 
(0C2H5)*C(CH3)2C02C2H5, from isohntync ester (Ann. 249, 54). 

Cleavage-Reactions. — (14) The fatty acids are formed from alkyl 
malonic acids, CRR'(C 02 R) 2 > by the withdrawal of a carboxyl group 
(p. 545), and the hydroxy-fatty acids are obtained in a similar manner 
from alkyl hydroxymalonic acids or tartronic acids : 

CR(OH)<^Q®g = CRH(0H)-C02H + CO^. 

Aikyitartronic add. Alkylhydroxyacetic acid. 

Isomerism . — The possible cases of isomerism with the hydroxy -acids are most 
simply deduced by considering the hydroxy-acids as the mono-hydroxyl sub- 
stitution products of the fatty acids. Then the isomers are the same as the 
mono-halogen fatty acids, which may be regarded as the haloid esters of the 
alcoholic acids corresponding with them. 

Hydroxyacetic or glycolhc acid is the only acid which can be obtained from 
acetic acid : 


CHa-COOH CHgOHCOOH 

Acetic acid. GlycoUic acid (p. 414) 

Propionic acid yields two hydroxypropionic acids : 


CH 3 CH 2 -COOH CH3CH(0H);C00H CHgCOHlCHg-COOH 

Propionic acid. a-Hydroxypropionic acid. /3-Hydroxypropionic acid. 

Lactic acid (p. 415), Hydracrylic acid (p. 422). 


These are distinguished as a- and jS-hydroxypropionic acids respectively. 
The a-acid contains an asymmetric carbon atom, and therefore, theoretically, 
should yield an inactive variety, which can be resolved, and two optically active 
modifications : all three forms are known. 

Normal butyric acid yields three and tsobutyric acid two mono -hydroxy- 
acids : 


CHg-CHg-CHgCO 
n-Butyric acid. 


isoButyric acid. 




CH 3 *CH 2 ‘CH( 0 H)‘C 02 H a-Hydroxybutyric acid (p. 418) 
CH 3 ‘CH( 0 H)‘CH 2 *C 02 H / 8 -Hydroxybutyric acid (p. 423) 
CH 2 ( 0 H)*CH 2 *CH 2 *C 00 H y-Hydroxybutyric acid (p. 427) 

0 g^^C(OH ) ’00211 . . a-HydroxyzVobutyric acid (p. 

pTT 418) 

HOQu^^CH-COgH . . . jS-Hydroxyi^obutyric acid (p. 


Properties and Reactions 

Properties. — ^The hydroxy-fatty acids containing one OH-group are 
more readily soluble in water, and less soluble in ether than the parent 
acids (p. 296). They are less volatile and, as a general rule, cannot 
be distilled without decomposition. 

Reactions. — (1) The alcohol-acids behave like the monocarboxylic 
acids in that they yield, through a change in the carboxyl group, 
normal salts, esters, amides, and nitriles and other derivatives : 

CHaOH-COOK CHaOH'COOCgHs CHoOH-CONHa CHgOH-CN. 

(2) The remaining OH-group behaves like that of the alcohols, 
of which the hydrogen may be replaced by alkali metals and alkyls ; 
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by acid radicals such as NO 2, by the action of a mixture of con- 
centrated nitric and sulphuric acids ; or by a carboxylic acid residue, 
by the action of acid chlorides and anhydrides, such as the acetyl 
residue by means of acetyl chloride and anhydride, 


CHa-CHONOg 

1 

COOH 
Xitrolactic acid. 


CHg-CHOCOCHg 

1 

COOH 

Acetyl lactic acid. 


Both of these reactions are characteristic of alcoholic hydroxyl 
groups. 

Similarly, ethers can be formed from the alcoholic hydroxyl group. 
Thus, the compounds ethoxyacetic acid (ethylglycoUic acid) and its 
ester are known. Alkalis remove the alkyl esier-group, leaving the 
ether-gvovi^ untouched. Thus, ethyl ethoxyacetate is hydrolysed to 
ethoxyacetic acid. 

CgHgO CHa-COOCaHs CgHsO-CHa COOH 

Ethyl ethoxyacetate. Ethoxyacetic acid. 

(EthylglycoUic acid). 


(3) PCI5 replaces the two hydroxyl groups by chlorine : 


CHjOH-COOH + 2PCI5 ^ CHiCl COCl + 2POCI3 + 2HCI. 

Glycollic acid. Chloroacetyl chloride. 


The acid chlorides corresponding with the hydroxy-acids are not 
known. Instead of these we get the chlorides of the corresponding 
monochloro-fatty acids, in which the chlorine in union with CO is very 
reactive with water and alcohols, yielding free acids and their esters ; 
in the case cited, monochloroacetic acid, CHaChCOaH, and its esters 
result. The remaining chlorine atom is, on the contrary, more firmly 
united, as in chloroethane. 

(4) The hydroxy-acids are reduced to their corresponding fatty 
acids (p. 296) when they are heated with hydriodic acid. 

(5) Whilst in the preceding transpositions all the hydroxy-acids 
react similarly, the primary, secondary and tertiary alcohol-acids 
show marked differences when they are oxidized. 

{a) The primary hydroxy-acids yield, by oxidation, aldehyde 
acids and dicarboxylic acids. 


CHaOH-COOH > CHO-COOH COOH COOH 

Glycollic acid. Glyoxylic add. Oxalic acid. 

(6) The secondary hydroxy-acids yield ketone acids : the a-ketonic 
acids change to aldehydes and CO 2, the /5-ketonic acids to ketones 
and CO2 : 

CH3CH(0H)-C00H ^ CHjCO-COOH ^ CH3CHO -f CO^. 

(c) Tertiary a-hydroxy-acids yield ketones : 

^|[p>C(OH)COjH + O = 

(6) The a-hydroxy-acids undergo a similar decomposition when 
heated with dilute sulphuric or hydrochloric acid or by action of 
concentrated H2SO4. Their carboxyl group is removed as formic acid 
(when concentrated H2SO4 is employed, CO and HgO are the products) : 

(CH3)3C(0H)C02H = (CH3)3C0 4- HCOaH. 

CH 8 CH( 0 H)C 02 H = CHa-CHO -f HCOgH, 
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Another reaction takes place simultaneously to a small extent : 
water is ehminated, and unsaturated acids are produced. This change 
is easily efiected when PCI 3 is allowed to act on the esters of a- 
hydroxy-acids (p. 337). 

(7) The behaviour of the a-, /S-, y-, or (5-hydroxy-acids on elimina- 
tion of water from carboxyl and alcoholic hydroxyl groups is important. 

(a) The cn-hydroxy-acids lose water when they are heated and 
yield cyclic double esters — ^the hctMes — ^in the formation of which 
two molecules of the a-hydroxy-acid have taken part : 

COOH HO-CHCHg CO-O-CH-CHs 

I + I =11 + SHjjO. 

CH3CHOH HOCO CH3CHO-CO 

a-Hydroxypropionic acid (lactic acid.) t^-actide. 

{b) When the ^-hydroxy-acids are heated alone, water is withdrawn 
and unsaturated acids are the products (p. 337 ; C. 1897, I. 363) : 

CH2(OH)-CH,COjH = CHj ; CHCOjH + HjO. 

iS-Hydroxypropionic acid. Acrylic acid. 

Hydracryllc acid. 

(c) The y- and 6-hydroxy-acids lose water at the ordinary tempera- 
lure, and change more or less completely into simple cychc esters — 
the y- and d -Intones, The internal anhydrides of the jS-hydroxy- 
acids, the j^-lactones, are very much more difficult to prepare and 
much less stable (p. 271). 

The a-, y- and ^-amino acids show the same differences in 
behaviour as the corresponding hydroxy-acids. 

Structure of Normal Carbon Chains and the Formation of Lactones 

The peculiar differences in the behaviour of the a-, jS-, y- and S-hydroxy -acids 
when they split o30t water have contributed to the development of a representation 
of the spacial arrangement or configuration of carbon chains (Ber. 15, 630). The 
assumption that the atoms of a molecule not linked to each other in a formula can 
exert an affinity upon one another has led to the idea that, in a union of more 
than two C atoms, these atoms arrange themselves, not in a straight line, but 
upon a curve. We can then comprehend that cyclic, simple ester formation can 
not take place between the first and second carbon atoms, rarely between the 
second and third, but readily between the first and fourth or first and fifth carbon 
atoms, which have approached so near to each other that an oxygen atom 
is capable of bringing about a closed ring (see Alkylene oxide, p. 367, and Alky- 
lene imines, p. 386, as well as the strain theory of v. Baeyer in the introduction 
to the carbocyelic derivatives, Vol. 11). 

For the arrangement of the atoms in long carbon chains, see p. 33. 

It must not be concluded that the preferential formation of rings containing 
0 and 6 atoms precludes the formation of rings containing a larger number. 
Rings containing a large number of atoms occur in nature, e.g» civetonet the 
odoriferous principle of the civet-cat, contains a ring of 17 carbon atoms, and 
muscone one of 1 6 (Helv. Chim, Acta, 9 , 230, 249). Heterocyclic large ring systems 
also occur. The vegetable musks (in musk oil and angelica oil) are lactones 
with 16 and 17 ring members (Ber. 60, 902: see pp. 429, 454). 


A. SATURATED HYDROXYMONO- CARBOXYLIC ACIDS 

a-Hydroxy-acids 

(1) Glycollic acid, hydroxyaeetie acid [ethanol acid], CHj-OH- 
COOH, m.p. 80°, occurs in unripe grapes and in the green leaves of 
Virginia creeper, Ampehpsis hederacea. 
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History, — Glycollic acid was first obtained in 1848 by Strecher from amino- 
acetic acid or glyoocoll — Whence the name — ^by the action of nitrous acid. In 1856 
Debus discovered it together with glyoxal and glyoxylio acid among the oxidation 
products obtained from ethyl alcohol by the action of nitric acid* Wurtz in 
1857 observed its formation in the oxidation of ethylene glycol* and KehuZe 
in 1868 showed how it could be made by boiling a solution of potassium chloro- 
acetate (Ann. 105 , 286 ; comp. Ber. 16 , 2414 : Ann. 200 , 75 : Ber. 26, R. 
606). 

It is also produced by the action of potassium hydroxide on glyoxal 
(p. 398) ; by the reduction of oxalic acid (p. 535), and from &azo- 
acetic ester (p. 458). Its nitrile is formed from hydrocyanic acid and 
formaldehyde (p. 432), and is converted by hydrochloric acid into 
glycoUic acid. It is also formed with hexamethylene tetramine when 
formaldehyde is warmed with KlSfC (C. 1900, I. 402). Glycollic acid 
also appears in the oxidation of glycerol and dextrose by silver oxide. 

Glycollic acid crystallizes from acetone. It is very soluble in water 
and alcohol. DiglycoUide and polyglycollide (p. 420) are produced 
when it is heated. Nitric acid oxidizes it to oxalic acid. When 
heated with concentrated sulphuric acid, glycoUic acid decomposes 
into triox 5 methylene (metaformaldehyde, p. 236), carbon monoxide 
and water. 

Calcium salt^ (CH20HC02)2Ca + SHgO ; ethyl ester, CHaOH-COo- 
C 2 H 5 , b.p. 160°. 

Trichloroethyl alcohol (p. 145) can be regarded as being the 
chloride of orthoglycollic acid. 

(2) Lactic acid (of fermentation), oL-hydroxypropionic acid, ethyli* 
dene lactic acid, [2-propanol acid], CHsCH( 0 H)C 02 H, m.p. 18°, b.p. 
120°/12 mm. (Ber. 28, 2597), is isomeric with /S-hydroxypropionic 
acid, hydracrylic acid, CHaOH’CHgCOaH, which wiU be discussed 
later. 

Lactic acid is formed by the lactic acid fermentation of lactose, 
sucrose, gum and starch. It is, therefore, contained in many sub- 
stances which have soured — e.g, in sour milk, in sauerkraut, the lesser 
centaury (Erythroca centaurium) and in gastric contents in cases of 
pyloric obstruction. 

Methods of Formation, — ^The acid is artificially prepared by the 
methods already described : (1) from a-propylene glycol ; (2) from 
pyroracemic acid ; (5) from a-chloro- or bromo-propionic acid ; 

(6) from alanine ; (9) from acetaldehyde and hydrocyanic acid ; 
(13) by heating ^^ornalio acid, CH 3 C(OH)(COOH )2 (Ber. 26, E. 7). 

Other methods of formation are : the action of heat on dextrose or sucrose 
with water and 2-3 parts of barium hydroxide at 160® ; prolonged contact of 
hexoses with dilute sodium hydroxide solution (Ber. 41 , 1009) ; the interaction of 
pentoses, such as arabinose and xylose with warm potassium hydroxide solution 
(Ber. ^5, 669) ; heating a-dichloroacetone, CHs*CO*CHCl 2 , with water at 200®, 
and oxidation of acetol (p. 393) ; the two latter methods depend on the trans- 
formation of pyroracemic aldehyde into lactic acid by a Cannisarro dismutation. 

Lactic Acid Fermentation. — ^This fermentation is induced in sugar solutions 
by a particular ferment, the lactic acid bacillus, Bacillus acidi lacti, which is 
present in decaying cheese. It proceeds most rapidly at temperatures ranging 
from 36® to 45® (C. 1897, 11. 338). It is noteworthy that the bacillus is very 
sensitive to free acid. The fermentation is arrested when sufficient lactic acid 
is produced, but is again renewed when the acid is neutralized. Therefore, zinc 
or calcium carbonate (C. 1897, II* 20, 937) is added at the beginning, and the 
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lactic acid thus obtained either as the calcium or zinc salt. Should the ferment- 
ation continue for some time, the lactic will pass into butyric fermentation, 
the insoluble calcium lactate will disappear, and the solution will finally contain 
calcium butyrate (comp. n-Butyric acid, p. 304). On the formation of lactic 
acid as an intermediate product in the fermentation of dextrose to alcohol and 
CO 2 , see Ber. 37, 421 : Ann. 349, 125. 

Empirically, the lactic acid fermentation is the simplest fermentation, 

CgHigOe >• 2 C 3 H 6 O 3 , but the intramolecular changes involved in this 

breakdown are not yet clear. Possibly a reactive form of methylglyoxal, 
probably a hydrate takes part, 

2CH3-C(0H)2-CH0 > 2CH3-CH(OH)-COOH 

though methylglyoxal itself is not affected by the lactic acid bacteria (Z. physiol. 
Chem. 151, 232). 

This mechanism is supported on the one hand by the enzymatic conversion 
of glucose into methylglyoxal (Biochem. Z. 55, 495 : 71, 144), and in the other 
by the enzymatic dismutation of methylglyoxal into lactic acid (Biochem. Z, 
49, 502 : 51, 484). The hexosephosphoric esters also play a part as reactive 
intermediate products (Z. physiol. Chem. 153, 71). 

History, — Scheele (1780) discovered lactic acid in sour milk. In 1847 Liebig 
demonstrated that the sarcolactic acid found by Berzelius (1808) in the fluids of 
the muscles was different from the lactic acid of fermentation. Wurtz (1858) 
described the formation of fermentation lactic acid from a-propylene glycol and 
air in the presence of platinum black, and considered it a dibasic acid. Kolbe 
(1859) obtained lactyl chloride^' by the action of PCI 5 on calcium^ lactate. 
This body is identical with chloropropionyl chloride, and lactic acid is therefore 
monobasic and must be considered as hydroxypropionic acid. Later (1860) 
Wurtz called it a diatomic, monobasic acid, meaning to indicate thereby that one 
of the two t 3 rpical hydrogen atoms is more basic than the other. “ But it is much* 
more significant when Kehule declares that it is simultaneously an acid and an 
alcohol *’ (Ber. 20, E. 948). Strecher was the first to synthesize the acid from 
synthetic aminolactic acid or alanine, which had also been prepared by him 
through the interaction of hydrocyanic acid and aldehyde ammonia. 

Fermentation lactic acid is a syrup soluble in water, alcohol and 
ether, and is optically inactive (C. 1905, II. 1527). Placed in a desic- 
cator over sulphuric acid, it partially decomposes into water and its 
anhydride. When distilled it yields lactide (p. 420), aldehyde, carbon 
monoxide and water. 

Heated to 130° with dilute sulphuric acid, it decomposes into 
aldehyde and formic acid. Careful oxidation with permanganate, or 
catalytic dehydrogenation by palladium in the presence of a hydrogen 
acceptor such as quinone leads to the formation of pyruvic acid, 
while chromic acid oxidizes it to acetic acid and carbon dioxide. 

Hydrobromic acid converts it into a-bromopropionic acid, while 
hydriodic acid reduces lactic acid to propionic acid. With phosphorus 
pentachloride, a-chloropropionyl chloride is formed. 

Salts, — The sodium salt, CH 3 *CH(OH)-COONa, is amorphous, and forms the 
disodium derivative CH 3 -CH(ONa)’COONa when heated with sodium. The 
calciwn salt, (CsHgOalaCa, 5 H 2 O, is soluble in ten parts of cold water and more 
readily in hot. The zinc salt,i{CQHiO^)zZn, 3HgO, is soluble in 58 parts of cold 
and 6 of hot water. Ferrous salt, (CaHgOslaFe, SH^O. 


The Optically Active Lactic Acids. — ^Lactic acid contains an 

asymmetric carbon atom indicated in the formula CH 3 *CH{ 0 H)C 02 H 
by the small star. The acid can be resolved by strychnine, morphine, 
or quinine, into two optically active components, — dextrorotatory-lei,otic 
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acid and IcB'oarotatoryAdisCtiQ acid, — ^possessing similar but opposite 
rotary power. The strychnine salt of the Isevo-acid crystallizes out 
first, whilst the quinine salt of the dextro-acid is obtained first (Ber. 
24, R. 794: C. 1906, 1. 1150: 11. 499). 

On mixing solutions of equal quantities of laevo- and dextro-lactate 
of zinc, the zinc salt of fermentation lactic acid will be produced, and, 
being more insoluble, will crystallize out. The dextrorotatory modi- 
fication will remain, if Penicillium glaucum is permitted to grow in 
the solution of inactive ammonium lactate (Ber. 16, 2720), whilst 
the laevorotatory modification is produced in the breaking down of 
a sucrose solution by Bacillus acidi Imvolacti (Ber. 24, R. 150). 

The optically active lactic acids can be referred to glucose by a 
series of reactions involving malic and tartaric acids. The prefixes 
d’ and Z- refer to the stereochemical relatiojiships of the compounds, 
and not to their actual optical activity. When the configuration of 
tartaric acid is established, that of lactic acid can be derived there- 
from. (Stereochemical series, see Freudenberg, Ber. 47, 2027 : 55, 
1339.) The configuration of d-lactic acid is given by the following 
relations : 


COOH 


COOH 


COOH 


HC-OH 

I _ 
HO-C-H 

I 

COOH 

tf-Tartaric acid 
(Dextrorotatory). 


H.C.OH 

^ CH, 

I 

COOH 


(Ber. 47. H-C*OH (Ber. 47, 

2029) I 2029) 

^ CHaOH ^ 


<Z-Mai!c acid 
(De.\trorotatory). 


d-Glyceric acid 
(Lsevorotatory). 


COOH 

I 

H-C-OH 

I 

CH5 


d-Lactir acid 
(Ijsevorotatory). 


Sarcolactic acid, Z-(+)-ZacZic acid, paralactic acid {dextrorotatory 
lactic acid), was discovered by Berzelius in 1808 in muscle-fluid and 
shown by Liebig (1848) to be diflerent from the lactic acid of fer- 
mentation. It is present in different animal organs, and is most 
conveniently obtained from Liebig’s beef-extract. 

Sarcolactic acid is also formed during butyric fermentation (p. 304) 
by the granulo-bacillus and other butyric ferments (C. 1900, I. 777). 

Dextro- and Isevo-lactic acid, m.p. 26° approx., are very hygro- 
scopic bodies. Alkali is said to convert the Z-acid rapidly into the 
dl- modification, whilst the d-acid is changed more slowly (Compt. 
rend. 139, 203). 

The rotation of an approximately 1*24% solution of the crystal- 
lized acid in water is ± 2*24° (C. 1906, I. 1150). 

The dextro- and lasvo-lactates of zinc crystallize with 2 molecules 
of water (C 3 H 503 ) 2 Zn 2 H 2 O. For other salts, see Ber. 29, R. 899, 

Zinc Z-(+)-:lactate rotates the plane of polarization to the left, whilst 
the d-(— )-lactate rotates it to the right : [a]f = i 8*6°. 


Metabolism , — The importance of lactic acid ia metabolism was recognized 
by Salkowski in 1890. Meyerhof (Ber. 58, 991) has shown that in muscular 
work the greater part of 'the energy required is obtained by the exothermic 
breakdown (-h 27*8 cal.) of glycogen (p. 733) into an equivalent amount of 
lactic acid. During rest, the lactic acid is again synthesized into carbohydrate 
and stored as glycogen. The energy required to bring about this endothermic 
reaction is obtained by the combustion of a part of the lactic acid or of glucose 
VOL. I. EH 
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{Respiration). Tho following scheme shows the part played by lactic acid in 
metabolism : 


Exothermic process. 


Glycogen 

(C0Hio^5)h 



Muscular work. 



Lactic acid 
2.C3H0O3 


Endothermic process. 


Best. 


Simultaneously with the second process, 

CgHiaOe + 60a > ^^^2 + 6H2O (Respiration). 

(Neuberg, Z. angew, Chem. 38, 761 : Milchsdure und ihre bedeuiung fur Chemie 
und Physiologie.) 

Homologous a-Hydroxy- acids. — ^The homologous a-hydroxy-acids are 
necessarily, either secondary or tertiary alcohol acids. Glycollio acid is the only 
primary a-alcohol acid. 

(а) The secondary alcohol acids are generally formed (1) from the corresponding 
a-halogen fatty acids (method 5) ; (2) from aldehydes and hydrocyanic acid, 
and subsequent saponification of the nitriles of the hydroxy-acids by means of 
hydrochloric acid (method 9). 

(б) The tertiary hydroxy-acids result — 

(1) From the oxi^tion of dialkylacetic acids (method 3). 

(2) Upon treating a-ketone alcohols with alkalis and air (method 8, p. 411). 

(3) By the action of hydrocyanic acid and hydrochloric acid on ketones 
(method 9). 

(4) When zinc and alkyl iodides react with oxalic eater (method 11, p. 411). 

(6) From a-ketone-acid esters and magnesium alkyl halides (C, 1902, II. 1359). 

Hydroxybutyric acids. — ^Ail of the five possible isomers are known ; two 

of these are a-hydroxy-acids : (1) CL-hydroa^butyric add, OH8CIIaCH(OH)COjH, 
m.p. 43®, has been resolved by brucine into its optically active components 
(Ber. 28, R. 278, 326, 725). 

(2) a-Hydroxymobutyric acid, (CH8)gC(OH)COOH, m.p. 79®, b.p. 212®, is 
obtained from -isobutyric acid, from acetone and from oxalic ester (see above). 
It is produced when p-isoamylenQ glycol is oxidized by nitric acid, and is obtained 
from a-bromo- and a-aminoifiobutyrio acid as well as from amyl pyroracemate 
and CHsMgl, and from acetone chloroform. 

Trichloro-ier^. -butyl alcohol, Acetone chloroform, chloretone (CH8)2C(OH)- 
CCI3, m.p. 91®, b.p. 167®, is obtained by the union of acetone and chloroform 
in the presence of alkali hydroxides. It is the chloride of ori/w-a-hydroxytso- 
but3n:ic acid (p. 280) which stands in the same relation to a-hydroxy'isoWtyric 
acid that chloroform does to formic acid. Aqueous alkalis convert it into 
a-hydroxy25obutyric acid {WiUgerodt, Ber. 20, 2445 : 29, R, 908 : C. 1898, 
II. 277 : 1902, I. 176). It acts as an anaesthetic and an antiseptic. 

In the presence of phenols and sodium hydroxide solution, acetone and chloro- 
form yield a-phenoxyiaobutyric acids, C«H50C(CH3)gC00H (C, 1906, II. 326). 

a-Hydrox3rvaleric acids : orHydroxy-n-valeric acid, CHg-CHg-CHg'CH- 
(OH)-COgH, m.p. 28-29° (Ber. 18, R. 79). 

cc-HydroxyiaovaleriG acid, (CHs)2-pH*CH(OH)-C02H, m.p. 86®, is prepared 
from dimethyl p3nroracemic acid (p. 464) (Ann. 205, 28 : Ber, 28, 296 : C. 1902, 

l. 261). 

Methylethylglycollic add, a-hydroxy-a-methylbutyric acid, C2Hs*CMe(OH)*CO®H, 

m. p. 68® (Ann. 204, 18). 

a-Hydroxycaproic acids, orhydroxy-nrcaproic add, CH8[CH2]3CH(OH)- 
COOH, m,p. 61®, is prepared from a-bromo- or a-amino-n-caproic acid, 

OL-Bydrox^-mo-caproic acid, hudc acid, (CHs)2CH*CH2CH(OH)COOH, m.p. 73®, 
is obtained from leucine (p. 444) by means of nitrous acid (8'iracifecr. 1848). 

a-Bydroxy-dieihylacetie add, diethyl oxalic add, (C2Hs)«C(OH)*COOH, m.p. 
80* (Aim. 200, 21). 
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OL’Hydroxy-Tnethylisopropylacetic acid, (CH 3 )aCH»C(CHa)(OH)COOH, m.p. 63® 
(C. 1898, I. 202). 

OL‘Hydroxy’tert.’butylacetic acid, (CH 2 ) 2 C*CH(OH)COOH, m.p. 87®, is obtained 
from trimethyl pyroracemic acid (p. 464) by reduction. 

Higher a- Hydroxy-fatty acids : p-Diethyllactic acid, (C2H5)2CH*CB:(0H)- 
COOH, m.p. 82®, is prepared from y-bromo-y-acetoxy-a-diethyl acetoaeetic ester, 
(CaH 6 ) 2 C(COOEt)CO*CHBr(OCOCH 8 ), by means of dilute sulphuric acid (Ber. 
31, 2963). 

OL-Hydroxy-n-caprylic acid, CH 8 [CH 2 ] 5 CH(OH)COOH, m.p, 69*5®, is obtained 
from oenanthol. Di-n-propylglyooUic acid, oL-hydroxy-di-n^propylacetic acid, 
(C 3 H 7 )aC(OH)COOH, m.p. 72®, is prepared from butyroin (p. 394) (Ber, 23, 
1273). oi-Hydroxy-di’iaopropylacetic add, {C 3 H 7 )C(OH)COOH, m.p. Ill® (Ber. 
28, 2463). 

Di-isobutylglycoUic acid (C 4 H 2 ) 2 G(OH)COOH, m.p. 114®. 

Methylnonylglycollic acid, (C 9 Hi 9 )C(CH 2 )(OH)COOH, m.p. 46®, is obtained 
from methyl nonyl ketone (C. 1902, I. 744). 

a-Bromo -fatty acids have yielded the following: ct-hydrovnylauric acid, 
ChH 22 (OH)COOH, m.p. 74° (C. 1904, I. 261) ; cc-hydroxymyristic acid, CiaHje- 
(0H)*C02H, m.p. 51° (Ber. 22 , 1747) ; a-hydroxypalmitic acid, Ci5H3o(OH)C02H, 
m.p. 82° (Ber. 24 , 939 ) ; a-hydroxystearic acid, Ci 7 H 34 ( 0 H)C 02 H, m.p. 86® 
(Ber. 24 , 2388). 

In the following pages those a-hydroxy-acid derivatives will be described 
which belong to glycollic and lactic acids. 

Alkyl Derivatives of the cc-Hydroxy^acids 

An a-hydroxy-acid yields three kinds of alkyl derivatives ; ethers, esters and 
ether-esters : 

CHaOH-COOH CHa(OC2H5)*COOH CHaOH-COOCgHs CH8(OCaHs)-COOC2H5 
Glycollic acid. Ethoxyacetio acid. Ethyl glycollate. Ethyl ethoxyacetate. 

(1) The alkyl-ethers of the a-hydroxy-acids are obtained (1) by the action of 
sodium alcoholates on salts of the a-halogen substitution products of the fatty 
acids ; (2) by the saponification of the ether esters or alkyl ether nitriles (p. 432) 
of the a-hydroxy -acids. 

Methoxyacetic acid, CHaOCHa-COOH, b.p. 198®. Ethoxyacetic acid, 
b.p. 206-207° ; chloride, b.p. 128° (J. pr. Chem. [2] 65 , 479 : 0. 1907, I. 871). 

a-Ethoxypropionic acid, CH3CH(0C2H5)‘C02H, b.p. with partial decom- 
position 195-198°. It is split up by means of cinchonidine or morphine into 
its two optical components, which are remarkable for their large rotations. 

(2) Alkyl esters of the a-hydroxy -acids result (1) on heating the free acids 
with absolute alcohol ; (2) when the cyclic double esters, the iactides, are heated 
with alcohols. 

Glycollic Acid. — Methyl ester, CH 2 (OH)COOCH 3 , b.p. 151°. Eihyl ester, b.p. 
160°. 

Lactic Acid. — Methyl ester, CH8CH(0H)C02CHs, b.p. 145°. Ethyl ester, 
b.p. 154*6°. 

(3) The ether esters of the a-hydroxy-acids are produced (1) when sodium 
alcoholates act on the esters qf a-halogen fatty acids ; (2) by the interaction 
of alkyl halides and the sodium derivatives of the alkyl esters of the a-hydroxy- 
acids. 

Methoxyacetic Acid. — Methyl ester, CH 2 (OOH 8 )*COOCH 8 , b.p. 127° ; ethyl 
ester, b.p. 131®. Ethoxyacetic Acid. — Methyl ester, CH2(0-C2H5)C0-0CH8, b.p. 
148°. Ethyl eater, b.p. 152° (Ber. 17, 486), 

a-Methoxypropionic Acid. — Methyl ester, CH 8 CH(OCH 3 )COOCH 3 , b.p. 
136-138°; ethyl ester, b.p. 135*6°, Ethoxypropionic Acid.— ester, 
CH3*CH(0C2H5)*C00C2H5, b.p. 165® (Ann. 197, 21: Ber. 40, 212). 


Anhydride Fonmticm of the oi-Hydroxy-acids 

Since the a-alcohol-acids possess the characteristics of both carboxylic acids 
and alcohols, they are capable of forming various types of anhydrides. The 
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types of derivative theoretically obtainable may be illustrated by the derivatives 
of glycollie acid. 


j q^CHsCOOH 


:co>o 


2 . 


CHaCOOH 
HOCHoCO> 

Hocnr 


Alcohol anhydride of glycollie acid : DiglycoUic acid. 


HOCHaCO-^Q 
HOCO-CHa'^^ 


g Q^CHaCO- 


>0 


Glycollie anhydride (not known.) 

Alcohol- and acid-anhydride of glycollie acid : DiglycoUic 
anhydride. 

Open ester acid : GlycolloglycoUic acid. 

Closed, cyclic double ester of glycollie acid : Gly collide, 
the simplest Lactide. 

DiglycoUic acid, the alcohol anhydride of glycollie acid, C 4 HCO 5 , is formed 
together with glycollie acid on boiling monoehloroacetic acid with lime, baryta, 
magnesia, or lead oxide, and in the oxidation of diethylene glycol, 0 (CH 2 -CH 2 ’OH )2 
(p, 363). DiglycoUic acid crystallizes with HgO in large rhombic prisms. 

DiglycoUic anhydride, m.p. 97°, b.p. 240°, is isomeric with 

glycollide. It results upon heating diglycollic acid, or by boiling it with acetyl • 
chloride (Ann. 273, 64). 

GlycolloglycoUic acid, CH 2 (OH)COOCH 2 COOH, generally termed “ glycol- 
lie anhydride, and lactyllactic acid, CH 3 CH(OH)COOCH(CH 3 )COOH, com- 
monly called “ lactic anhydride have not been well studied. They are produced 
when the free a-hydroxy-acids are heated to 100°, and constitute intermediate 
steps in the lactide formation (Ber. 23, K. 325). Distillation of lactic acid 
produces lactyl lactic acid, lactide, and also lactyl lactyl lactic acid, CH 3 CH(OH-. 
COOCH(CH 3 )COOCH(CH 3 )COOH, m.p, 39°, b.p. 235-240° (C. 1905, I. 862). 
OH CO 

Diglycollide, ^O, m.p. 86°, is produced when polyglycollide is 

distilled under greatly reduced pressure. When heated at the ordinary pressure, 
or if kept, it reverts to polyglycollide, from which it differs by its lower melting 
point and ready solubility in chloroform. It combines readily with water (Ann. 
279, 45). 

Polyglycollide, (C2H202)a,>,m.p. 223°, is formed on heating glycollie acid, and 
when dry sodium chloroacetate is heated alone to 150°. It passes into glycollie 
esters when heated with alcohols in sealed tubes (Ann. 279, 45). 

Lactide. m.p. 125°, b.p. 255°, b.p. 138°/ 12 mm., 

(Ber. 28, 2595), results on heating lactic acid under diminished pressure. It 
can be recrystallized from chloroform (Ann. 167, 318 : Ber. 25, 3511 : 28, 2595). 
d- and \-Lactide, m.p. 95° (C. 1906, I. 1329). The optical rotation of the lactic 
acids is increased greatly by lactide formation. 

Homologous laetides, see Ber. 26, 263 ; Ann. 279, 100. 

COO 


Cyclic Ether Esters. — Methylene glycollate, \ 


> 

2 O/ 


and formaldehyde (C 

b.p. 214° (Ber, 27, 2945) 


31° 


glycollie acid 
COOCHg 
I 1 , m.p. 

CH2OCH2 

COOv 

Methylem lactate, 1 \CHo, b.p. 153 
CH3CHO/ 

COO\ 

lactate, | NCH-CHo, b.p. 151 
CH3CHO/ 

aldehyde are heated to 160°. 


CH 2 ' 

1901, 11. 1261). 


IHg, is obtained from 
Ethylene glycollate. 


(Ber. 28, R. 180). Ethylidene 


is produced when lactic acid and acet- 
Its hexachloro-derivative is chloralide (below). 


Acid Esters of the cL-Hydroxy-acids 

NitroglycoUic acid, m.p. 54°, results, together with nitroglycollyl glycollie 
acid, NO 2 OCH 2 COOCH 2 COOH, from glycollie acid and nitrosulphuric acid. 
Nitrojactic acid, CH3CH(ON03)COOH, is ayelldw liquid, decomposing at the 
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ordinary temperature into oxalic and hydrocyanic acids (Ber. 12, 1837 : C. 1903, 
II. 488 : 1904, I. 434). Monohalogen acetic acid (p. 334) anda-halogen propionic 
acid (p. 335) are looked on as being haloid acid esters of a-hydroxy-acids. 

Acetoxyacetic Acid. — Acetylglycollic acid, CH20(COCH3)COOH, m.p. 67®, 
b.p. 145®/ 12 mm., is obtained from glycollic acid and acetic anhydrides ; chloride, 
b.p. 54°/14 mm.; ctkyl ester, CH20(C0CH3)C00C2H5, b.p. 179®. 

a-Acetoxypropionic Acid. — Acetyllactic acid, CH3CH(OCOCHa)COOH, m.p. 
57-60°, b.p. 127°/11 mm., is prepared from lactic acid and acetyl chloride ; 
chloride, b.p. 56°/ll mm. (Ber. 36, 466 : 37, 3971 : 38, 719 : C. 1905, I. 1373). 

Halogen a-Hydroxy -acids 

j5-Monohalogen Lactic Acids. — ^-Chlorolactic acid, CH2C1CH(0H)C02H, 
m.p. 78®. ^-Bromolactic acid, CHjBrCHOHCOgH, m.p. 89®. ^-lodolactic acid; 
CH2lCH{0H)C02H, m.p. 100°. These three acids ar e prepar ed by adding 

hydrogen chloride, bromide or iodide to glycidic acid, CH2CH{0)C02H. 

j3-Chlorolactic acid is also formed from monochloroacetaldeh yde by th e action 

of hydrocyanic acid and by the oxidation of epichlorohydrin, l3H2CH((!>)CH,CI, 
and a-chlorohydrin, CH2C1CH(0H)*CH20H, with concentrated HNO3 ; as well 
as by the addition of hypochlorous acid to acrylic acid (together with a-chloro- 
hydracrylic acid). 

Silver oxide converts it into glyceric acid ; when reduced with hydriodic acid 
it yields ^-iodopropionic acid. Heated w'ith alcoholic potassium hydroxide it 
is again changed to glycidic acid, just as ethylene oxide is obtained from glycol 
chlorohydrin (p. 367). 

Higher halogen substitution products of the a-hydroxy-acids have been prepared 
by the treatment of halogen aldehydes, such as dichloroacetaldehyde, chloral, 
bromal, and trichlorobutyric aldehyde, with hydrocyanic acid and hydrochloric 
acid. Trichlorolactic acid has been the most thoroughly studied. 

S-Dichlorolactic acid, CHCl2 CH(0H)-C02H, m.p. 77°. 

jS-Trichlorolactic acid, CCl3-CH(0H)002H, m.p. 105-110®, is soluble in 
water, alcohol and ether. Alkalis easily change it into chloral, chloroform and 
formic acid. Zinc and hydrochloric acid reduce it to dichloro- and mono-chloro- 
acrylic acids (p. 342). 

Because trichlorolactic acid yields chloral without difficulty, it is converted 
quite readily, by different reactions, into derivatives of chloral, and also of 
glyoxal, probably by decomposition into dichloroaldehyde and CO2, e.g. it forms 
glyoxime with hydro xylamine, and glycosine with ammonia (p. 399, and Ber. 17, 
1997). 

Ethyl trichlorolactaie, CCl3CH(OH)COOC2H5, m.p. 66®, b.p. 235°, is prepared 
from chloral cyanohydrin with alcohol and sulphuric or hydrochloric acid (Ber, 
18, 754). 

Ckloralide, trichloroethylidene trichlorolactaie, CC13 *CH<^qq ^CH-CCls, m.p. 

114°, b.p. 272°, w^as first prepared by heating chloral with fuming sulphuric 
acid to 105®, and subsequently when trichlorolactic acid was heated to 150® with 
chloral. When heated to 140° with alcohol, it breaks up into trichlorolactic 
ester and chloral aleoholate {Wallach, Ann. 193, 1). Chloral also unites with 
lactic and other hydroxy-acids, glycollic, malic, salicylic, etc., formihg compounds 
very similar to that with trichlorolactic acid, known as chloralides (Ann. 193, 1). 

Tribromolactic acid, CBr3-CH(0H)C02H, m.p, 141-143®, unites with 
chloral and bromal to corresponding chloralides and bromalides. 

Trichlorovalerolactic acid, CH3CCl2CHCl-CH(0H)*C02H, ra.p. 140° (Ann. 
179, 99). 


^-Hydroxycarboxylic Acids 

Generally the j^-hydroxycarboxylic acids, when heated, part with 
water and become converted into unsaturated olefine carboxylic acids ; 

CHgOH-CHa-COaH CH2=CHC02H. 

Hydracrylic acid. Acrylic acid. 
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In the case of the higher homologues of ethylene lactic acid, when 
water is eliminated, both ajS- and jSy-olefine carboxylic acids (Ber. 26, 
2079) result. 

Only under very special conditions (agitation of the sodium salts 
of j8-halogen-fatty acids in chloroform) is it possible to obtain the 
internal anhydrides {^^lactones) of the ^-hydroxy^acids (see p. 333). 
They are more readily obtained by the addition of ketens to carbonyl 
compounds. 

CHsCl-CHj-COOH > (k/CHs-cio 

a-Bialkyl'jS-hydroxy-acids and their esters are prepared from the dialkyb 
acetoacetic esters by reduction, and from aldehydes, and a-bromodialkylacetic 
esters by the action of zinc. Those which possess no hydrogen atom in the 
a-position free to take part in the splitting off of water decompose in various 
ways : when heated, some are converted into a mixture of aldehydes and dialkyl- 
acetic acids ; others yield semilactides, like the a-hydroxy -acids (p. 420) (C. 
1904, I. 1134) : 

CH 3 CH{OH)C(C 2 Hfi) 2 COOH = CH 3 CHO -f 

)3-Hydroxy-a-diethylbutyric acid. Diethylacetic acid. 

CH 2 (OH)C(CH 3 ) 2 COOH 
Hydroxypivalic acid. 

CH 2 (OH)C(CH 3 ) 2 COO[CHgC(CH 3 ) 2 COO] 4 CH 2 -C(CH 3 )gCOOH 

The esters of such acids containing free hydrogen atoms attached to a carbon 
atom in the y-position react with ^ 2^5 ^ ^ benzene solution and form jSy-olefine 
carboxylic acids ; in other cases atomic migration occurs, and ajS-olefine carboxy- 
lic acids result (p. 338) (0. 1906, I. 999: 11. 318). 

j 8 -Hydroxy -acids are produced (1) in the oxidation of primary-secondary and 
primary-tertiary glycols ; (2) (p. 466) by the reduction of j5-ketonecarboxylic 
esters (secondary hydroxy-acids) ; and (3) on boiling j 8 y-olefine carboxylic acids 
with sodium hydroxide. (4) Zinc and the esters of the monohalogen fatty acids 
— e.gr. bromoisobutyric ester — combine with aldehydes (i^obutyraldehyde) to 
form secondary j 8 -hydroxy-acids, and with ketones to form tertiary j3-hydroxy- 
acids (Ber. 28, 2838, 2842 : C. 1906, I. 999 : II. 318). In these reactions the 
following stages can be recognized ; 

L CHjCl-COaR' -f Zn = CH 2 (ZnCl)COOIl' 

II. CHj(Zna)CO.R' + (OsH,),CO = 

ni. + H,0 = + Zn<Op 

This reaction resembles in all its stages the preparation of tertiary alcohols 
from ketones and alkyl magnesium halides (p. 133). 

Hydracrylic acid, ethyhne lactic acid, [3-propanol acid], CH 2 (OH)*- 
CHg'COaH, is isomeric with ordinary lactic acid, and is obtained (1) 
by the oxidation of trimethylene glycol ; (2) from ^-iodopropionic 
acid, or ^-chloropropionic acid, with moist silver oxide ; (3) from 
acrylic acid by heating with aqueous sodium hydroxide to 100° ; 
(4) by the saponification of ethylene cyanohydrin with hydrochloric 
acid. This reaction enables the synthesis of hydracrylic acid from 
ethylene : 

CHa CH 2 CI CHa\ CHaCN OILfiOJS. 

,il ^ I > 1 >0 I ^ ) 

CHa CHaOH CHa/ CHaOH CHaOH 

1 KCX 

The free acid forms a non-crystallizable, thick syrup. When heated 
alone, or when boiM with sulphuric acid (diluted with 1 part HaO), it 
loses water and forms acrylic acid (hence the name hydracrylic acid). 
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Hydriodic acid converts it into /5-iodopropionic acid. It yields 
oxalic acid and carbon dioxide when oxidized with chromic acid or 
nitric acid. 

The sodium salt, CH2(0H)CH2C02Na, m.p. 142-143°, and the calcium salt 
+ 2H2O, m.p. {anhy(£:ous) 140-150°, when heated above their melt- 
ing points pass into the corresponding acrylates. The zinc salt, (C3H503)2- 
Zn + 4H2O, is soluble in water and alcohol, whereas the latter precipitates zinc 
salts of the isomeric acids. 

^-Amyloxypropionic acid, CsHnOCHgCHgCOOH, b.p. 140°/20 mm., yields the 
diamyl-ether of tetramethylene glycol, when its sodium salt is electrolysed (p. 364) 
(C. 1905, I. 1698). 

jS-Hydroxybutyric acid, [3-butanol acid], CH3CH(OH)CH2COaH, is formed 

(1) by the oxidation of aldol (p. 390) ; (2) by the reduction of acetoacetic ester 
(p. 473) with sodium amalgam ; (3) from a-propylene chlorohydrin, CH3CH(OH)- 
CH2CI, by the action of KCN and subsequent hydrolpis of the cyanide. It is 
a syrup and is volatile in steam. Heat decomposes it into water and crotonic 
acid, CHg-CH ; CHCOOH. Conversely, crotonic ester unites with alcohol in 
the presence of CgHgONa to form ^-ethyoxybutyric ester, C2H50-CH(CH3)CH2- 
CO2R (Ber. 33, 3329). The racemic acid is split by means of its quinine salts; 
the ZcBvo-rotatory component [ajo = — 24*9° separates out, and the derZro-rotatory 
component is obtained from the mother liquor. An optically active jS-hydroxy- 
butyric acid has been isolated from diabetic urine (Ber. 18, R. 451). 

^-Hydroxywobutyric acid, a-methylkydracrylic acid, CHgOH-CHMe-COOH, 
is obtained from a-bromopropionic ester, triox5rmethylene and zinc. Ethyl ester, 
b.p. 79°/7 mm. (Ann. Chim. [8] 17, 390.) 

Hydroxyvaleric Acids. — p-Hydroxy-n-valeric acid, 

CO2H (Ann. 283, 74, 94). p-Hydroxy-a-methylbutyricacid,C'RQOK{0'Ei)01i{C‘S.^y 
COgH (Ann. 250, 244). a-Ethylhydracrylic acid is a syrup : ethyl ester, b.p. 
96°/3 mm., is obtained from trioxymethylene and a-bromobutyric acid in benzene 
solution with zinc (C. 1906, II. 45, 640). fi-Hydroxyisovaleric acid, (CH3)2C(OH)- 
CHa'CCgH, results when fsovaleric acid is oxidized with KMn04 (Ann. 200, 273). 
OL-Dimethylkydraorylic acid, hydroxypivalic acid, 'EX)'OKfi{Cll^)200OEi, m.p. 124° ; 
ethyl ester, b.p. 86°/16 mm., is obtained from trioxymethylene, bromoisobutyrio 
ester and zinc (C. 1902, I. 643). Acetoxypivalic chloride (C. 1908, I. 1531). 

Hydro3^caproic Acids* — p-Hydroxy-H’Caproic acid, 

CH2CO2H, is formed on boiling hydrosorbie acid with sodium hydroxide (Ann. 
283, 124). ^-Hydroxy-(X,’ethylbutyric acid, CH3CH(0H)CH(C2H5)C02H (Ann. 
188, 240). ^-Hydroxy-a-methylvaleric acid, CH3CH2CH(OH)CH(CH3)C62lI 
20, 1321). p-Hydroxyisocaproic acid, (CH8)2CHCH(0H)CHaC02H (Ber. 29, B. 
667). pp-Meihylethylhydracrylic acid is obtained by oxidation of methyl ethyl 
allyl carbinol (0. 1900, I. 1069), a-Methyl-^-ethylkydracrylic acid is a syrup. 
oL-Methyl-a-ethylhydracrylic acid, m.p. 56®. a-Propylhydracrylic acid is a syrup. 

a, ’isoPropylhydracrylic acid, m.p. 64°. cLa^-Trimethylhydracrylic acid, m.p. 31°, 

b. p. 148°/5 mm., is obtained as an ester (method of formation, No. 12, p. 411). 

Hydroxyheptoic Acids. — ^-Hydroxyisoheptoic acid, (CH3)2CHCH20H(0H)* 
CH2CO2H, m.p. 64° (Ann. 283, 143). ^-Methylpropylhydracrylic acid, (CHg)- 
(C3H7)C(0H)CH2C02H, is produced in the oxidation of methyl allyl propyl 
carbinol (J. pr. Chem. [2] 23, 267). p-Diethylhydracrylic acid, (C3H5)2G(OH)- 
CHaCOgH, results from the oxidation of diethyl allyl carbinol, (J. pr. Chem. 

[2] 23, 201) (p. 152). (x,’Methyleihyl-p-hydroxyhiityric acid, CH3CH(OH)C(OH3)- 
(C2H5)C02H (Ann. 188,266). Tetramethylhydracrylic acid, (CHg)2C(OH)C(GH3)2- 
COgH, m.p. 162°, is prepared from acetone, bromoisobutyric ester and zinc. It 
yields COg and dimethyh^cpropylcarbinol when heated. The ester and PgO 5 yield 
dimethylifiopropenylacetic acid (Ber. 28, 2829 : C. 1906, I. 909). cH'DimethyU 
p^ethylhydracrylic acid, C2H5CH(OH)C(CH3)2COOH, m.p. 103° (C. 1901, I. 
1196). 

p^Hydroxyisooctylicacid, (CH3)2CHCH3CH2CH(0H)CH2C02H, m.p. 36° (Ann. 
283 , 287). ^-Hydroxy -a-mcthyl propylbutyric acid, CH3CH(0H)C(CH3)(C3H7)C02H 
(Ann. 226, 288), ^-Hydroxy -oL’diethylbutyrk acid, CH3CH(0H}C(C2H5)2C02H 
(Ann. 201, 65 : 266, 98). oL-Dimethyl-P-iBopropylhydracryUcacid, (CH3)aCH'CH- 
(0H)*C(CH3)2*C02H, m.p. 92° (Ber. 28, 2843), is obtained also by oxidation of 
the corresponding glycol or aldol (p, 391) (C. 1902, I. 461). 
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The y- and (5-Hydroxy-acids and their Cyclic Esters, the y- 
and (3 -Lactones 


The y- and (3-hydroxy-acids are distinguished from the a- and 18 - 
hydroxy-acids by the fact mentioned (p. 414) that they are readily 
capable of forming simple cyclic esters, when the carboxyl group 
enters into reaction with the alcoholic hydroxyl group. This is a 
reaction that is accelerated by mineral acids as in the case of the for- 
mation of the ordinary fatty acid esters. The cyclic esters of the y- 
and 5-hydroxy-acids are called y-Lactones and 6-Lactones. In the first 
there is a chain of four, in the second a chain of five carbon atoms 
closed by oxygen. They sustain the same relation to the oxides of 
the y- and 5 -glycols, and to the anhydrides of the y- and 5 -dicarboxylic 
acids, that the open carboxylic esters bear to the ethers of the alcohols 
and fatty acid anhydrides. The following scheme represents these 
relations : 


Ethyl ether. 
CHa-CH, 


> 


CH3CO 

Ethyl a<3etate. 
aCHoCO 


Tetraniethylene oxide. 


> 


jSCHaCHay- 

•y-Butyrolactone. 


Acetic anhydride. 
CHaCOv 

I >0 

CHjCO/ 
Succinic anhydride. 


This lactone formation occurs more or less easily, depending upon 
the constitution of the y-hydroxy-acids. The same causes which 
influence the anhydride formation with saturated and unsaturated 
dicarboxylic acids exert their power with the y-hydroxy-acids. 

It has been seen “ that increasing magnitude or number of hydro- 
carbon residues in the carbon chains closed by oxygen favours the in- 
tramolecular splitting-off of water among the y-hydroxy-acids (Ber. 
24, 1237). When the y-hydroxy-acids are separated from their salts 
by mineral acids they break down, especially on warming, almost 
immediately into water and lactones. When the latter are boiled 
with alkali carbonates they are converted into salts of the hydroxy- 
acids. This is more readily accomplished through the agency of the 
alkali hydroxides. The y-lactones are characterized by great stability, 
being only partially converted into hydroxy-acids by water, after 
protracted boiling, whereas those of the 5 -variety gradually^ absorb 
water at the ordinary temperature and soon react acid (Ber. 16, 
373). 


History . — ^The first (1873) discovered aliphatic lactone was butyrolactone, 
obtained by Saytzejf, who, how'ever, regarded it as the dialdehyde of succinic 
acid. ErlenmcyeTf Sr. (1880), expressed the opinion that lactones could only 

exist when they contained the group C — C — C — COO, which is present in the 
anhydride of succinic acid (Ber. 13, 305). Almost immediately afterwards J. 
Bredt demonstrated that isocaprolactone, from pyroterebic acid, was in fact a 
y-lactone (Ber. 13, 748). Fittig, as the result of a series of excellent investiga- 
tions, established the genetic relations of the lactones to the hydroxy-acids and 
misaturated acids, and taught how this class of bodies could be produced by 
now methods. E. Fischer has shown that polyhydroxylactonos play an especially 
important role in the synthesis of the various varieties of sugar, 
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General ynethods of formation of the y-hydroxycarboxylic acids and 
the y -lactones : 

(1) By the reduction of the y-ketone carboxylic acids with sodium 
amalgam : 

CHgCO-CHijCHaCOOH + 2H = CH3CH(OH)*CH2CH2CO-sH. 

Liievulinic acid. y-Hydroxyvaleric" acid" 

(2) From the y-halogen fatty acids : (a) by distillation, when the 

lactones are immediately produced : 

ClCHsCHgCHaCOaH ^ CHgCHgCHgCOO + HCl ; 

(b) by boiling them with water, or with alkali hydroxides, or carbon- 
ates. In the latter case y-lactones are even produced in the cold. 

(3) From unsaturated acids in which the double union occurs in 
the Py- or y^-position, that is, from the or Ay- unsaturated acids : 

(а) by distillation ; 

(б) by digestion with hydrobromic acid, when an addition and 

separation of hydrogen bromide occur ; 

(c) by digestion with dilute sulphuric acid (Ber. 16, 373 : 18, 

R. 229 : 29, 1857) : 

CH2=&CHj&jCOjH > CHjcSHCHjCH^Cod 

Allyl acetic acid. y-Valerolactone. 

(4) By the decomposition of y-lactone carboxylic acids into y- 
lactones and COg, by distillation, whereby the isomeric unsaturated 
acids are also produced (p. 337) : 

^|[»>dcH(COOH)-CHjCod >- ^]|p>(!!-CH 2 -CHjj-Cod + COj. 

Terebic acid. isoCaproIactone. 

By similar reactions lactones can be formed by decomposition of 
the condensation product of glycol halogenhydrin (p. 369), (a) with 
sodium acetoacetic ester, and (b) sodium malonic ester. 

(5) Reduction of the derivatives of dicarboxylic acids leads to the 
formation of glycols (Method 66, p. 360). Hydroxy-acids are formed 
as intermediate products during reduction ; in the cases of esters, 
chlorides, or anhydrides of the succinic and glutaric acid series, reduc- 
tion with sodium amalgam or aluminium amalgam, or with sodium 
and alcohol, gives rise to a 5-50% yield of y- and 6-hydroxy-acids 
or their lactones. 


CHg—COv 

> 


CHg— CO/ 

Succinic anhydride. 

Glutaric anhydride. 


CHg— CHo\ 

> I >0 

CHj— CO / 

Butyrolactone. 

fi-Valerolactone. 




CHj— CHaOH 
Tetraincthylenc glycol. 

^ ptt ^CHa--CH,OH 

> CHaOH 

Pentamethylene glycol. 


Since it is possible to prepare the semi-nitrile of the higher di- 
carboxylic acids by means of potassium cyanide, and to convert these 
again into lactones, these reactions constitute a method for the syn- 
thesis of higher lactones out of the lower members, Alkyl-suc- 

cinic acids and a^ym.-alkylglutaric acids when reduced yield usually the 
two possible lactones (Ber. 36, 1200 : C, 1904, 1. 925 : 1905, II. 755). 
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Nucleus-synthetic Methods of Formation : 

(6) The action of zinc alkyls on the chlorides of dibasic acids, or 
of magnesium alkyl halides on y-ketonic esters (C. 1902, 11. 1359). 

(7) Action of potassium cyanide on y-halohydnns, and subsequent 
saponification of the resulting nitriles. 


Nomenckiture. — y-Lactones may be viewed as a-, and y-alkyl substitution 
products of butyrolactone, and may be named accordingly; thus, y-methyl 
butyrolactone for valerolactone ; 



OT5-£h-CHj-CHj-COO 
! I 


The “ Geneva names ” terminate in “ olide ; thus, butyrolactone == 
[butanolide] ; valerolactone = [1 : 4-pentanolide]. 


Properties of the y- and d-Lactones . — They are usually liquid bodies, 
easily soluble in water, alcohol, and ether. They possess a neutral 
reaction, and a faintly aromatic odour, and can be distilled without 
decomposition. The alkali carbonates precipitate them from their 
aqueous solution in the form of oils. 

Beactions. — (1) They are partially converted into the corresponding 
hydroxy-acids when boiled with water. A state of equilibrium arises 
here, the position of which is much influenced by the number of alkyl 
groups contained in the y-lactones. (2) The lactones are changed 
with difficulty by the alkali carbonates into salts of the correspond- 
ing hydroxy-acids (Ber. 25, R. 845), whereas the alkali hydroxides 
and barium hydroxide solution effect this more readily. (3) Many 
y-lactones combine with the halogen acids, forming tie corresponding 
y-halogen fatty acids ; others do not do this. In the latter the lac- 
tone union is easily severed on allowing hydrochloric or hydrobromic 
acid to act on the lactones in the presence of alcohol, when the alkyl 
esters of the corresponding y-chloro- and y-bromo-fatty acids are 
formed (Ber. 16, 513). Lactones are converted into the esters of 
hydroxy-acids by heating them with sulphuric acid in alcoholic solu- 
tion (Ber. 33, 860). 

(4) The y-laotones unite with ammonia, without separation of 
water (p. 431). Similarly, hydrazine gives characteristic crystalline 
addition-products, easily split up into hydrazine and lactone (C. 1905, 
I. 1221). 

5. Sodium and alcohol reduces the lactones to glycols. The y- 
lactones of the ay-dihydroxy-acids are of theoretical importance as 
they form simple models of the hexonic lactones, and like them, are 
reduced by so&um amalgam to, probably, the ay-dihydroxyaldehyde 
(B.er. 54, 2634) : 

E*CH*GHa-CHOH-CO — ^ R-CH-CHa-OHOH-CHOH 

1 0 1 ' o 5 

(6) Potassium cyanide unites with the formation of potassium salts 
of the nitrile-carboxylic acids. 

(7) The lactones condense under the influence of sodium and sodium 
alcoholate to compounds which give up water when treated with acids 
to form substances composed of two lactone residues. When boiled 
with bases, these bodies are converted to hydroxycarboxylic acids, 
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which split off carbon dioxide, forming oxetones (q.v.), derivatives of 
dihydroxyketones : 


CH,-CH-CHj /CHj-CHj _h.o CHaCH-CH, 

I >C!Ha + OC< I >■ I >C: 

O— CO \0 — CHCHa 0— CO 

CHa— CHj /CHa— CHa _co. CHaCH CHa 

I >C< I I >C: 

CH 3 CH— 0 ^CH-CHa OHHOCO 





y-Lactones 

Butyrolactone [butanolide], CHa-OH^-CHs-Cod, b.p. 206°, has been 
obtained (1) by allowing sodium amalgam and -glacial acetic acid to 
act on succinyl chloride in ethereal solution (ibm. 171 , 261 : Ber. 
29 , 1192) ; ( 2 ) from jS-formylpropionic acid (p. 457) by reduction ; 
(3) from butyrolactonecarboxylic acid splitting-off of 

CO 2 (Ber. 16 , 2592) ; (4) by the distillation of y-chlorobutyric acid 
(Ber. 19 , R. 13) ; (5) from hydroxyethylacetoacetic ester (from ethylene 
chlorohydrin and acetoacetic ester) by decomposing it with barium 
hydroxide (Ber. 18 , R. 26) ; (6) by treating y-phenoxybutyric acid 
with hydrobromic acid (Ber. 29 , R. 286). 

Lactones, CgHgOj; y-V aUrolacton&y y^ymthyl butyrolactone, [1 : 4-peiitano- 

lide], 0H3*CH‘CH2*CH2*C00, b.p. 206°, occurs in crude wood vinegar, and may 
be prepared (1) by the reduction of laevulinic acid, CHsCO'CHgCHgCOaH (Ann. 
208, 104) ; (2) by boiling allylacetic acid with dilute sulphuric acid ; (3) when 
y-bromovalerio acid is boiled with water ; (4) on heating y-hydroxypropyl 
malonic lactone to 220° C. (Ann. 216, 56) ; (5) and in small quantities when methyl 
paraconic acid is distilled (Ann. 255, 25). Dilute nitric acid oxidizes y-valero- 
lactone to succinic acid, whilst B1 converts it into w- valeric acid. 

I ! 

(X'Methylbuiyrolactone, CH.2CJIfiK{0K^)0OO, b.p. 201°, is obtained from 
pyrotartaric chloride or anhydride by reduction (Ber. 28, 10 : 29, 1194 : C. 1905, 
IL 755). 

Lactones : CeHio02‘ y-xi-Gaprolactone, y-ethylbutyrolactone, [1 : 4-Hex- 

anolide], CHj'CHaCHCHgCHaCOO, b.p. 220°, is formed by the general 
methods 2, 3, and 4. It also appears in the redaction of gluconic acid, meta- 
saccharic acid and galaetonic acid by hydriodic acid (Ber. 17, 1300 : 18, 642, 
1555). 

OL'JSJthylbutyrolactQue, b.p. 219°, is prepared from ethyl succinic anhydride and 
from a-ethyl-a-ethoxyacetoacetic ester. 

py-Diimthylbutyrolactorie, b.p. 209°, is obtained from jS-aoetobutyrie acid. 

oLy-Dimethylbutyrolactonef b.p. 206°, is obtained from acetoisobutyric acid. 

aoL'Dimethylbutyrolactone, b.p. 202°, is formed, together with its isomer 
^^•dimethylbutyrolactone, by reduction of 'w/w?y?w.-dimethylsuccinic ester as 
anhydride (C. 1904, I. 925 : II. 587). 


isoOaprolactom, y’dimethylbutyrolactorie, (CH8)aCCH£GHj5C06, m.p, 7°, b.p. 
207°, is produced together with pyroterebic acid in the distillation of terebic 
acid. (See general method 4, p. 425.) Fyroterebic acid itself passes on long 
boiling into iffocaprolactone. It can also be obtained from wobutyric aldehyde, 
malonic acid and acetic an^dride (Ber. 29, R. 667). 

Lactones ; 0,1112^2 y^^-Heptola^tone, y-n-Propylbutyrolaetone, CH3CH2- 

CH,(iHOHjCH,CO(!), b.p. 235°, is obtained from y-bromcenanthic acid, from 
«r-propylparaconic acid, and from dextrose carboxylic acid, as well as from 
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galactose carboxylic acid on treatment with hydriodic acid (Ber. 21 , 918). y-iso- 

Propylbutyrolactane,^ (CH3)2CH-(!;HCH2CH2Cod, b.p. 224°, is formed from iao- 
propylparaconic acid, a- and ^-isoPropylbuiyrolactone are obtained from iso- 
propyisuccinic anhydride. aaLy-Tnjriethylhutyrolacione, cc-dimethylvalero-^ylactonei 

CH,-(jH-CH4C(CHa)jCOcl, m.p. 52°, b.p. 86°/15 mm., may be obtained from 
a-dimethyllaevulinic acid (mesitonic acid (^.w.)) and from aay-trimethylvinylacetic 
acid (C. 1904, I. 720). oLyy-Trimethylbutyrolactone, m.p. 50°, is prepared from 
ayy-trimethyl-^-hydroxybutyric acid (comp. p. 423) (C. 1897, II. 572). CL-Ethyl- 
y-methylhutyrolactone, b.p. 219°, is prepared from a-ethyl-jS-aeetopropionic acid 
and ethylallylacetic acid, mode of formation, No. 3 {Ber. 29, 1857). yy-Methyh 
ethylbutyrolactonet b.p. 106°/18 mm., is obtained from Isevulinic ester and ethyl 
magnesium halides. 

Lactones : CgHiiOg. y-isoButylbutyrolactone is prepared from iso-butyl- 
paraconic acid. y-Methyl-OL-pfropylbutyrolactom, b.p. 233°. y-Mcthyl-cL-iso- 
propylhutyrolactone, b.p. 224° (Ber. 29, 1857, 2001). jSy-Dimethyi-a-ethyl- 
butyrolactone, b.p. 227°, is obtained from a-ethyi-jS-methyl-j8-acetopropionic 
acid. y-DieikylbutyrolactonCf b.p. 228-233°, is prepared from succinyl chloride 
and zinc ethyl. 


d~Lactones 

5-Lactones are obtained by distillation of the 5-halogencarboxylic 
acids, or by reduction of the 5-ketocarboxylic acids (p. 480), glutaric 
esters or glutaric anhydrides (p. 557). They are also obtained by an 
intramolecular Cannizarro reaction from the easily accessible deriva- 
tives of glutaric aldehyde (p. 400) by means of sodium ethoxide (yields 
up to 90 °o) [Meenvein, Ber. 53, 1829) : 

CHEt-CHMe-CHO CHEt-CHMe-CHg. 

1 > I I 

CMea-CHO CMea-CO 0 

b’Valerolacionej CH^CHaCHaCHgCOC), b.p. 114°/14 mm., changes spontane- 
ously into apoZywer, m.p, 48°, which is decomposed by alkali into 8-hydroxy valeric 
acid, as is also the simple lactone (Ber. 26, 2574 ; 36, 1200 : Ann. 319, 367). 

h'Caprolactone^ B-methyl-B-valerolactonej CgHioOg, m.p. 13°, b.p. 275°. a- or 
y-Methyl~h-valerolactone (Ber. 36, 1201). 

oLOL-Dimethyl-B-valerolactomt C7H12O2, b.p. 105°/15 mm. ^fi-Dimethyl-h-valero- 
lactone f m.p. 30°, b.p. 225° (C. 1905, II. 753). 

^^MethyUy-ethyl-h-mlerolactomy b.p. 255° (Ann. 216, 127 : 268, 117). 

Higher Lactones and Carboxylic Acids 

€-Hydroxy -carboxylic acids and hydroxy-acids containing a still more remote 
position of the alcoholic OH-group show no further tendency to lactone -formation. 
They seem rather to split off water like the )3-hydroxy-acids, since olefine car- 
boxylic acids are obtained from the corresponding amino -carboxylic acids with 
nitrous acid, together with or instead of the hydroxy-acids (Ann. 343, 44). 

However, e-Lactones have been obtained by the oxidation of certain terpene 
ketones with permonosulphuric acid (Caro’s acid). ethyl- e-isopropyl- e- 

caprolactojie, C3H,(!:HCHjCHaCH(CH,)GHjCOO, b.p. 129°/17 mm., two stereo- 
isomerides, m.p. 4*8° and 47°. It is obtWed from menthone (Vol. II). The 
two isomers yield hydroxy-acids^ one liquid and the other, m.p. 65° ; but only 
one e-keto-acid is obtained by oxidation. 

Tetrahydroearvone (Vol. II) similarly treated yields e-methyl- ^-isopropyl- 
€-caprolactone, b.p. 156°/21 mm. 

Methyiri/c/ohexanone (Vol. II) gives rise to a lactone, which, on breaking 
down, passes into methyl -e-hydroxycaproic acid. Suberone (Vol. II) appears 
to give a ^-lactone which passes into ^-hydroxycenanthylic acid, HOCH2[CH235- 
COOH, on decomposition (Ber, 33, 858). 
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e-Hydroxycaproic acid, HO[CH2]5-COOH ; phenyl ether, C6HgO[CH2]5COOH, 
m.p. 71°, is obtained by adding potassium cyanide to e-chloroamyl phenyl ether 
and hydrolysing the resulting nitrile (Ber. 38, 965). 

K-Hydroxyimdecoic, HOCH2[CH2]9COOH, m.p. 70°, is obtained from co-bromo- 
undecylic acid and silver oxide. Oxidation converts it into nonane dicarboxylic 
acid (C. 1901, II. 1043). 

i-Hydroxystearic acid, C8Hi7CH(OH)[CH2]8COOH, m.p. 83°, is produced from 
oleic acid through iodo- or sulphostearic acid (c/. p. 431). If oleic acid is heated 
with zinc chloride it is converted into the so-called stearolactone, CjgHgaOa, prob- 
ably y-tetradecylbutyrolactone (C. 1903, I. 1404). 

vHydroxybehenicacid, C8Hi,-CH(OH)Ci2H24COOH, m.p. 90° (C. 1908, 1. 2019). 

Higher lactones occur in the vegetable musks. Thus the lactone of <o-hydroxy- 
pentadecoic acid occurs in angelica oil (Ber. 60 , 902 : c/. also Ambrettolide, 
p. 454), 

Sulphur Derivatives of the Hydroxy-acids 

The mercaptan carboxylic acids and their derivatives will be considered here. 
These are acids which at the same time possess the nature of a mercaptan. They 
are obtained as oils, with a disagreeable odour, and are miscible with water, 
alcohol, and ether. 

1. Mercaptan carboxylic acids are prepared (1) from halogen-fatty acids 
and KSH ; (2) the xanthogen -fatty acids resulting from potassium xantho- 
genate (g.'y.) and chloro-fatty acids, are decomposed by ammonia into mercaptan- 
carboxylic acid and xanthogen amide (Ber. 39, 732 : Ami. 348, 120) : 

CICH2COOK -f- KSH = HSCH2COOK d- KCl 
CaH50CS*SCH{CH3)C00NH4 -f NH3 =: HSCH(CH3)COONH4 + CaHgOCS-NH*. 

(3) The mercaptan- or thio-carboxylic acids are easily oxidized to disulphides, 
such as (H00CCH2)2S2, which may also be prepared directly from halogen-fatty 
acids and potassium polysulphides ; on reduction, the mercaptan carboxylic 
acids are re-formed (C. 1907, I. 856 : 1908, L 12^). 

These bodies tend to form complex salts. 

Thioglycollic acid, thiolacetic acid, HS'CHgCOOH, m.p. — 16*5°, b.p. 
103°/13 mm., is obtained from monoehloroacetic acid and potassium hydrogen 
sulphide ; and from thiohydantoin, when heated with alkalis (Ann. 207 , 124). 
On adding ferric chloride to its solution an indigo -blue coloration is obtained. 

It is a dibasic acid. (Conductivity, Ber, 39, 736.) The barium salt, S-CHgCOOBa 
-{- SHgO, dissolves with diiBculty in water ; ethyl ester, b.p. 55°/17 mm. ; amide, 
m.p. 52°. On being heated, thioglycollic acid yields thioglycoUide (SCHgCO);,, 
m.p. about 80°. 

Thiolactic acid, a-thiolpropionic acid, CH3CH(SH)C02H, m.p. 10°, b.p. 
99°/14 mm., is prepared from pyroracemie acid (p. 462) and sulphuretted hydro- 
gen ; also, together with cysteine, a-amino-jS-thiopropionic acid {q.v,) (C. 1903, 
1. 15), from horn (keratin) by decomposition with hydrochloric acid. ^-ThioU 
propionic acid, HS-CHaCHaCOgH, m.p. 16*8°, b.p. ll°/lo mm., Dgo = 1-218. 

a-Thiol butyric acid, b.p. 118-122°/! 9 mm,; OL-thiolisohutyric acid, m.p. 
about 47°, b.p. 102°/15 mm. Reaction between y-chlorobutyronitrile and potas- 
sium hydrosulphide, see Ber. 34, 3387. 

2. a- Alkyl sulphide carboxylic acids are obtained from the interaction of 
a-halogen fatty acids and sodium mercaptides. 

Ethylthiolacetic acid, CgHgS-CHoGOOH, m.p. —8*7°, b.p. 118°/11 mm.; 
Dgo = M518 (Ber. 40, 2588). 

3. a-Mercaptal carboxylic acids result from the action of a-thio-acids on 
aldehydes. Eihylidencdithioglycollic acid, CH3CH ; (SCH2-COOH)2, m.p. 107°. 

4. a-Mercaptole carboxylic acids result from a-thio-acids and ketones in the 
presence of zinc chloride or HCl. 

isoPropylidencdithioglycolHc add, (CH3)2C : (SCHgCOOH)2, m.p. 126°. 

5. a- Sulphide dicarboxylic acids are produced when KgS acts on a-halogen 
fatty acids. 

Thiodiglycollic acid, S{CH2C02H)2, m.p. 129°, corresponds with diglycollic 
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acid (p. 420), and under like conditions forms a cyclic anhydride, which is both a 
sulphide and a carboxylic anhydride. Thiodigly collie anhydride ^ 

m.p. 102°, b.p. 158710 mm. (Ber. 27, 3059). 

(X’TModilactylic acid, S[CH(CH3)C02H]2, m.p. 125°. y-Thiodibtdyric acid, 
m.p. 99° (Ber. 25, 3040). 

rnisym.’Sulphide dicarboxylic acids are obtained from the disodium salts of 
the mercaptan carboxylic acids and sodium halogen fatty acids in aqueous 
solution (Ber. 29, 1139). 

6. Bisulphide dicarboxylic acids are readily produced by the oxidation of 
the mercaptan carboxylic acids in the air, or with ferric chloride or iodine. 
Dithiodiglycollic acid, S2(CH2COaH)2, m.p. 100°. OL-Dithiodilactic acid, S2[CH- 
(CDH3)-C02H]2, m.p. 141°. ^-Dithiodipropionic acid, S 2 (CH 2 CH 2 COOH) 2 , m.p. 
155° (Ann. 339, 351). 

Trithiodiacetio acid, S8(CH2COOH)2, m.p. 124°. Tetrathiodiacetic acid, 
S4(CH2C00H)2, m.p. 113° (Ann. 359, 81). 

7. Sulphonium Derivatives of Carboxylic Acids. — The free bodies — e.g, 
COOH 

j are unstable. They split off water and yield cyclic sulphinates, 

CH2S(CH3)20H, 

which are constituted similarly to the cyclic ammonium compounds, and are 
called thetines. This name, from the contraction of thio and betaine, is intended 
to express the analogy between their derivatives and betaine (Ber. 7, 695 : 25, 
2450 ; 26, R. 409) : 

CO — O CO — 0 

I I pTT 1 I 

CH 2 — CH 2 — N(CH3)3 


Dimethylthetine. Betaine. 

The thetines are feeble bases. Their hydrobromides are produced when 
methyl sulphide, ethyl sulphide, and sodium thiodiglycollate are brought into 
action with a-halogen fatty acids — e.g. chloroacetic acid and a-bromopropionic 
acid. 


Dimethylthetine, (CH3)2SCH2C06, is deliquescent. 

GH 

Methylethylthetine, q q^^CO, contains an asymmetric sulphur 

atom, and is resolved into its two forms by means of its salts with camphor-sul- 
phonic acid and bromocamphor-sulphonic acid : d-chloroplatinate, [a]i, = + 4*5° 
(C. 1900, II, 623). 

Dimeihylthetincdicarhoxylic acid, (H0-6C-CH2)2S-CH2‘ C0i>, m.p. 157-158°. 
DieihylenedimlpMdethetine (C. 1899, II. 1 105). Further compounds, Bor. 33, 823. 
Selenetines, see Ber. 27, R. 801 : C. 1903, I. 22. 


8. Sulphone carboxylic acids are produced by the action of alkyl sulphin- 
ates on esters of halogen fatty acids, and resemble the ketone carboxylic acids 
(q.v.). Ethylsfiilpkonylacetic acid, C2H5S02*CH2C02H. Ethylsulphonylpropionic 
acid, C2H5S02-CH2CH2C02H (Ber. 21, 89, 992). 

By oxidizing the sulphide, corresponding with the sulphones, with KMn04, 
there are obtained: Sidphonyldiacetic acid, 02S(CH2C02H)2, m.p. 182°. a- 
Snlphonyldipropionic acid, 02S[CH(CH3)*C02H]2, m.p. 155° (Ber. 18, 3241). 
Sulphone diacetic acid resembles acetoacetic ester in many respects. For mixed 
sulphone-di-fatty acids see Ber. 29, 1141, 


9. a-Suiphocarboxylic acids. The sulpho-acids of the fatty acids are pro- 
duced by methods similar to those employed with the alkyl sulphonic acids : 

(1) By the action of sulphur trioxide on the fatty acids, or by acting with 
fuming sulphuric acid on the anhydrides, nitriles, or amides of the acids (J. pr. 
Chem. [2] 73, 538 : C. 1905, I. 1309). 

(2) By heating the salts of the monosubstituted fatty acids with alkali sulphites. 

(3) By the addition of alkali sulphites to unsaturated acids (Ber. 18, 483). 

(4) By oxi^ing the thio-hydroxy-acids with nitric acid. 

(5) By oxidizing sulphonic acids, e»g. isethionic acid, with nitric acid. 
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The sulpho-acids are dibasic acids, corresponding with malonic acid in their 
chemical behaviour. They are, however, more stable towards heat, alkalis, and 
acids. 

Sulphoacetic acid, HO-SOa-CHa'COOH, is formeil together with methionic 
acid, CH2{SOgH)2 (p. 247), by decomposition of acetonetrisulphonic acid, 
HO-SOa-CHa-CO-CHCSOgHla, by moans of alkali (C. 1901, I. 101). (See also 
acetylsulphurie acid, p. 317.) Its dichloride, ChSOa'CHa-COCI, b.p. 130- 
135°/150 mm., yields thioglycollic acid on reduction. The hydrogen atoms 
in the CHg group of the diethyl ester, Et0‘S02*CH2-C00Et (an oil which cannot 
be distilled without decomposition), can be replaced by alkyl groups, similarly 
to those in methionic esters, acetoacetic ester and malonic ester (Ber. 21, 1550). 

Sulphowobutyric acid, H03S*C(CH3)2COOH, is formed by the interaction 
of isobutyryl chloride or anhydride and concentrated sulphuric acid. The 
barium salt (+ SH^O) is less easily soluble in hot water than in cold ; dimethyl 
ester, m.p. 4®, b.p. 78-82°/l mm. ; dichhride, m.p. — 10°, b.p. 55°/l mm. (C. 1905, 
I. 1309). 


Nitrogen Derivatives of the Hydroxy-acids 

The following classes of nitrogen compounds are derived from the 
a-hydroxy-acids : (A) Derivatives formed by modification of the COOH 
group : (1) Amides. (2) Imidohydrins. (3) Hydrazides. (4) Azides. 

(5) Nitriles. (B) Derivatives formed by substitution of the -OH group : 

(6) Nitro-acids. (7) Nitroso-acids. (8) Hydroxylamino-acids. (9) 
Aminoxyl-acids. (10) Amino-acids. (11) Nitroamino-acids. (12) iso- 
Nitroamino - acids. (13a) Hydrazino - acids. (136) Hydrazo - acids. 
(14) Azo-acids. 

The a-amino-acids and their derivatives are of especial interest 
from the physiological standpoint, as being decomposition products 
of the proteins. 


(A) Derivatives formed by Modification of the COOH Group 

1. Hydroxyamides. — ^Tlio a-hydroxyamides are produced (1) by treating 
(a) alkyl esters and (6) cyclic double esters or lactides with ammonia. (2) From 
the a-hydroxynitriles by the addition of water in the presence of a mineral acid, 
particularly sulphuric acid. They behave like the fatty acid amides. 

Glycollamide, HOCH2CO*NH2, m.p. 120°, is obtained from polyglyeollide, 
or from acid ammonium tartronate when heated to 150°. It possesses a sweet 
taste, 

DiglycoUamic acid, NH2COCH2OCH2CO2H, m.p. 135°. 

Diglycollamide, 0(CH2C0NH2)2» bre&s down when heated into ammonia and 

diglycoUimide, m.p. 142°. It behaves like the imides of the 

dicarboxylic acids, e,g. succinimide {g^v.) and n-glutarimide. 

Lactamide, CH3CH(OH)*CONH2, m.p. 74°. 

a-Hydroxycaprylamide, CH3(CH2)6CH(OH)CO:^H2, m.p. 150° (Ann. 177, 
108). 

The readily decomposable additive products from ammonia and the y-lactones 
(Ann. 256, 147), are regarded as being as y-hydroxy-acid amides or as compounds 
similarly constituted to aldehyde-ammonia (Ann. 259, 143). The additive 
product from ammonia and y-valerolactone may be formulated : 

CH3CHCH2CH2CONH2 or CHa-CH-CHj-CH 

1 I 

OH O 

The addition products of hydrazine and y-lactones behave similarly : Hy- 
drazine y^vakrolacione, (J'CH(CH3)CH2CH2c!(OH)(NM*NH2), m.p. 62°, also easily 
dissociates into hydrazine and lactone (C. 1905, I. 1221). 

2. a-Hydroxy- imidohydrins. The imido-ethera of 'the a-hydroxy-acids, 
whose salts are prepared in the ordinary way from nitriles by means of alcohols 


•‘Koh 
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and HCi (p. 326), are hydrolysed when in the free state by water, into the imido^ 
hydrins. These are isomeric with the corresponding amides, although they 
appear to consist of a double molecule and behave as electrolytes in aqueous 
solution (Ber. 30, 998 : 34, 3142). 

Qlycoliminohydrinj ^-P* »’ lactimidohydrin, m.p. 

135° ; hydroxyisohutyl imidohydrin, m.p. 173°. 

3. Hydrazides of the hydroxy-acids : Glycollyl hydrazide, HOCHaCO- 
NHNHg, m.p. 93°, has been prepared from benzoyl or oxalyl glyeollic ester and 
hydrazine hydrate (J. pr. Chem. [2], 51, 365). 

4. Azides of the hydroxy-acids : Glycollyl azide, HOCHa'CONg, is formed 
when sodium nitrite acts on the hydrochloride of glycollyl hydrazide. It crystal- 
lizes from ether (J, pr. Chem. [2], 52, 225). 

5. Nitriles of the Hydroxy-acids. — ^The nitriles of the a-hydroxy- 
acids are the additive products obtained from hydrocyanic acid and 
the aldehydes or ketones, usually known as cyanohydrins. 

The aldehydes yield nitriles of secojidary hydroxy-acids. Formalde- 
hyde is an exception in this respect, for it gives rise to the nitrile of 
a primary hydroxy-acid, — ^glyeollic acid. 

The ketones yield nitriles of tertiary hydroxy-acids. 

CHgCH-.O + HNC = CH3CH<^^ Nitrile of lactic acid (p, 415). 

(CH3)2C:0 + HNC == (CH3)2 C<^q^ Nitrile of a-hydroxyisohutyrie acid (p. 423). 

The cyanohydrins result by the reaction of the aldehyde and 
ketone bisulphite compounds (pp. 244, 266) with potassium cyanide 
(Ber. 38 , 214 : 39 , 1224, 1856). 

Many of the anhydi’ous substances boil without decomposition, 
especially under reduced pressure ; but many break down upon the 
evaporation of their aqueous solution, and alkalis resolve them into 
their components. On the other hand, under the influence of mineral 
acids, e.g. hydrochloric acid and sulphuric acid, the nitriles first take 
up one molecule of water and change to a-hydroxy-acid amides (see 
above), then a second molecule of water, and form the ammonium 
salts of the a-hydroxy-acids, which are immediately decomposed by 
mineral acids (p. 322). 

When heated with PaOs they change into olefine carboxylic nitriles ; 
with Pels into chloroparaffin carboxylic nitriles (C. 1898, II. 22, 662). 
Ammonia causes the formation of water and amino-nitriles (p, 435). 
Cyanoacetic ester and the a-hydroxy-acid nitriles produce water and 
derivatives of a/?-dicyanopropiomc acids, iloC(CN)*CH(CN)COoC 2 H 5 
(C. 1906, 11. 1561). 

Aldehyde Cyanohydrins. 

Glyeollic acid nitrile, HO'CHgCN, b.p. 183° with decomposition, b.p. 
103°/26 mm. (J. pr. Chem. [2] 25, 189). Acyl glyeollic nitriles are prepared 
from chloroacetic nitrile with the sodium or potassium salts of the fatty acids 
(C. 1904, II. 1377). Formoxyaceto7iitrtle, HGOgCHgCN, b.p, 173°, and acetoxy- 
acetonitrilet b.p. 180°, result also from glycollaldoxime and acetic anhydride, 
and are decomposed by aramoniaeal silver oxide into AgCN and formaldehyde 
(C. 1900, II. 313). Ethers of glyeollic nitrile are prepared from chloromethyl 
alkyl ethers and silver, mercury, or copper cyanide : M ethoxy acetonitrile , b.p. 
120° ; ethoxyacetonitrile, b.p. 135° (C. 1907, I. 400, 871). 

Lactic acid nitrile, a/deAyd6cyano%dn??,CH3CH(OH)CN,b.p. 102°/30mm.; 
ethyl ether^ CH3CH(OC2H5)CN, b.p. 88°, is prepared from cyanogen chloride and 
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ethyl ether (Bor. 28, K. 15) ; acciyl ester, CH3CH(OCOCIi3)CN, b.p. 100" (Ber. 
28, K. 109). 

a-Hydroxyi.swaleric acid nitrile, (CH3)2GH-CH(OH)CN, decomposes at 
135". 

Halogen Substitution Products oj the Aldehyde Cyanohydrins (Ann. 170 , 73) : 
Chloral cyanohydrin, CCl3CH(OH)CN, m.p. 61°, boils with decomposition at 
215-230°. Trihromolactic acid nitrile, CBr3CH(OH)CN. Both compounds can 
also be looked on as trihalides of orthotartronic acid nitriles. Trichlorovalcro- 
lactic acid nitrile, CH3CCl2CHCl*CH(OH)CN, m.p. 103°. 

Ketone Cyanohydrins: oL-Hydroxyisohutyric nitrile, acetone cyanohydrin, 
(CH3)2C{0H)CN, m.p. - 19°, b.p. 82°/23 mm. 

Methylethylglycollic nitrile, (C2H5)(CH3)-C(OH)CN, b.p. 91°/20 mm. 

Diethylglycollic nitrile, (C2H5)2-C(OH)CN, b.p. 110°/22 mm. 

p’Chtoro-OL-hydroxyisobuiyric nitrile, ClCHaC(CH3)(OH)CN, m.p. 110°/22 mm. 

Methyl-tQTt.-butylglycollic nitrile, (CH3)3GC(CH3)-(OH)CN, m.p. 94°, is pre- 
pared from pinacolin (Ann.- 204 , 18 : Ber. 14 , 1974 : 39, 1858 : C. 1906, II. 596). 

Nitriles of other hydroxy- acids have been prepared from the halogen 
glycolhydrins (p. 369) by the action of potassium cyanide. Ethylene cyanohydrin, 
hydracrylic nitrile, HOCH2CH2CK, b.p. 220°, is also obtained from ethylene 
oxide and hydrocyanic acid. ^-Ethoxybutyronitrile, CH3CH(OC2Hs)CH2CN, 
b.p. 173°, is prepared from allyl cyanide and ethyl alcohol (Ber. 29, 1425). y- 
Methoxyhutyronitrile, CH30[CH2]3*CN, b.p. 173° (Ber. 32, 948). 

e-Phemxycapronitrile, C(}H50[CH2]5*CN, m.p. 36°, from e-chlorocapronitrile 
and sodium phenate (Ber. 38, 178). 

(B) Derivatives formed by Substitution of the ‘OH Group 

6. Nitro-fatty acids. cn-NUro-fatty acids are only known in the form of 
derivatives. When potassium nitrite acts on potassium chloroacetate there is 
first formed potassium nitro -acetate which decomposes into nitromethane and 
potassium bicarbonate (c/. p. 179) ; 

CH2CICOOK NOaCHaCOaK — CH3NO2 + KHCO3. 

When silver nitrite and bromoacetic ester react, the expected nitro-acetic ester 
is replaced by two peculiar bodies containing less water, which are derivatives 
of oxalic acid : oxalic ester nitrile oxide, CgHgOCOD : N : O, m.p. 111°, and bis- 
anhydro-nitro -acetic ester, (C2 HbOCOCNO) 2, b.p. 160°/11 mm., which on reduction 
yields glycine, like a true nitro-acetic ester. Similarly, iodo-acetonitrile and 
silver nitrite do not yield nitro -acetonitrile, but a dimoleeular body, deficient in 
water, cyanomethazonic acid, which is possibly «sonitroso-nitro-succinonitrile, 
NC-C(:NOH)-C(:NOOH)CN (c/. methazonic acid, p. 391) (Ber. 34, 87f^). 

The real nitro-acetic ester, N02-CH2-C00C2H5, b.p. 94°/10 mm., is pre- 
pared from nitromalonic ester, N02CH(C00CaH5)2 and KOH ; also from a-nitro- 
dimethyl acrylic ester, (CH3)2C : C(N02)C00C2H5, by the decomposing action of 
ammonia ; also, particularly easily, from acetoacetic ester by the action of 
concentrated nitric acid and acetic anhydride, together with bis -anhydro -nitro- 
acetic ester (see above) (C. 1904, II. 640). Keduction changes it to hydroxyi- 
amino-acetic acid and glycocoll (C. 1901, II. 1259 : of. I. 881). Like other 
nitro-bodies, nitro-acetic acid forms aci-nitro salts (p. 50), MOON ; CHCO2G2H5. 
When the ammonium salt is precipitated with mercuric chloride a very stable 

mercury nitro-acetic ester, 0 <^q^ ^C'COaCgHg, is formed, which is soluble in 

alkalis and hydrochloric acid, and with bromine forms dibromonitroacetlc ester, 
N02CBr2C02C2H5, b.p. 131-134°/11 mm. (Ber. 39, 1956). Heating with am- 
monia at 100° converts it into nitroacetamide, NO2CH2CONH2, m.p. 101-102°, 
with decomposition. This can also be formed by alkaline decomposition of 
nitro-maionamide. Its silver salt reacting with alkyl iodides give 0-ethers, such 
as CH3OON : CHCONH2 which decompose readily into aldehydes and isonitroso- 
acetamide, HON : CHCONHg. Dibromonitroacetamide, N02CBr2C0NH2, and 
bromonitroacetamide, N02CHBrC0NH2, m.p. 79° (C. 1906, 1. 910 : Ber. 37, 4623). 
Nitro-acetonitrile, NOgCHgCN, b.p. 96°/14 mm., is prepared from methazonic acid 
(p. 391) and thionyl chloride. With bromine it gives dibromonitroacetonitrUe, 
b.p. 58°/12 mm., which is a different body from dibromoglyoxim© 
peroxide (p. 296) (Ber, 41, 1044). 

VOL. I. FE 
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Homologous a-nitro-fatty esters, such as x-nitropropionio ester, CflgCH- 
{N02)C0aC2H5, b.p. 190-195'^ ; x-Jiitrohutyric ester, C2H5CH(N02)CO2C2H5, b.p. 
123°/20 mm., are obtained from the alkyl-nitro-malonic esters and sodium 
alcoholate (C. 1904-, II. 1600). x-Nitro-isohiityric acid, (0Hp)3C(NO2)COOH : 
nitrile, m.p. 53®, is obtained by oxidation of nitroso-fi'obutyric nitrilo (below) 
with nitric acid; amide, m.p. 118®. 

j3-Nitro-fatty acids : p-Nitropropionic acid, NOaCHaCHgGOaH, m.p. 66®, 
is prepared from jS-iodopropionic and silver nitrite ; ethyl ester, b.p. 161-165®. 
p-Nitro-isovaleric acid, (CH3)3C(N02)*CH2C02H, is obtained together with jS^- 
dinitropropane, (CH3)2C(N02)2, by the action of nitric acid on isovaleric acid 
(Ber. 15, 2324). 

7. Nitroso-fatty acids. Nitroso-fatty acids, which contain the group 
— CHg-NO or =CH*jNfO, are tautomeric with the isonitroso- or oximino-fatty 
acids, which will be considered later as derivatives of the aldehyde- and ketone- 
carboxylic acids (pp. 460, 465). 

Oxidation by chlorine of hydroxyl-amino -ifiobutyric nitrile (see below) yields 
the nitrile of nitrosoisobutyric acid, {CH 3 ) 2 C(NO)COOH. The nitrile melts at 53® 
to a blue liquid ; amide, m.p. 158® (deeomp.) ; eater, m.p. 89® ; amidine, (CH 3 ) 2 C- 
(N 0 )C(NH)NH 2 , is converted by hydrocyanic acid, etc., into a series of peculiar 
bases (Ber. 34, 1863 ; 36, 1283). 

8. Hydroxylamino-fatty acids. Their nitriles result from the combination 
of hydrocyanic acid with aldoximes and ketoximes (p. 250) (Ber. 29, 65). Hy- 
droxylaminoacetic acid, HONH-CHgCOOH, m.p. 132®, is obtained from isonitro- 
aminoacetio acid (p. 452) and from nitro-acetic ester (see above), also from 
wobenzaldoxime acetic acid (Vol. 11) (Ber. 29, 667). 

OL^Hydroxylamirhobutyric acid, CH 3 *CH 2 CH(NHOH)COOH, decomposes at 
166® ; nitrUe, m.p. 86®, results from propionaldoxime and HCN (Ber. 26, 1548). 
x-Hydro^laminoisobutyric acid, (CH 3 ) 2 C(NHOH)COOH, is prepared from iso- 
nitroamino^obutyric acid (p. 452) ; nitrile, m.p. 98®, is produced from acetoxim© 
and HON ; further derivatives, see Ber. 34, 1863. 

9. Aminoxyl-fatty acids are isomeric with the hydroxylamino-fatty acids. 
Aminoxyl-acetic acid, NHaOCHgCOOH, is obtained by the breaking down of 
ethyl benzhydroxime acetic acid, CeH5C(OC2H5) : NOCHaCOOH. Homolognes, 
see Ber. 29, 2654. 


10. Amino-fatty Acids 

The amino-fatty acids are amino-derivatives of the monobasic 
fatty acids, produced by the replacement of one hydrogen atom in 
the latter by the amino-group : 

CHa-CO'OH NHa-CHaCO-OH 

Acetic acid. Amiuoacetic acid. 

The firm union of the amino-group in them is a characteristic 
difference between these compounds and their isomeric acid amides. 
Boiling alkalis do not eliminate it, in which it resembles the NHg 
group of the amines. Several of these amino-acids occur already 
formed in plant and animal organisms, to which great physiological 
importance is attached. They can be obtained from proteins by 
heating the latter with hydrochloric acid, or alkalis, or by the action 
of ferments or bacteria. 

The general methods in use for preparing the amino-acids are : 

(1) The reaction of the monohaiogen fatty acids when heated 
with ammonia (similar to the formation of the amines from the alkyl 
halides, p. 188) : 

Thus chloroacetic acid yields 

NHg-CHj-COOH NH(CH2*COOH)2 N(CH2COOH)8 

Aminoacetlc acid. Iminodiacetic acid. Triglycollamic acid. 

(Glycine). (DiglycoUamic acid). 
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Amino-acids with alkyl groups attached to the nitrogen are 
obtained from the monohalogen fatty acids or from hydroxy-acid 
nitriles by tlie action of amines (J. pr. Chem. [2J 65, 188) : 


CHaClCOOH ^ 




(2) The replacement of the halogen in a halogen-fatty acid by 
the amino group is conveniently carried out by allowing the ester 
of the halogen acid to react with potassium phthalimide, the amino 
ester being subsequently split off by the action of hydrochloric acid 
at 200° : 

CeHj<^Q>NK + CiCHa-COOEt >- CeHj<^^N-CHj-COOEt 

NHj-CHj-COOH, HCl. 

Frequently the cheaper p-toluenesulphonamide can be used, and 
yields amino acids by reaction in aqueous or alcoholic solution with 
a-halogen-fatty acids (Z. angew. Chem. 39, 1460). 

(3) The reduction of nitro- and i^onitroso-acids (p. 433) with 
nascent hydrogen from zinc and hydrochloric acid or aluminium 
amalgam in ether (C. 1904, II. 1709) : 

CHjNOjCOOCsHs — ^ CHjNHjCOOH 
Nitroacetic ester. Aminoacetic acid. 


(CH,)aCHCHjC(NOH)COjCjH5 — (C!H8)i,CHCH2CH(NHj)COOH 
woNitrosoiwbutylacetic ester. i-Leucine (a-Amino«secaproic acid). 

(4) Reaction of the cyano-fatty acids (q.v.) with nascent H (Zn 
and HCl, or by heating with HI), in the same manner that the amines 
are produced from the alkyl cyanides (p. 190) : 

CN-COOH + 2H2 = CH2(NH2)COaH 
Cyanoformic acid. Aminoacetic acid. 


This reaction connects the amino-fatty acids with the fatty acids 
containing an atom less of carbon, and also with the dicarboxylic acids 
of like carbon content, whose haH nitriles are the cyano-fatty acids. 

(5a) The nitriles of the g-amino-acids are prepared by allowing 
a calculated quantity of ammonia, in alcoholic solution, to act on 
the hydrocyanic acid addition-products of the aldehydes and ketones, 
and then setting free the hydrochlorides of the g-amino-acids from 
these by means of hydrochloric acid (Ber. 13, 381 : 14, 1965) : 


CHaCHO 


HCX 


CH3CH<q^ 


CH3CH 




HCl 




(CH3)2C0* 


HCN 


(CH8)8C<q2 


ITH, 


> {CH3)3< 


{CH3)aC<^j^ 


(56) Nitriles of g-amino-acids can also be synthetically obtained 
from the aldehyde-ammonias by means of hydrocyanic acid ; also 
from aldehydes by means of ammonium cyanide (Ber, 14, 2686) : 


CH8CH<^ 


HCH 


cHjChCot^ 


NH4GH 


CH3CHO. 


Ketones also unite with ammonium cyanide to form nitriles of the oc-amino- 
dialkyl acetic acids (Ber. 33, 1900 : 39, 1181). 

Aldehydes and ketones may, with advantage, be allowed to act on a mixture 
of potassium cyanide and ammonium chloride (Ber. 39, 1722), 
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Alkyl- and dialkylaminonitriles are obtained when aldehydes in 
bisulphite solution are treated with potassium cyanide and subse- 
quently with primary or secondary amines (Ber. 38, 213). 

(6) Higher amino-acids can be synthesized by a reaction due to 
Erlenmeyer jun. (Ber. 30, 2981 : Ann. 307, 138). An aldehyde is 
condensed with hippuric acid (Benzoylglycine) and the product is 
reduced with sodium amalgam or hydriodic acid (D 1-7, Biochem. J. 
21, 852) and the benzoyl group hydrolysed off. 

R-CHO + CHg-COOH R-CH : C-GOOH R-CHgCHCOOH 

ina-co-CeHs irH-co-c^s i!rH-co-c,H5 

B-CH2 -CH(NHj)-COOH. 


Hydantoin is sometimes found more satisfactory than hippuric 
acid (Ber. 55, 3859). 

(7) Higher amino-acids can be obtained from the substituted 
malonic acids by converting these into the monoazides, heating the 
latter and hydrolysing the oycHc amidoanhydride with acids (Ber. 
55, 1543) : 


yCOOK NHa-NH, 

B-CH< R 

\COOEt HNO, 


OOH 


•CH<^ 
\CON3 


->■ Ng -j- R' 


yC0*0 
•ch/ I 
\nhco 


> R-CH(]SrH2)-COOH. 

(8) An important method of general application consists in the 
interaction of azoimide and substituted acetoacetic esters in benzene 
solution under the influence of strong sulphuric acid. The first- 
formed acetylamino ester yields the free amino-acid on hydrolysis 
(Ber. 57, 704) : 

CHg-CO-CHR-COOEt -f HN3 ^ CHa CO-NH-CHR-COOEt + Ng 

^ CHa-COOH + NHg-CHR-COOH + EtOH 


(9) The formation of amino-acids by the catalytic hydrogenation 
of a-keto-acids in the presence of ammonia is of physiological impor- 
tance. Imino-acids are probably intermediate products (Knoop, Z. 
physiol. Chem. 148, 294) : 

CHa-CO-COOH + NHj > CH3-C{:NH)-COOH > CH3-CH(NHg)-COOH. 

It is probable that amino-acids are formed by plants and animals 
in a simflar maimer. (Eor a different interpretation of the biological 
formation of amino-acids, see Bergmann, Z. physiol. Chem. 174, 83.) 


Skita has evolved a similar method for the preparation of alkylamino acids, 
ScMff'8 bases (p. 250) being condensed with pyruvic acid, usually with the forma- 
tion of well-characterized condensation products, which are then hydrogenated 
with the use of platinum or palladium as catalysts (Ann. 453, 190 ; 455, 17) : 

CH3 CH-CeHg CHrCH-CeHs CHg-CHa-C^Hs 

CO +N*CgH5 >C:N-C2H5 CH-NH-CgHg 

COOH COOH COOH 

Properties , — ^The amino-acids are crystallme compounds usually 
possessing a sweet taste. They are generally easily soluble in water, 
but usually very sparingly soluble in alcohol or ether. 

Constitution , — ^The amino-acids contain both a carboxyl and an 
amino group, and hence show the properties of both acids and bases. 
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They react neutral, and it used to be considered that in neutral solu- 
tion, both amino and carboxyl groups were practically undissociated. 
In alcoholic solution they react sufficiently acid to be filtrable with 
bases, using phenolphthalein as indicator (Ber. 54, 2988). More 
recent views support the opposite view, that in neutral solution 
the compounds are practically completely dissociated, and possess 
what has been called a “ Zwiiterimi structure. The two formulae 
can be represented as follows : 

NHa-CRR'-COOH NHa+'CRR^-COO- 

** Classical ” formula. Zwiiterion, ** formula. 


CH. 


< 


The new formula is based on physico-chemical deductions from 
the relative acidic and basic strengths of the amino-acids and related 
compounds and on the titration curves of the amino-acids (see AdamSt 
J.A.C.S. 38, 1503 : Bjerrum, Z. physik. Chem, 104, 147 : Birch and 
Harris^ Biochem. J. 24, 1080). 

The acids were formerly represented as a cyclic ammonium salt 
on the analogy of betaine (and of the and y-betaines, pp. 442, 448), 
but betaine itself may be represented by the dipole formula (Ber. 55, 
1762) : 

/NH3\ yNMegv 

CH2< yo CHo< 

\COO> 

Amino acid. Betaine. Betaine. 

(Cyclic formula.) ( Dipole formula.) 

Reactions. — (1) The amino-acids form metallic salts by the action 
of bases. 

(2) With acids, they form substituted ammonium salts. In the 
presence of alkalis or alkaline earths, the amino -acids combine with 
carbon dioxide to form the salts of a carbamino-carboxyHc acid, the 

calcium or barium salt of which • >Ba is of value on account 

CHa-COO/ 

of its low solubility, in separating amino-acids from mixtures (Ber. 
39, 397 : Chem. Ztg. 1907, 937). The difficultly soluble picrates 
and picrolonates are also of value in the separation of amino-acids. 

Many amino-acids form compounds with neutral salts, see Z. 
physiol, Chem. 81, 329. 

(3) By the replacement of the carboxylic hydrogen by alkyl 
groups, esters are formed, which are very reactive compounds. 

The esters are obtained as hydrochlorides by heating the acid 
with alcohol and hydrochloric acid. The free esters are compounds 
which can be distilled under diminished pressure without decomposi- 
tion. They are liquids, with the properties of amines, fairly readily 
saponified. On heating they form d^etopiperazines (p. 446). 

The esters of the a-amino acids are of especial importance as the 
starting material for the preparation of the ffiazo-esters, and also for 
the separation of the amino-acids formed by the hydrolysis of proteins 
(Ber. 39, 541). 

(4) Phosphorus pentachloride converts the amino-acids, suspended 
in acetyl chloride, into hydrochlorides of the highly reactive amino- 
mid, chlorides {E. Fischer^ Ber. 38, 2914) : 

KHaCHaCOOH + PClg = HCl-NHaCHaCOCl POCI3, 
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(5) The hydrogen of the amino-gronp can also be replaced by 
acid and alcohol radicals. The acyl derivatives are obtained by the 
action of acid chlorides on an alkaline solution of the acid, or in 
presence of bicarbonate,- or on the ester in a neutral solvent : 

+ CjHaOCa = + HCl. 

Acetylaminoacetic acid. 

Those acyl derivatives which serve most suitably for identifying the amiuo- 
acicls are the benzoyl-, henzenesulphonic-, and naphthalenesulphonyL compounds 
such as CeHg-CO-NHCHaCOOH, CaHsSOg-NHCHsCOOH, CioH^SOa-NHCHjj. 
COOH. Another class of derivatives is the phenyl ureido -acids, such as 
C6H5*NHC0NHCH2C00H, produced by phenyl isocyanate (Vol. II) in alkaline 
solution (Ber. 35 , 3779 : 39 , 2359). The amino-group in the acyl amino-acids 
is “ neutralized ” by the acyl groups ; they are therefore stronger acids than the 
simple amino-acids, and many of them crystallize well. 

Acyl groups can be introduced into the amino-acids by means of acid anhy- 
drides and acid azides (J. pr. Chem. [2] 79 , 57). The formyl group can be intro- 
duced by the use of anhydrous formic acids (Ber. 38 , 3997). When a-amino- 
acids are heated with acetic anhydride and pyridine, carbon dioxide is lost and 
an a-acetam’do -ketone produced (J. Biol. Chem. 78 , 91, 745) : 

B*OH(NH2) COOH -f (CH3C0)20 ^ R-CH(NH-C0 CH3)-C0 CH3. 

(6) The a-amino-acids react with formaldehyde to form compounds 
which contain three molecules of aldehyde to each molecule of acid. 
These compounds are converted into the simple iV-methylene deriva- 
tives R*CH{*N:CH2)*C00H by the action of alkali (Z. physiol. Chem. 
131, 18). These i^-methylene compounds are of importance in the 
titration of amino-acids in the presence of formaldehyde by Sorensen’s 
method, the influence of the amino-group being suppressed and the 
compounds reacting as acids (Bioohem. Z. 7, 45 : Z. physiol. Chem. 

The barium and calcium salts of the amino-acids react especially 
easily with aldehydes, with the formation of iV^-alkylidene derivatives 
(Ber. 58, 1034). 

(7) Optical Resolution of Racemic Amino-acids, — ^This is carried out 
by means of the strychnine, brucine, morphine, or cinchonine salts 
of the benzoyl- and formyl-aminb acids. The resolution of racemic 
alanine, a-amino-butyric acid, a-amino-isovaleric acid, leucine, aspartic 
acid, and glutaminic acid, has been carried out in this maimer (Ber. 
32, 2451 : 33, 2370 : 38, 3997) The resolution of the racemic syn- 
thetic oc-amino-acids is of importance because it completes the labora- 
tory production of the natural a-amino-acids (from proteins), which 
are all optically active. The resolution can also be carried out by 
the aid of yeasts, which consume either the i-form only, or only the 
Worm (C. 1906, II. 501). 

(8) Exhaustive methylation (p. 198) causes the eHmination of the 
amino-group, with the formation of unsaturated acids. Thus, a- 
aminopropionic acid yields acrylic acid ; a-aminobutyric acid gives 
rise to crotonic acid (Ber. 21, R. 86) ; a-amino-w-valeric acid yields 
propylideneacetic acid (Ber. 26, R. 937). 

(9) Hydriodic acid at 200° causes the exchange of the amino-group 
for hydrogen, whereby the acid is converted into a fatty acid (Ber. 
24, R. 900). 

(10) Boiling with alkalis does not affect the amino-acids, but fusion 
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with potassium hydroxide causes decomposition into ammonia or 
amines and salts of fatty acids. 

(11) Dry distillation, especially in presence of barium oxide, 
decomposes the acids into amines and COg : 

CH3-CH(NH2)C00H = CHg-CHa-NHs + COg. 

Aminoacetic acid. Ethylamine. 

The same decomposition, with the formation of amines and carbon dioxide, 
is brought about by certain bacteria. The action of yeast on amino -acids is 
described on p. 141. 

(12) The action of nitrous acid converts the amino-acids into 
hydroxy-acids, with evolution of nitrogen. This action, followed by 
the measurement of the evolved nitrogen, is the basis of Van Slyke’s 
method for the estimation of amino compounds : 

R-CH{NH2)-C00H 4- HNOa > R-CH(OH)-COOH -f Na -f Kfi. 

(13) The amino-ester hydrochlorides are changed by potassium 
nitrite into diazo-fatty esters (p. 458), the formation of which serves 
for the detection of small quantities of amino-acids (Ber. 17, 959). 
In the presence of excess of hydrochloric acids, chloro-fatty acids are 
formed (C. 1901, 1. 98). Similarly, nitrosyl bromide produces a-bromo- 
fatty acids. 

(14) Ferric chloride produces a red coloration with all the amino- 
acids, which is destroyed by acids. 

(15) Triketohydrindene hydrate (Vol. II) yields a blue colour which 
can be extracted with amyl alcohol, when heated with amino-acids. 
{Ninhydrin reaction : Constitution of the pigment, see J. Biol. Chem. 
25 , 319 : c/. Biochem. Z. 141, 105.) 

(16) The amino-esters can be reduced to amino-aldehydes (Ber. 
41, 956, 1019) and amino-alcohols (Helv. Chim. Acta. 4, 76). Oxida- 
tion with hydrogen peroxide, see C. 1908, I. 1164. 

(17) One of the chief characteristics of the a-amino-fatty acids is 
that when they lose water they yield cyclic double acid amides corre- 
sponding with the cyclic esters of the a-hydroxy-acids or lactides. 



Glycollide. OlycocoU anhydride. 


The y- and 5-amino-acids, and amino-acids possessing long chains, 
however, are capable of forming cyclic, simple acid amides, the lac- 
tamSj corresponding with the lactones, the cyclic, simple esters of the 
hydroxy-acids : 


OHaCO^ 

GHjCH/" 

Butyrolactone. 


I >NH 
OH, oh/ 
y-Butyrolactam. 
Pyirolidone. 


S-Valerolactone. 


S-Yalerolactam. 

2-Piperidone. 


Breakdown of oL’^Amino-acids in the Animal Orqanism. In contradistinction 
to the asstimed j5-oxidation of the fatty acids (see p. 308), the breakdown of the 
amino-acids starts at the a-carbon atom, probably by formation of an imino- 
acid, followed by deamination to an a-keto-acid, which is then deoarboxylated 
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and oxidized to the fatty acid containing one carbon atom less (c/. Synthesis, 
method (9), p. 436) {NeubaueVy Knoop, Z. physiol Chem. 71, 25^) : 

B-CH(NH2)-C00H > R*C(:NH)-COOH B-CO-COOH + NHg 

- COa 

> R COOH. 

0 


oi-Amino-acids 


Glycine, glycocoll, aminoacetic acid, NHg’CHg'COOH (or NH 3 +'- 
CHg-COO”, p. 437), m.p. 232-236°, is obtained by the general methods 
already described. It is obtained from chloroacetio acid by the 
action of ammonia or phthalimide, by the reduction of nitroacetic 
acid or oyanoformic acid, or by the %drolysis of methyleneamino- 
acetonitrile, CHs ; N-CHa-CN (p. 441) with hydrochloric acid (J.C.S. 
1929, 2463) or of aminoacetonitrile, NHa-CHa-CN, with baryta. The 
last two and the first two methods are of practical importance. The 
preparation of the aminoacetonitrile and its conversion into glycine 
is as follows (Ann. 278, 229 : J. pr. Chem. [2] 65, 188) : 

HCN NH, Ba(OH) 

H*CH0 ^ CH2(0H)-CN ^ CHa(NH2)-CN — ^ CHgCNHa) : COOH. 

It is also obtained by the hydrolysis of hippuric acid (benzoyl- 
glycine), by the reduction of cyanogen gas by boiling hydriodic acid, 
by the action of ammonium cyanide and sulphuric acid on glyoxal, 
formaldehyde being a probable intermediate compound (Ber. 15, 
3087) and by the action of ammonia on glyoxylic acid, formylglycine 
being an intermediate (Ber, 35, 2438). 


History. — Braconnot (1820) obtained glycocoll by decomposing glue with 
boiling sulphuric acid. It owes its name to this method of formation and its 
taste. yXvKvSi sweety /coAAa, glue. JDessaignes (1846) showed that glycocoll was 
formed as a decomposition product when hippuric acid was boiled with concen- 
trated hydrochloric acid: 


COOH COOH 

I + HaO + HCl = 1 +CeHsCOOH. 

CHalJH-COCeHg CHaNH^-HCl 

Hippuric acid Glycocoll Benzoic acid, 

benzoyl glycocoll. bydrochloride. 

8trecker (1848) observed that glycocoll appeared from an analogous decompo- 
sition of the glycocholic acid occurring in bile (c/. Taurine, p. 376) : 


COOH 

OH^NH^-CaAsO* 
Glycocholic acid. 


COOK 

+ 2KOH = I 4- Ca^HasOfiK 4- H^O. 
CH 2 NH 2 

Potassium Potassium 

amino-acetate. cholate. 


Since then, glycocoll has been found to constitute a breakdown product of 
many other animal and vegetable proteins ; it is especially abundant in the 
fibroin of silk. 

Glycocoll was first (1868) prepared artificially by Berhin and Duppa, when 
they allowed ammonia to act on bromoacetio acid. 


Properties . — Glycocoll crystallizes from water in large, rhombic 
prisms, which are soluble in 4 parts of cold water. By precipitation 
of its aqueous solution with absolute alcohol it is obtained as needles, 
chemically identical with the other form (Ber, 55, 1066). It is in- 
soluble in alcohol and ether, - It possesses a sweetish taste, and melts 
with decomposition. Heated with barium hydroxide it breaks up 
into methylamine and carbon dioxide ; nitrous acid converts it into 
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glycollic acid. Ferric chloride imparts an intense red coloration to 
glycocoU solutions ; acids discharge this, but ammonia restores it. 

Metallic Salts, — An aqueous solution of glycocoll will dissolve many metallic 
oxides, forming salts. Of these, the copper salt, (C2H4NOa)2Cu + H2O, is very 
characteristic, and crystallizes in dark blue needles : silver salt, C2H4N02Ag, 
crystallizes on standing over sulphuric acid. The combinations of glycocoll 
with salts, e.g, C2H5N02-KN03, C2H5N02-AgN03, are mostly crystalline. 

Salts with acids. — Glycocoll yields the following compounds with hydro- 
chloric acid 1 C2H5N02*HC1 and 2(C2H5N02)’HC1 : the first is obtained with an 
excess of hydrochloric acid, and crystallizes in long prisms. Nitrate, C2H5NO2- 
HNO3, forms large prisms. 

Ethyl aminoacetate, glycocoU ester, NHg'CHgCOOCaHg, b.p. H9°, b.p. 52°/10 
mm., obtained from the hydrochloride with 33% NaO, is an oil resembling cocoa 
in odour, which is easily soluble in ether, alcohol, and water. In aqueous solution, 
however, it changes into diketopiperazine (p. 446), and in ether into triglycyl- 
glycine ester (p. 448). The ester is particularly suitable for the preparation of 
various derivatives of glycocoll (Ber. 34, 436). Glycocoll ester hydrochloride, 
HCl-NHa'CHaCOOCgHs, m.p. 144°, is formed by the passage of HCl gas into a 
mixture of alcohol and glycocoll, and can be employed as a method of estimation 
of glycocoll on account of its slight solubility in alcoholic hydrochloric acid (Ber. 
39, 648). It is also obtained from methyleneaminoacetonitrile (see below), 
aceturic acid (p. 442) (Ber. 29, 760), or from the reaction product of hexamethy- 
leneamine and potassium chloroacetate (C. 1899, I. 183, 420), by the action of 
alcoholic hydrochloric acid, whereby the ester hydrochloride results. This is also 
formed by pouring excess of alcohol on glycyl chloride hydrochloride, HChNHa- 
CH2COCI, which is prepared from precipitated glycocoll and phosphorus penta- 
chloride in acetyl chloride, as a crystalline powder (Ber. 38, 2914). 

GlycocoUamide, amino-acetamide, NH2CH2CONH2, is produced when glycocoU 
is heated with alcoholic ammonia to 160°. It is a white mass which dissolves 
readily in water, and reacts strongly alkaline. The HCl-salt results on heating 
chloroacetic ester to 70° with alcoholic ammonia. 

GlycocoU hydrazide, NHjCHgCO'NHNHg, m.p, 80-86°, is obtained from 
glycocoll ester and hydrazine hydrate, as a hygroscopic crystalline mass ; hydro- 
chloride, C^Il,N^O‘2KCl, m.p. 201° (J. pr. Chem. [2] 70, 102). 

Glycocoll nitrile, amino-acetonitrile, 58°/15 mm., is prepared 

from glycoll nitrile and alcoholic ammonia at 0° ; hydrochloride, m.p. 165° ; 
sulphate, C2H4:N2;H2S04, m.p. 101° (J. pr. Chem. [2] 65, 189; Ber. 36, 1511). 

Methyleneaminoacetonitrile, CH2 : NCH2CN, m.p. 129° (decomp.), is formed 
from formaldehyde, ammonium chloride, and potassiiim cyanide ; also from 
glycocoll nitrile and formaldehyde. It may consist of a double molecule. It is 
remarkable for its ready crystallization (J. pr. Chem. [2] 65, 192 : Ber. 36, 1506). 

COOH COO 

Methyl glycocoU, aarcoat?i6, 1 or j \ , was first obtained 

CHgiraCH^ CH2NH2CH3 

by Liehig (1847) as a decomposition product of the creatine contained in beef 

extract. Its name is derived from uapj, flesh. FoZAard (1862) prepared it syn- 
thetically by the action of methylamine on monochloroacetic acid ; and it is also 
produced when creatine, NH2*C( : NH)*I^Me*CH2'COOH, or caffeine (p. 644) 
is heated with barium hydroxide solution. It dissolves readily in water but with 
difficulty in alcohol. The nitrile of sarcosine is obtained together with methyl- 
amine from methylene cyanohydrin, the additive product of formaldehyde and 
hydrocyanic acid (Ann. 279, 39 : J. pr. Chem. [2] 65, 188). 

It is readily soluble in water, but sparingly so in alcohol. It melts at 210-220° 
with decomposition into carbon dioxide and dimethylamine, gelding at the same 
time sarcosine anhydride (p. 447). It forms salts with acids, which show an 
acid reaction. Ignited with soda-lime it evolves methylamine. Sarcosine 
yields methylhydantoin with cyanogen chloride and creatine {q.v.) with cyan- 
amide. Sarcosine ethyl ester, CHSNHCH2CO2C2H5, b.p. 43°/10 mm. (Ber. 
34, 452). 

Dimethyl glycocoll, (CH3)2NCH2COOH, is prepared by the hydrolysis of its 
mtrUe, dimethylamimacetonitrUe, (OHslaNCHaCN, b.p. 138°. This is formed by 
the action of dimethylamine on methyleneaminoacetonitrile (above) or on 
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glycollic nitrile. Dimethylamim>ac&tic methyl ester, (CH 3 ) 2 NCH 2 COOCH 3 , b.p. 
135°, is obtained from the interaction of chloroacetio ester and dimethylamme. 
It is isomeric with betaine, into which it partly changes when heated. Betaine, 
when heated above its melting point (293°), forms an equilibrium mixture, in 
which the dimethylamino ester predominates (Ber. 35, 584) : 


(CH3)2NCH2C00CH3 


loNCHoCOO. 


Betaine, irimethylglycocoll, oxyneitrine, NMeg; 


/CH,\ 


CO, or bettor. 


NMog+'CHa-COO- (Pfeiffer, Ber. 55, 1762), has already been mentioned (p. 379) 
in connection with choline, from which it is prepared by oxidation. 

Its hydrochloride is prepared by the union of monochloroacetic acid with 
trimethylamine (Ber. 2, 167 : 3, 161 : 35, 603) : 


ClCHaCOOH + = Cl]Sr{CH3)3CH2COOH. 


Similarly, chloroacetio ester and trimethylamine yield betaine ester hydro- 
chloride, C1N(CH3)3CH2*C02C2H5, m.p. 143° (Ber. 38, 167). Betaine is also 
obtained by the methylation of glycocoll by means of methyl iodide, potassium 
hydroxide, and methyl alcohol. It occurs in beet-root [Beta vulgaris) {Scheibler, 
Ber. 2, 292 : 3, 155), and is to be extracted from beet molasses, in which it is 
the substance which gives rise to the trimethylamine obtained therefrom (p. 197). 
It also occurs in the leaves and stalks of Lycium barbarum, in cotton seeds, and 
in germ of malt and wheat (Ber. 26, 2151). 

It crystallizes in deliquescent crystals in which the acid, HON(CH 3 ) 3 CH 2 COOH, 
may be present. At 100° this ammonium hydroxide derivative loses one molecule 

of water, forming a cyclic am^nonium salt, ON(CH 3 ) 3 CH 2 CO, which melts at 293°, 
with partial conversion into dimethylaminoacetio methyl ester (see above). 
Iodine in potassium iodide precipitates a periodide from an aqueous solution of 
betaine (C. 1904, II. 950). 

Ethylamino derivatives. The action of ethylamine, diethylamine and 
triethylamine on chloroacetio acid produces ethylglycocoU, diethylglycocoU, and 


iriethylglycocoll, triethylbetaine, (C 2 H 5 ) 3 NCH 2 C 06 . Similarly to betaine itself, 
the latter compound is converted by destructive distillation into diethylamino- 
acetic ethyl ester, b.p. 177°, the ethiodide of which is reconverted by silver oxide 
into triethyl betaine. Similar changes have been observed with dimethylethyl 
betaine and methyldiethylbetaine (Ber. 35, 584). 

The homologous betaines can also be prepared by the addition of iodo- 
alkyls to dialkylaminoacetonitriles and the subsequent saponification of the 
iodo-alkylate formed. The dialkylaminoacetonitriles just referred to can be 
synthesized from formaldehyde, hydrocyanic acid, and dialkylamines (Ber. 36, 
4188). 

CH.I I I 

(C2H5)aNCH2CN ^ (C2H3)aN(CH3l)CH2CN (C2H5)2N{OH3)OHaCOO. 

Acyl Derivatives. Formylglycocoll, formaminoacetic acid, HCONH'CHg- 
COOH, m.p. 151-152°, is prepared by heating glycocoll with formic acid to 100° ; 
and from glyoxylic acid and ammonia (Ber. 36, 2525 ; 38, 3999). 

2CHO-COOH -f NHg = HCO-NH^CHgCOOH + COg + HgO. 

Qlyoxylic acid. Formyl glycine. 

Acetylglycocoll,’ acetamimacetic acid, aceturic acid, CHgCONH'CHgCOOH, 
m,p. 206°, results from the action of acetyl chloride on silver glycocoU ; from 
acetamide and monochloroacetic acid ; from ammonia and a mixture of glyoxylic 
and pyroracemic acids (Ber. 36, 2526). It is readily soluble in water and icohol, 
and behaves as a monobasic acid (Ber. 17, 1664). 

^ More important are hippuric acid or benzoyl glycocoll {q*v.) and glycocholic 
acid {qjv.) which have already been referred to in connection with glycocoll, and 
which will be dealt with later. They are similarly constituted to aceturic acid. 
Naphthalenesulphoglycine, CioHvSOgNH-CHgCOOH, m.p. 156° (Ber. 35, 3779). 

Di- and tri-glycoUamic acids are formed on boiling monochloroacetic acid 
with concentrated aqueous ammonia (Ann. 122, 269 : 145, 49 ; 149, 88). 
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DiglycoUamic acid, NH(CHgC 02 H) 2 , m.p. 225°, forms salts both with acids 
and bases, whilst triglycollamic acid, N(CHaC 02 H) 3 , cannot unite with acids. 

Imino -acetonitrile, NH(CH 2 CN) 2 , m.p. 75°, and triglycollamic nitrile, N(CH 2 - 
CN) 3 , m.p. 126®, are obtained from methylene cyanohydrin and ammonia (Ann. 
278, 229 : 279, 39). Dimethyl-dicyano-methyl-ammonium bromide, ( 0113 ) 2 - 

NBr(CH 2 CN) 2 , is prepared from dimethylaminoacetonitrile and bromoaceto- 
nitrile (Ber. 41, 2123). 


* 

Alanine, oi-aminojpropionic acid, CH3CH(NH2)C02H (see also 
below), m.p. 293° (decomp.), is obtained from a-chloro- and a-bromo- 
propionic acid by means of ammonia ; also from aldehyde-ammonia, 
hydrocyanic acid, and hydrochloric acid ; or aldehyde, ammonium 
cyanide, and hydrochloric acid (Ber. 41, 2061), by hydrolysis of the 
intermediate cL-amino-propionitrile, CH 3 CH(NH 2 )CN. This can be 
precipitated as sulphate from an alcoholic solution of aldehyde- 
ammonia and hydrocyanic acid by sulphuric acid, and may be re- 
solved into its optically active components by formation of the 
tartrates (p. 72) (C. 1904, I. 360). 

It can be prepared by the action of hydrogen and ammonia 011 
pyruvic acid in the presence of colloidal palladium (Compt. rend. 
186, 1844). 

Racemic or dZ-alanine crystallizes from water in aggregates of 
hard needles ; it is soluble in 3 parts of water, less easily in alcohol, 
and not at all in ether. On being quickly heated, it melts with partial 
decomposition, partially into ethylamine and CO 2 , and partially into 
aldehyde, CO, and ammonia (Ber. 25, 3502 : 32, 245). Alanine is 
partially oxidized to pyruvic acid when shaken with air in the presence 
of copper (Compt. rend. 176, 1227). 

Amide, CH 3 ‘CH(NH 2 )*CONH 2 , in.p. 68® (C. 1906, I. 818). Alanine ethyl 
ester, CHsCH(NH 2 )COOC 2 Hs, b.p. 48®/ll mm. ; hydrochloride is easily soluble in 
alcohol, unlike glycine ester hydrochloride (Ber. 34, 442). Alanyl chloride hydro- 
chloride, CH3CH(NH3C1)C0C1, is a white crystalline powder (Ber. 38, 2917). 
p-Naphthalenesulpho-alanine, CioH7S02*NHCH(CH3)COOH, m.p. 152°. Ben- 
zoylalanine, CeH 5 CO*NHCH(CH 3 )COOH, m.p. 166°, is resolved by means of 
brucine into the components d- and Z-benzoylalanines, which, on hydrolysis, yield 
Z- and d-alanine. 

Dextrorotatory alanine, dec. 297°, [a]?? + 2*7° (in water), [(x]d 
+ 10*4° in hydrochloric acid (Ber. 39, 462 : 40, 3721), occurs among 
the products of hydrolysis of many proteins, and can be isolated as 
ester in large amount from the hydrolysis products of silk fibroin. 
It forms rhombic crystals. The naturally occurring alanine has been 
shown {Freudenberg and Rhino, Ber. 57, 1550) to belong to the same 
stereochemical series as Z-(+)-lactic acid, and is therefore to be desig- 
nated Z-alanine, In spite of its dextrorotation. Its formula can be 
written accordingly : 

COOH 

I 

NHo-C-H 



Nitrous acid converts ^(+)-alanine into ordinary Z-(+)-lactic acid. 
Nitrosyl bromide, on the other hand, converts Z-(+)-alanine into 
(“■)-bromopropiomc acid, which with ammonia yields d-(— )-alaninej 
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and similarly d- ( — ) -alanine with nitrosyl bromide followed by ammonia 
yields 2-(+)“alanine (Walden inversion) (Ber. 58, 148). For the rela- 
tionship of alanine to serine and cystine, see Ber. 40, 3717. 

Methyl iodide and sodium hydroxide convert Z-{4-)-alanine into { — )-tHmethyl- 

propiohetame, NMea'CHMe-COO, which is also obtained from (-f')-a-bromo- 
propionic acid and trimethylamine (Ber. 40 , 5000). Triethy^lpropiobetame is 
formed by the hydrolysis of the ethiodide of oL-diethylamimpropionitrUei CHg-CH- 
(NEt2)*CN, b.p. 8P/27 mm., which is obtained from aldehyde cyanohydrin and 
diethylamine (Ber. 36, 4188). 

Iminodipropionic acid, 

metric carbon atoms, giving rise to two optically inactive forms, m.p. 255® 
(corresponding with mesotartaric acid), and m.p. 235® (corresponding with 
racemic acid). The monamides, m.pp. 332° and 210°, are formed by the prolonged 
interaction of dilute hydrocyanic acid and aldehyde-ammonia at ordinaiy tem- 
peratures, together with iminodipropionimide, NH[CH(CH3)CO]2NH, m.p. 186°, 
alanine, and other substances (Ber. 39, 3942). 

Higher a-amino-acids are prepared mainly by the general methods from 
a-halogen-fatty acids and from the nitriles of a-hydroxy-acids and ammonia. 

a-Amino-n-butyric acid, CH3CN2CH(3ra:2)COOH. m.p. 307° (decomp.), 
is resolved by means of the morphine salt of the benzoyl-derivative, [a]®® ± 8° ; 
ethyl ester, b.p. 61°/11 mm. (Ber. 33 , 2387 : 34 , 443) ; nitrile (Ber. 41 , 2062). 
cc-AminoAsobutyric acid, (CH3)2C(NH2)C02H, sublimes at 280° without melting, 
and is formed also by oxidation of diacetonamine sulphate ; nitrile, b.p. 50°/12 
mm., is prepared from acetone and ammonium cyanide (Ber. 33 , 1900 : 39 , 
1181 1726). 

a-Amino- valeric acid, CH3[CH2]2CH(NH2)COOH, is formed also by 
oxidation of benzoyl coniine (Ber. 19, 500) ; ethyl ester, b.p. 68°/8 mm. (Ber. 
35 , 1004). * 

Valine, oL'‘ A mino Asovcderlc acid, (CH3)2CHCH(NH2)COOH, decomposes at 
298°. The inactive acid results from a-bromoisovaleric acid and ammonia ; 
ethyl ester, b.p. 63°/8 mm. Formyl valine, HCONHCH(C8H7)COOH, m.p. 
140-145°, is produced by heating valine and formic acid together. Formyl- 
valine can be resolved by means of its brucine salts, and the active valines obtained 
from the active formyl derivatives. The dextrorotatory valine, m.p. 315°, 
[a]®o = -1- 6'42°, in aqueous solution and -f 28*8° in hydrochloric acid, is a 
decomposition product of protein bodies — ^in the germs of the lupin, horn, casein, 
from protamines, and from the pancreas of oxen. ( — )-Valine has a much sweeter 
taste than (-f )-valine (Ber. 39 , 2320). a-AminoTnethylethylacetic acid, (C2H5)- 
(CH3)C(NH2)C00H, is prepared from methyl ethyl ketone, etc. ; ethyl ester, 
b.p. 66°/20 mm. (Ber. 35 , 400 : 39 , 1189), * 

a>Ammocaproic acids, a.-amino~n-caproie acid, CH3[CH2]3CH(NH2)C00H, 
s prepared from a-bromo-n-caproic acid and ammonia. It is resolved into its 
optical components by means of its benzoyl-derivative (Ber. 33 , 2381 ; 34 , 3764). 

* 

Leucine, a-Amino-isocaproic acid, (CH3)2CHCH2CH(NH2)OOOH. Optically 
active leucine (from XebKos, glistening white, referring to the appearance of 
the scaly crystals) occurs in different animal fluids, in the pancreas, in the 
spleen, in the lymph-glands, and is physiologically very important. It is 
formed by the decay of proteins, or when they are boiled with alhalis and acids. 
It is prepared by heating horn, the dried cervical ligament of oxen, or from casein 
with dilute sulphuric acid. Its purification is best effected by conversion into 
the ester (Ber. 34 , 446 : C. 1908, I. 1633). Leucine is also obtained from 
vegetable proteins such as that of the lupin. Strecher (1848) showed that when 
it was treated with nitrous acid it passed into a hy^oxyoaproio acid, leticic 
acid, m.p. 73° (p. 418). 

The naturally occurring leueme, m.p. 270°, sublimes unaltered when carefully 
heated, but decomposes on rapid rise of temperature into aihylamine and COj. 
It forms shining leaflets, which feel greasy to the touch. It is soluble in 48 parts 
of water and 800 parts of hot alcohol. It is optically active, the free ctcid rotating 
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llie pltiiio uf polarinatioii io tho Irjt^ whilst its /if^drochforklc rotates it to tho 
right. Wheji heated with alkalis it beeona^s inactive and is then identical with 
the synthetic product, which can be obtained from isovaleraldehyde, ammonium 
cyanide and hydrochloric acid, or from the condensation product of wcbutyralde- 
hyde and hippuric acid. 

The active leucines can be obtained by resolution of dZ-benzoylleucine by- 
means of cinchonine, or by resolution of dZ-formylleucine. (-f- ) -Leucine is 
obtained from inactive leucine by the action of PeniciUium glaucum, its hydro- 
chloride is Isevorotatory (Ber. 24, 669 : 26, 56 : 33 , 2370). As all naturally 
occurring amino -acids probably belong to the same stereochemical series, the 
natural ( — ) -leucine is probably Z-leucine, and can be represented 

COOH 

i 

NHoCH 

“ I 

CHa 

I 

CHMeg. 

Leucine ethyl ester, b.p. 196°. Acetyl leucine, m.p. 160° (Ber. 34, 433). 
Leucyl chloride hydrochloride, C4H9CH(NH3C1)C0C1 {Ber. 38, 615). 

a-Amino-sec.-butylacetic acid, isohucine, ^^®^CH'CH(NH 2 )COOH, 

contains 2 asymmetric carbon atoms, and therefore gives rise to 4 optically active 
components and 2 racemic forms. Resolution, see Z. physiol. Chem. 1931, 195, 
121. A d-iBoleucine, m.p. 280°, with decomposition, [a]^® = + 9-7 in water, 
-f 36*8 in hydrochloric acid, occurs together with leucine in beet molasses, 
and as a decomposition product of proteins. Synthetically, mc.-i^oleucine is 
produced by reduction of a-oximino-fsobutylacetic acid (p. 465), and from 
a-bromo-5ec. -butylacetic acid and ammonia. d-fsoLeucine is prepared from 
d-valeric aldehyde by the cyanohydrin synthesis (Ber. 40, 2538 : 41, 1453). 

(X-Amino-mnanthic acid, CH3[CH2]4CH(NH2)C02H (Ber. 8, 1168). 

(X- Amino caprylic acid, CH3[CH2]5CH(NH2)C02H (Ann. 176, 344). 

(x-Aminopalmitic acid, CH3[CH2]j3CH(NH2)C02H (Ber. 24, 941). 

a^Aminostearic acid, CH3[CH2]i5CH(NH2)-C02H, m.p. 221° (Ber. 24, 2395). 


Dipeptides and Polypeptides 

As has repeatedly been mentioned, the simple a-amino-aeids, such 
as glycocoll, alanine, valine, and leucine, occur together, and also with 
such complicated substances as serine, proline, cystine, asparagine, 
lysine, arginine, histidine, and tyrosine, as products of the hydrolytic 
decomposition of proteins. It is probable that these breakdown 
bodies are united with one another in the protein molecule through 
their amide groups. 

This question has been attacked both synthetically and analytically 
{E. Fischer: Untersuchungen iiber Amino-sauren, Polypeptide und 
Proteine, Berlin, 1906 : Th. Curtias : Verkettung von Amino-sauren J. 
pr. Chem, [2] 70, 57). In synthesis, the esters, chlorides, and azides 
of the aminocarboxylic acids themselves or of the substances which 
go to produce them, have been employed ; and by their means the 
aminoacyl residue has been substituted into the amino-group of other 
amino-acids, and the process has been successively repeated. The 
aminoacyl aminocarboxylic acids produced have been named by E. 
Fischer, peptides, because of their comparability with the natural pep^ 
tones (protein products of digestion). They are classified according to 
the number of the connected amino-acids — di-, tri-, tetra-pepiides, etc. 

In recent years it has been questioned, whether the peptide link- 
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age is the only one occurring in the protein molecule, or whether 
closed heterocyclic rings may not also play a part. This is discussed 
further under the proteins. 

1. Dipeptides and their inner anhydrides, cyclic double amides, 
diketopiperazines. a- Amino-esters, when heated or even on standing 
in aqueous solution, part with alcohol and form dimolecular cyclic 
amides, corresponding with the lactides (p. 414) : 

2NHjCHjCOOCaH5 = + 2CjHjOH. 

These compounds are derivatives of diethylenediamine or piper- 
azine (p. 387), whence the names diketo-, diaci-, or dioxopiperazine : 

0<Coi^>0 

5 6 

DiglycolUde. 2 : 5-I)iketopiperazine. * Piperazine. 

When warmed for a short time with hydrochloric or hydrobromic 
acid, or when shaken with dilute alkalis, the diketopiperazine is split 
up into the dipeptide, which when melted, or when its ester is heated, 
easily changes into the diketopiperazine : 



Diketopiperazine. Glycylglycine 

(the simplest dipeptide). 


Unsymmetrically substituted diketopiperazines, such as leucyl- 
glycine anhydride, can be split into two different dipeptides, from 
which the same anhydride can be re-formed. 

2. Dipeptides and polypeptides are obtained in the following 
manner : (a) Chlorides of the oc-halogen-fatty acids react with a- 
amino-acids to form a-halogenacylamino-acids, which with ammonia 
give dipeptides. These by further treatment with a-halogen acyl 
chlorides and ammonia yield tripeptides, and these tetrapeptides, 
pentapeptides, and so on : 

ClCHjGO-NHCHjCOOH NH.CH.CO-NHCHaCOOH 

Chloroaeetylglycine. Glycylglycine. 

ClCHjCO-NHCHjCO-NHCHjCOOH 

Chloroacetylglycylglycine. 

NHaCHjsCO-NHCH^-CO-NHCHaCOOH. 

Diglycylglycine. 

The esters of the halogenacylamino-acids are easily converted by 
ammonia into dipeptide anhycfcides, diketopiperazines (see above). 

(b) Again, the halogenacylamino-acids can be converted into their 
chlorides, united with other amino-acids and then be acted on by 
ammonia : 

CiHaCHBrCO-NHCHaCOCl > 

Bronioisocaproylglycyl ckloride. 

CjHjCHBrCO-NHCHjCO-NHCHjCOOH 

Bromo t -wcaproylglycylglycine. 

C4H9CH(NH2)C0-NHCH2C00H. 

Lencylglycylglycine. 

(c) Finally, the chlorides of the amino-carboxylic acid hydro- 
chlorides can be employed with advantage (p. 436). The azides, also, 
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of the acyl amino-acids such as hippuryl azide, CeHg-CONHOHaCONa, 
unite with amino-acids, splitting off N3H, and easily forming acyl 
derivatives of the di- and polypeptides. 

3. Higher polypeptides result from heating the methyl esters of 
lower peptides : 

2NH2CH2C0-NHCH2C0-NHCH2C02CH3 > 

Diglycylglycine ester. 

NH2CHsCO-[NHCHjCO]*NHCHjCOjCH,. 

Pentaglycylglycine ester. 

4. Some di- and polypeptides are produced by the partial hydro- 
lysis of various proteins, such as silk fibroin, elastin, gHadin, gelatin 
with cold fuming hydrochloric acid or by enz3nnie digestion. By the 
use of uniform enzjrae preparations under optimal conditions and 
hydrolysis to a definite stage, this fractional enzymic hydrolysis is of 
great value (Waldschmidt-Leitz, Z. physiol. Chem. 156, 68, 99). 

Properties . — ^The di- and polypeptides are usually soluble in water, 
though some, such as the penta- and hexapeptides from glycine are 
only sparingly so. They are soluble in acids and alkalis, in accord 
with their content of an amino and a carboxyl group. Most peptides 
are insoluble in alcohol. The peptides decompose, with or without 
melting, at about 200°, the dipeptides usually forming diketopiper- 
azines. 

The higher peptides, such as Curtius’s “ hixiret base ” (Triglycyl- 
glycine ester), give the biuret reaction, which is characteristic of pro- 
teins, when treated with alkali and copper sulphate (see under Proteins). 

Di- and polypeptides are broken down to their constituent amino- 
acids by the erepsin of pancreatic juice and intestinal mucosa (Z. 
physiol. Chem. 151, 31). Hydrochloric acid also hydrolyses them to 
amino-acids. 

Glycylglycine, NHaCHgCO-NHCHaCOOH, decomposes 215-220°; ethyl 
esteTf m.p. 89°, easily parts with alcohol, yielding glycine anhydride, 2 : 5- 


diketopiperazine, NHCHaCO'NHCHgCO, m.p. 275°, which is also prepared from 
glycocoll ester in aqueous solution. By boiling for a short time with strong 
hydrochloric acid or by shaking with N/1 sodium hydroxide, it is easily split up 
into glycylglycine (Ber. 38, 607), 

Sarcosine anhydride, CH 3 NCH 2 CON(CH 3 )CH 2 CO, m.p. 150°, b.p. 350°, is 
obtained by heating sarcosine (Ber. 17, 286) : molecular compounds with 
phenols, Z. angew. Chem. 40, 983. ^ 

Qlycyl-d\-ala7iine, NH 2 CH 2 CO-NHCH(CH 3 )COOH, m.p. 227° (deeomp.), is 
prepared from chloroacetylalanine and ammonia ; anhydride, m.p. 245° with 
decomposition, is formed from chloroacetylalanine ester and ammonia. 

Glycyld-id-ycilanine and its anhydride are obtained by the hydrolysis of silk 
fibroin (Ber. 40, 3546). h{-{-)‘AlanylgIycine, CH 3 CH(NH 2 )CO*NHCH 2 COOH, 
m.p. 235° with decomposition, is produced from Z-(-j-)-alanyl chloride hydro- 
chloride and glycocoll ester (Ber. 38, 2914). 

Alanytalanine, CHaCH(NH 2 )CO-NHCH(CH 3 )COOH, m.p. 276° (decomp.), is 
obtained by the decomposition by alkali of its anhydride, di-lactyl di^amide, 

lactimide, dimethyidiketopiperazine, m.p. 275°. The 

anhydride is best obtained from alanine ester at 180°. It is reduced by sodium 
and alcohol to 2 : 5-dimethylpiperazine (Ber. 38, 2376 : C. 1902, 1. 631). d-(~)- 
Alanyl ^( -f- )-aZawme is produced from Z-bromopropionyl Z-( 4-) -alanine and 
ammonia, [a]|® == — 68*5° ; its ester on parting with alcohol is converted into 
the optically inactive meso -anhydride (see p, 41), 
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oi-Ambiobutyryl oi-aminobutyno acid; NH2CH(03H,)CO*NliCH(C3H,)CO()li, 
2 stereoisomerie forms, m.p. 273^" (decomp.), and m.p. 257" (decoiiip.) is prepared 
from bromobufcyrylaiiiiiio butyric acid; anhydride, m.p. 207” (Ann. 340, 187). 

Lmcyllmcine, NHaCH(C4H9)GONHCH(04H2)COOH, m.p. 270" with decom- 
position, is formed from bromoii'ocaproyl leucine and ammonia ; anhydride leu- 
cinimide, m.p. 271°, is prepared from leucine ester (Ber. 37, 2491). 

Diglycylglycine, NHaCHaCO-NHCHsCO-NHCHgGOOH, m.p. 246° (de- 
comp.), is prepared from chloroacetylglycylglycine and ammonia ; methyl ester, 
m.p. Ill”, when heated passes into pentaglycylglycine ester, slightly soluble in 
water (Ber. 39, 472). 

Triglycylglycine is prepared from chloroacetyldiglycylglycine ; ester, 
NHaCHaCO-NHCHgCO-NHCHaCO-NHCHaCOOCaHs, the biuret base,^^ is 
formed together with a little glycine anhydride, when glycocoll is left to stand in 
solution in absolute ether. Benzoyl triglycyl glycine, m.p. 217°, is formed also 
from hippuryl glycine azide and glycyl glycine (Ber. 37, 1284, 2486). 

Leucylpentaglycylglycine, C4H8CH(NH2)C0[NHCH200]5NHCH2C00H, is 
prepared from bromomcaproylpentaglycylglycine and ammonia (Ber. 39, 461). 

The most complex polypeptide synthesized is l-leucyltriglycyl-l-leueyltriglycyl 
l-leucyltriglycyl-\‘leucylpentaglycylglycim (Ber. 49, 561)* 

^-AmiTio-acids 

In addition to the methods 1 to 4 on p. 434, j3-amino acids are advantageously 
prepared by the addition of hydroxylamine to ajS-unsaturated acids. The prob- 
able intermediate product, a hydroxylamino-acid is reduced to the amino-acid 
by excess of hydroxylamine (Ann. 389, 1). jS-Imino acids can also be reduced 
catalytically to j3-amino acids. 

Of this group of substances little is known. They form neither cyclic double 
amides, as do the a-amino-acids, nor cyclic simple amides or lactams like the 
higher aminb -acids, except betaines. 

p-Ami^wpropionic acui, ^-alanine, CH2(NH2)CHa*COOH, m.p. 196° with 
decomposition into ammonia and acrylic acid. It is isomeric with alanine 
(p. 443), and is prepared from j8-iodopropionic acid and ammonia, from j8-nitro- 
propionic acid, from isoserine (a-hydroxy-jS-aminopropionic acid) by reduction 
with hydriodic acid and phosphorus (Ber. 35, 3796 ) ; but most conveniently from 
succinimide, by the Hofmann inversion (p. 191) by means of bromine and alkali 
(Ber. 26, R. 96 : 0. 1905, 1. 155 : 1906, 1, 818) ; methyl ester, b.p. 58°/16 mm. ; 
amide, m.p. 40°. 

yS-Aminopropionio acid forms with histidine the dipeptide oarmsine, which 
occurs in muscle extract. 

NH C~-CH*-CH(COOH)-NH*CO-CH2CH2-NH2 

1 11 

CH=N — CH 
Caraoslne. 

^-Dimeilvylaminopropionic methyl ester, (CH3)2NCH2CH2C00CH3, b.p. 154°, 
is prepared from ^-iodopropionio ester and dimethylamine. Heat partially 


transforms it into its isomer ^-trimethylpropiohetaine, (CH3)3NCH2CHaC06, 
which in its turn undergoes transformation on melting into trimethylamine 
acrylate, CHg ; OHCOONH(CH3)3 (Ber. 35, 584). 

p-Aminobutyric acid, CH3CH(NH2)CH2C02H, m.p. 156° (approx.), is prepared 
by heating crotonio acid with ammonia. It is a very hygroscopic crystalline 
mass (J. pr. Chem. [2] 70, 204). ^-Aminoisovaleric acid, (CH3)2C(NH2)0H2- 
(JOOH, is produced by the reduction of the corresponding nitro-acid (p. 434). 

y-, 6-, and C-Aminocarboxylio Acids 
The most important characteristic of the y- and <5-amino-carboxyKc 
acids as weh as of some of the higher acids is that when heated they 
part with water and yield cyclic, simple acid amides or lactams (p. 450). 

(1) Piperidine derivatives, when oxidized, have yielded some of these acids 
(Schotten), (2) Potassium phthalimide affords a general synthetic method: 
ethylene bromide or trimethylene bromide, acted on by it, yields cu-bromoethyl 
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phthalimide and cu-bromopropyl phthalimide {Gabriel). These compounds react 
with the sodium derivatives of malonic or alkylmalonic esters, or cyanoacetic 
esters to form phthalimido-acids which are decomposed on heating with hydro- 
chloric acid, into phthalic acid, y-, or 8-amino -carboxylic hydrochloride, carbon 
dioxide and alcohol (Ber. 24, 2450) : 


^ oj-Bromoethyl phthalimide. 

y-Aminobutyric acid. 


CeH.| Wg°>NCH,CHsOHjBr 

^ .lo-Bromopropyl pbtluiUmlde. 

I [2j8o>’^CCH,]3CH(CO,C,H,), 

^'®»{[2jco'H + NH,[CH,]4C0,H. 

I-Aminovaleric acid. 


Similarly, €-bromo-amyl phthalimide can be made to yield e-phthalimido- 
amyl malonic ester, and this converted into ^-aminoheptylic acid (Ber. 35, 1367). 
Or, benzoyl amino-amyl iodide may easily be made to react with potassium 
cyanide or sodium malonic ester, the product from which is hydrolysed. 

(3) A general method for the preparation of 8-, €-, and ^-amino-acids and their 
lactams, is the transformation of the oximes of cyclic ketones, such as cyclo- 
pentanone, ci/cZohexanone or cj/cZoheptanone (Vol. II). These- are converted by 
concentrated sulphuric acid into lactams (c/. Bechnann^s transformation, p. 268) 
which can be decomposed into their respective amino-acids {Wallach, Ann. 
312, >71), e.gr.: 

CHa-CHgv CHo-CH^-NH 

{ \o : nOH 1 “ I 

CHa-CHa/ CHa-CHa-CO 

cycZoPentanone oxime. S-Aminovaleric acid lactam. 

Mechanism of these transformations and the Beckmann inversion generally, 
see Ann. 346, 27. 

y-Aminobutyric acid, piperidic add, m.p. 183-184°. It is formed (1) when 
piperidyl urethane, CH 2 <^^®^^^^N*C 02 C 2 H 5 , is oxidized with nitric acid 

(Ber. 16, 644) ; (2) by means of potassium phthalimide ; (a) by the double 
decomposition of bromoethylphthalimide with sodium malonic ester (see above), 
or (6) from cu-bromopropylphthalimide and potassium cyanide, and decomposing 
the phthalyl y-aminobutyric nitrile (Ber. 23, 1 772). The acid is most conveniently 
obtained from its lactam (p. 450) by means of barium hydroxide solution (Ber. 33, 
2230). y-Dimethylaminohutyric meihyl ester, (CH 8 ) 2 N[CH 2 ] 3 COOCH 3 , b.p. 
172°, is prepared from y-chlorobutyric ester and dimethylamine. On heating 
it is decomposed into butyrolactone and trimethylamine. The isomeric y-^^•^- 

methylhutyrohetaine, (CH 3 ) 3 ]lif[CH 2 ] 3 COO, which is obtained by exhaustive 
methylation of butyrolactam in alkaline solution (Ber. 35, 617) xmdergoes the 
same decomposition. 

y-Aminovaleric acid, CH3CH(NH2)CH20H2C02H, m.p. 193°, results from 
the decomposition of lasvulinie acid phenylhydrazone by sodium amalgam (Ber. 
27, 2313). Both y-amino-acids, when heated, pass into lactams. 

8-Amino-n-valeric acid, homopiperidic acid, NH2(CH2)4C02H, m.p. 158°, 
is produced by the putrescence of fibrin, flesh, and gelatin (Ber. 31, 776). 

The benzoyl derivative of this acid and also sulphonyl biS’S-amitwvaleric acid, 
S02[NH(CHa)4C02H]2, m.p. 163°, are formed by the oxidation of benzoylpiperi- 
dine, CgHioN-COC^Hs, and of sulphopiperidine by KMnO^ (Ber. 21, 2240) ; the 
acid is prepared from phthalimido-propylmalonic ester (Ber. 23, 1769). 

h-Trimethylvalerohetame, (CH 3 ) 3 N[CH 2 ] 4 COO. The hydrobromide is obtained 
from y-bromopropylmalonic esters and trimethylamine, by hydrolysis, and the 
action of hydrobromic acid. The substance itself is converted by heat into the 
isomeric d’dimethylaminovaleric methyl ester, (CH 3 ) 2 N[CH 2 ] 4 COOCH 3 , b.p. 186- 
189°, together with S-valerolactone (Ber. 37, 1853). 

By method 2 (p. 448) the following are also prepared; B-amino-oi~methyh 
valeric acid, NH 2 *CH 2 CH 2 CH 20 H(CHs)C 02 H, m.p. 168° ; B-amim-OL-ethylvaleric 
add, NH 2 CHaCH 2 CH 2 CH{C 2 Hg)COaH, m.p. 200-200*5°; S-AmtVio-a-pmpyf- 
voL. I. ao 
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valeric acid, NH 2 CH 2 CH 2 CH 2 CH(C 3 H,)C 02 H, m.p. 186" (Ber. 24, 2444). A 
jS- or y-methyl S-amino-n-valeric acid, m.p. 134°, with decomposition, is prepared 
from its lactam (Arm. 312, 185). 

S-Amino-w«octoic I acid, homoconiinic acid, C3H7CH(NH2)[CHg]3C02H, 
m.p. 168°. The benzoyl compoimd is obtained by oxidation of benzoylconiine 
with KMnO* (Ber. 19, 504). 

c-Aminocaproic acid, cdeucine, NHgECHalsCOgH, m.p. 204°, is obtained 
from phthalimidobutylmalonic ester, from c-benzoylaminocapronitnle, CgHg- 
C 0 NH[CH 2 ] 6 CN (Ber. 40, 1839), or from its lactam, obtained from cj/cZohexanone 
oxime, by boiling with hydrochloric acid. c-Aminocaproic acid is oxidized by 
permanganate to adipic acid ; nitrous acid produces two isomeric hexenoic acids 
instead of the expected e-hydroxycaproic acid (p. 429) (Ann. 343, 44), 

^-Amino-n-heptoic acid, NHafCHalgCOOH, m.p. 187° (decomp.), is also 
prepared from its lactam, suberone oxime (g.t ?.) ; also from the phthalimidoamyl- 
raalonic ester, or benzoylaminoamylmalonic ester (Ber. 40, 1840). On heating, 
it does not yield a simple lactam (Ber. 35, 1369). Permanganate oxidizes it to 
pimelio acid (Ber. 343, 44). 

i-Aminocapric acid, NH 2 [CH 2 ]flCOOH, m.p. 188°, is prepared from azelaic 
monoamido-acid, NHaCOCCHal^COOH, and alkali hypobromite ; benzoyl deriva- 
live, m.p. 97°. These products are not identical with those obtained from benzoyl 
decamethylene imine by oxidation (C. 1906, II. 1126). 

Lactams [Cyclic amides of the y-, e-, and t^-amino acids) 

These cyclic amides are formed when the y-, (3-, and e-amino- 
acids are heated to their point of fusion, when they then lose water, 
and undergo an intramolecular condensation. Some of them have 
been obtained by the reduction of the anil chlorides of dibasic acids 
— e.g. suocinimide and dichloromalein anil chloride. The names 
y4actams and d-lactams recall the lactones. Just as the lactones, 
under the influence of the alkali hydroxides, yield hydroxy-acid salts, 
so the lactams, when digested with alkalis or acids, pass into salts 
of the amino-acids, from which they can be formed on the application 
of heat, 

Further, the lactams bear the same relation to the imines of the 
alkylenediamines as the lactones to the oxides of the glycols (p. 367), 
These relations are apparent in the following arrangement : 

CH2CH2OH CHaCHaNHa 


CH 3 CH 2 OH CHaCHgNHa 

Tetramethylene Tetramethylene 

glycol. diamine. 


CHaCHaV 

CHaCHa/ 


O 


Tetramethylene oxide. 
Tetrahydrofuriuran. 


OHaCH 

I 

CH.CH 



Tetramethylene imine. 
Tetrahydropyrrol. 


CHaCO V 

I > 

CHaCHa/ 


O 


y-Butyrolactone. 


CHaCO 

CHaCH 


>NH 


y-Butyrolactam. 

y-Pyrrolidone. 


The amino-acids are not poisonous, but the y- and <3-lactams are 
violent, strychnine-like poisons, affecting the spinal cord and pro- 
ducing con^sions. These bodies will be met with again among the 
pyrrole and pyridine derivatives, as tetrahydropyrrole and piperidine 
compounds (Vol. IH). 

CHaCO \ 

y-Lactams ; yButyrolactam,2~pyrrolid(me, 1 yNH,in.p.26°,b,p.246°, 

CHgCHa' 
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iinites with water to form a crystalline C4H7ON + HgO, m.p. 35°. It is 

best prepared from succinimide by electrolytic reduction (Ber. 33, 2224). N4bo- 
Propyl^2-pyrrolidone, C4HeON*C3H,, b.p. 222°, is similarly prepared from iso- 
propylsuccinimide, and N -phenylbutyrolactam, C4H60N-C3H5, from succinanil. 
It can also be produced by reduction of dichloromalein anil dichloride {Ann. 295, 
27). Pyrrolidone possesses feebly basic and acid properties. Its sodium salt 
reacts with iodomethane, producing N -methylpyrrolidone, C4H60-NCH3, an oil. 
When boiled with P2S5 in xylol, pyrrolidone is converted into thiopyrrolidone, 
C4H,SN, the potassium salt of which, with iodomethane, gives thiopyrrolidone 
xjj-methyl ether, b.p. 170° (Ber. 40, 2831, 2848) : 


CH2~-NHv 
1 >GO 

CH3— CHg/ 
Pyrrolidone. 


■> 


CH-— NH 


CHa*— Ca 
Thiopyrrolidone. 


> 


CII2 

I \CSCH3. 

CHa— CH5/ 

»^f-Methyl ether. 


The i/r-methyl ether, on reduction, breaks up into methyl mercaptan and 
pyrrolidine (p. 386). 

CH3— CH(CH8)\ 

y-Valerolactam, 6‘methyl-2-pyrrolidone, | /NH, m.p. 37°, can be 

CH- CO/ 


distilled without decomposition. By reduction with sodium and amyl alcohol 
it is changed into 2-methylpyrrolidine (p. 386) (Ber. 23, 1860, 2364, 3338 : 23, 
708). 


3 : Z-Dimethylpyrrolidone, ctu-dimethylbutyrolactam, 
b.p. 237° (C. 1899, I. 874), 




C(CH3)2C0/ 


>NH, m.p. 66°, 


S- Lactams : h-valerolactam,aL-piperid(me, 

m.p. 39--40°, b.p. 256°, is obtained, amongst other methods, by the isomerization 
of C2^dopentanone oxime (Ann. 312, 179). 

iX-Methyl-h-valerolactam, Z-imthyl-2-piperidone, m.p. 55°, is isomeric with the 
/S- or y-methyl piperidone, m.p. 87°, obtained from jS-methylcyctopentanone 
oxime (Ann. 312, 186). 

OL-Ethyl-h-valerolactam, ^-ethylpiperidone, m.p. 68°, b.p. 141°/42 mm. (Ber. 
23, 3694). 

a-Propyl-B-valerolactafn, Z-propylpiperidone, m.p. 59°, b.p. 274°. 
h-Ti-Octamlactain, h>moconiinic acid lactam, Q-propyl-2‘piperidone, m.p. 84°. 
CHa-CHa-COv 

e-Gaprolactam, j m.p. 69°, is obtained by the trans- 

CH2CH2CH3/ 

formation of cyclohexanone oxime (Aim. 312, 187) ; and from e-aminocaproic 
acid (p. 449). It acts, physiologically, as a nerve poison. j8-Methylcycfohexa- 
none oxime and also oximes of the terpene ketones, menthone and tetrahydro- 
carvone can be converted into two methyl- ^-caprolactams, m.pp. 44° and 106° 
(structure, Ann. 346, 253), and two isomeric methylisopropyl-c-caprolactams, 
metUhone i&oosnme, m.p.. 120°, and tetrahydrocarvone isooxime, m.p. 104° (Ann. 
312, 197, 203). 

CHa-CHa-CHa-NH 

^-Heptolactam, I ^ I , m.p. 25°, b.p. 156°/8 mm., is prepared 

CHa-CHa-CHaCO 

from suberone oxime. It can be broken down into ^-aminoheptoic acid (p. 450) 
which on warming with nitrous acid is converted into c$-heptenoie acid (Ann. 
312, 205). 

1 1. Nitramino -fatty acids . Nitraminoacetic acid, CO aHCH a’NBLNO a, m.p. 
103°, is prepared by hydrolysing its ethyl ester (m.p. 24°), which results on treat- 
ing nitrourethane acetic ester, C2H5O20*N{NO2)*CH2COaC2H5, with ammonia 
(Ber. 29, 1682). 

12. i^oNitramino- fatty acids are obtained in the form of their sodiimi 
salts when sodium i^onitramino acetoacetic esters and sodium i^onitramino 
mono-alkylacetoacetic esters, or the explosive dioitroso-compounds of the 
hydrazo-fatty acids, such as hydrazo4>obutyric acid (p. 452), are acted on by 
the alkalis (Ber. 29, 667 : Ann, 300, 64). They are converted into hydroxyi- 
amino-fatty acids by dilute mineral acids (p. 434). Acid reducing agents change 
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them to amino-fatty acids, whilst alkaline reducing agents produce diazo-acids 
(p. 458) and hydrazino-acids (see below), 

v&oMtraminoacetio acid, COaHCH^Nc;^^]^, is a syrupy liquid. isoNitra- 

minoisobuiyric acid, C02HC{CH3)jj*]Sr(N0)0H, m.p. 94°. Their lead salts dissolve 
with difficulty (Ann. 300, 59). 

13 (a). Hydrazine -fatty acids are obtained, together with the diazo-acids, 
when the isonitTaminodatty acids are acted on with alkaline reducing agents. 
Their carbamide derivatives are obtained in the form of nitriles when hydro- 
cyanic acid becomes added to the ketone semicarbazones. 

Hydrazinoacetic acid, NHaNH'CH^COOH, m.p. 152°, with decomposition 
(Ber. 31, 164). (See also Amidohydantoic ester and Carbamidohydrazo -acetic 
OS't)0!P J 

cc-Hydrazinopropionic acid, NH 2 NH*CH(CH 3 )C 02 H, m.p. 180°, is formed 
from a-^>cnitrammopropionic acid (Ber. 29, 670), and from the addition product 
of hydrocyanic acid and acetaldehyde semicarbazone (Ann. 303, 79). 

cc-Hydrazinoisobutyric acid, NH2NH-C(CH3)2C02H, m.p. 237° (decomp.). It 
is formed when steam acts on its benzal derivative. The latter is made by acting 
on acetone semicarbazone, NH 2 CONHN==C(CH 8 ) 2 , with hydrocyanic acid, when 
carbamido-hydrazino-tsobutyronitrile is produced. This is then decomposed 
with hydrochloric acid, and benzaldehyde is added (Ann. 290, 15). 

13 (6). Hydrazo-fatty acids. — ^When a hydrazino-fatty acid is treated 
with acetone and potassium cyanide, a hydrazo-nitrile acid results : thus, 
from a-hydrazino-tfiobutyrie acid we get hydrazo-iaobutyric acid seminitrile, 

m.p. 100°. When hydrazine sulphate (1 mol.), 
acetone (2 mols.), and potassium cyanide (2 mols.) react, the product is hydrazo- 
isobutyronitrile, i^*P* 92°. Hydrochloric acid con- 

verts both nitriles into hydrazo-isobutyric acid, 
m.p. 223°. 

Its dinitroso-compound is decomposed by alkalis into isonitraminoi^obutyric 
acid (see above), a-hydroxy-iaobutyric acid and nitrogen (Ann. 300, 59). 

14. Azo- fatty acids. — Bromine water oxidizes hydrazo- esters and 
hydrazonitriles to the corresponding azo-hodies. Azo-laobutyronitrUe, 

m.p. 105°, when heated alone, or, better, with hot 
water, passes into tetramethyl succinic nitrile (Arm. 290, 1). 

B. UNSATURATED HYDROXY- ACIDS, HYDROXY -OLEFINE 
CARBOXYLIC ACIDS 

a-Hydroxy- olefine carboxylic acids are obtained by the action of cold 
hydrochloric acid oil the nitriles, the addition products of hydrocyanic acid and 
olefine-aldehydes. 

VinylglycoUic acid, OH, : CHCH(OH)COOH, m.p. 33°, b.p. 129°, is prepared 
from its nitrile, acrolein cyanohydrin, b.p. 94°/17 mm., or the amide, m.p. 86°, b.p. 
156“158°/21 mm. When heated with acids it is partly ' converted into the 
a-keto-acid — ^propionylformic acid, CHBCHgCO'COOH. This also results, to- 
gether with various condensation products, when vinyl glycollic acid is acted on 
by alkalis (Rec, trav. chim. 21, 209). 

PropenylglycoUic add, a-hydroxy-A^~pmtenoic acid, CH3CH : CHCH(OH)- 
COOH, is obtained from crotonaldehyde cyanohydrin. Boiling dilute acids con- 
vert it directly into a y-keto-acid — ^IsevuUnic acid (Ber. 29, 2582) ; 

CPaCH : CH*CH(OH)COOH CHsCO-CHaCHgCOOH. 

cc-Mthossy-acrylic acid, CH2 : C(0C2H5)*C02H, m.p. 62°, is obtained by hydro- 
lysis of its ethyl ester, b.p. 180° (c/. Acetal of Pyroracemic Ester, p. 464) (Ber. 
31, 1020). 

jS-Hydroxy- olefine carboxylic acids are obtained by condensation of olefine 
aldehydes with a-halogen-fatty esters by means of zinc (c/. mode of formation 
12o, p. 411). When an available hydrogen atom is present in the a-position, 
these acids readily lose water, as when, for instance, they are boiled with sodinm 
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hydroxide, forming di-olefine carboxylic acids (Ber. 35, 3633, C. 1903, II. 555 : 
1906, II. 318) : 

Br-CH^COoB. 

CH3CH : CH-CHO CH3CH : CH*CH(0H)CH2C02R 

2n ^-Hydroxy-hydrosorbic acid. 

> CH3CH : CH-CH : CHCOaH. 

Sorbic acid. 

^-Hydroxy -hydrosorhic acid is an oil, slightly soluble in water ; ethyl ester, 
b.p. 100°/2 mm. OL-Methyl hydroxy -hydrosorbic ester, b.p. 111®/15 mm. oc-Ethyl- 
^-hydroxysorbic ester, b.p. 111°/15 mm. cc-Ethyl-P-hydroxy-hydrosorbic ester, 
CH3CH : CHCH(0H)C(CH3)2C02R, b.p. 119717 mm., is stable. 

^-Hydroxy -cc(x.dimethyl‘Ay~pentenoie acid, vinylhydroxypivalic acid, CH^ 
CH*CH(0H)C(CH3)2C02H, b.p. 159723 mm. ; ethyl ester, b.p. 106®/! 9 mm., is 
prepared from acrolein, bromoisobutyric ester and zinc. In benzene solution, 
PgOg causes the splitting off of water, and simultaneously the addition of benzene, 
forming the compound CeHs-CHgCH : CHC(GH3)2C02Rs 

^-Hydroxy -acrylic acid, CH(OH) : CHCO2H, and ^-Hydroxycrotonic acid, 
CH3C(0H) : CH'COaH. These acids and their homologues are the aci- or enol- 
forms (p. 456) of the jS-aldo- and j3-keto-carboxylic acids, such as formylacetic 
ester and acetoacetic ester : 

enoldoTm CH(OH) : CHCO2C2H5 CH3C(OH) : CH-CO.C^Hs 

keto-torm CHO-CHaCOaCaHs 

Formyl acetic ester. Acetoacetic ester. 

In the free state formyl acetic ester exists as jS-hydroxy -acrylic ester (eml- 
modification), whilst acetoacetic ester is more stable in the keto-iorm. Since 
the aci- or enol-form is usually looked on as being a subsidiary form, and the 
aldo- or keto-form, the fimdamental modification, those derivatives, such as 
jS-alkoxy- and jS-acyloxy-olefine carboxylic acids, which are undoubtedly of the 
enol-form, will be descjribed with the latter. 

y- and 3 -Hydroxy-olefine carboxylic acids are known in the form of their 
lactones, of which some are obtained by distillation of the y-keto acids, and others 
from jSy-dibromo- or dichloro-fatty acids with the loss of 2 molecules of halogen 
acid. These d®- and d^-lactones are changed back into y-keto- or aldehyde acids 
by hydrolysis. 


-Butene lactone, crotolactone, CH tCH'CHgCOO, m.p. 4% b.p. 96°/15 mm., 
is formed from jSy-dichlorobutyric acid when heated alone or with potassium car- 
bonate (C. 1906, II. 46 : Ber. 35, 942). 

y-Ethoxycrotonic acid, CaHgOCHaCH : CHCOOH, m.p. 45®, b.p. 148®/26 mm., 
is obtained from y-ethoxy-jS-hydroxybutyronitrile, the addition product of hydro- 
cyanic acid to epiethylin, CaHgOCH^CH’CHgC) (C. 1905, I. 1138). 

A^- Angelic lactone, GH3C=CHCH2CO(i, m.p. 18®, b.p. 167®, and A^-angeltc 

lactone, GHaGH'GH : CHGOO, b.p. 83°/25 mm., are prepared from laevulinic acid 
and acetyl laevulinic acid. The d ^-lactone can be formed from the d“-lactone by 
various methods ; the change is, however, reversible. The d^-lactone, in contra- 
distinction to the d*-lactone, can be condensed with aldehydes at the a-CHa 
group (Ann. 319, 180). 

Mesitonic acid (aa-dimethyl Isevulinic acid, p. 479) gives rise to oL-dimethyl 
A^-angelic lactone, m.p. 24®, b.p. 167®., The isomeric <x;oc^-triinethyl-A^-buteno- 
lactone is prepared from the corresponding dibromo-acid. iso-OciewoZctcionc, 

(CH3)2CHCH2CH*CH ; CH*GO(!), is obtained from wo-octenoic acid dibromide (C. 
1905, II. 457 ; Ann. 347, 132). 

y - Methyl - and y - ethyl - ajS - dichloro - and - ajS - dibromo - hutem lactone 

R-^H-CX : CXCOO, b.p. 120722 mm., b.p. 110°/4 mm. ; m.p. 69° m.p. 51°, 
are prepared from mucoohloric acid and mucobromic acid (p. 457} by means of 
magnesium alkyl halides (Ber. 38, 3981). 
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Parasorbic acid, or sorbin oil, CHgCHgCHCH : OHCOO, or OH 3 - 

CHCHgCH : CHCOO, b.p. 221®, occtirs, together with malic acid, in the juice of 
ripe and nnripe mountain ash berries {Sorbus aucuparia). It is optically active ; 
[a == -f 40*8, and is a strong emetic. It passes into sorbic acid (p. 353) when 
heated with sodium hydroxide or hydrochloric acid (Her. 27, 344). 

Di-olefine 8-laotones have been obtained from coumaUnic acid and isodehij- 
dracetic acid by the splitting-ofi of carbon dioxide : 

Goumalin, CH=CH — CH=CH-COC), m.p. 5®, b.p. 120®/30 mm., has an 
odour like that of coumarin (Ann. 264, 293). ^ 

Mesitme lactone, pb'Dimethylcoumalin, OR^C=^01i — C(CH 3 ) =CH*COO, m.p. 
51*5°, b.p. 245°. "^^en heated with ammonia it changes to the corresponding 
lactam, so-called -pseudo-lutidostyril, mesitene lactam (below). 

DiaHylbutyrolactone, (CHg : CHCH 2 )CCH 2 CH 2 COO, b.p. 267°, is prepared 
from succinic ester, allyl iodide, and zinc (c/. the general method of formation 
of ferf.-a-hydroxy-aeid esters from oxalic ester, alkyl halides, and zinc, p. 411) 
(J. pr. Chem. [2] 71, 249). 

Ambrettolic acid, A^-o-hydroxyhexadecenoic acid, CieH 3302 » HO-[OH 2 ] 7 - 
CH : CH*[CH 2 ls*COOH, m.p. c. 25°, occurs in musk-kernel oil. Its lactone, 
amhrettolide, is one of the odoriferous principles of vegetable musk (Ber. 60, 902). 

Ricinoleic acid, CH 3 -[CH 2 ] 5 *CH(OH)-CH 2 *CH:CH [CH 2 ] 7 -COOH, has already 
been dealt with (p. 354). 


Nitro- and Amino-okfine Carboxylic Acids 

(x-Nitro-dimethylacrylic acid, (CH 3 ) 2 C : C(N02)C00H. Its ester, b.p. 121°/24 
mm,, is prepared by nitrating dimethylacrylic ester (p. 346) with fuming nitric 
acid. Alcoholic potassium hydroxide converts it into the potassium salt of an 
CH 

isomeric nitro-add ester, Qjg®>C'CH(N 02 )C 00 C 2 H 6 ; ammonia decomposes it 

into acetone and nitro-acetio ester (p. 433) ; reduction with aluminium amalgam 
produces : 

CL’Aminodimethylaerylic ester, (CH 8 ) 2 C : G(NH 2 )COOC 2 Hb, b.p. 94°/! 8 mm., 
is converted by hydrochloric acid into dimethyl pyxoracemic acid (p. 464). 

jS-Ajnino -acids and jS-Hydrazino Olefine Carboxylic Acids. 

This group contains the reaction-products of ammonia and the hydrazines on 
j8-ketone-acid esters such as aoetoacetic estersTand alkyl acetoacetic esters, such 
as ^-arninocrotxmio ester, CH 80 (NH 2 ) : CH-C 0 b 02 H 5 , and methyl pyrazolone, 
NH ^NH 

• j . These behave desmotropically, and because of their close 

CHaC : CH • CO 

connection to the )5-k6tone-aoid esters will be considered with them (p. 466). 

3- Diolefine Lactams, cn-Pyridom, Z^aminopentadienoic acid lactam, 

m.p. 106®, is obtained from the reaction-product of am- 
monia and eoumalic acid after the elimination of carbon dioxide (Ber. 18, 317). 

COv 

yN*C2H6, 

H=CB[' 


C -~C(0-C2H5)^ 

yN, 


b.p. 156°, which 


possesses an odour like that of pyridine (Ber. 24, 3144) (see Vol. III). 
■psendo-Luiidostyril, 3 : 5’Dimethyh2-pyridone, mesitene lactam, 

< H CO\ 

>NH, 

H^C(CH8)/ 

m.p. 180°, b.p. 305°, is formed when ammonia acts on mesitene lactone, and 
from the two monocarboxylic acids of this lactam by the elimination of CO» 
(Ann. 259, 168). - . . ^ ^ „ 



ALDEHYDE- AND KETO -ACIDS 

8. ALDEHYDE-ACIDS, CHOG^^HanOOOH 

These compounds show simultaneously the reactions of an alde- 
hyde and a carboxylic acid. Eormic acid, the first member of the 
saturated fatty acid series, also shows aldehydic properties, to which 
attention was drawn when the acid was previously discussed. The 
best known of the aldehyde acids is glyoxylic acid, CHO‘OOOH. 

Glyoxylic acid, glyoxalic acid [ethanal acid] (H 0 ) 2 *CH-C 02 H or 
HCO-COaH + HgO, was found by Debus (1856) among the products 
resulting from the oxidation of alcohol with nitric acid. It occurs 
in unripe gooseberries and other fruit, from which it disappears on 
the fruit ripening. Its formation and reactions are of significance in 
plant physiology (Ber. 25, 800 : 35, 2446 : 40, 4943). Just as chloral 
hydrate is to be considered as trichloroethylidene glycol, CCl 3 CH(OH) 2 , 
so crystallized glyoxylic acid can be regarded as the glycol correspond- 
ing with the aldehydo-acid, CHO-COaH. The salts are derived from 
the dihydroxyl formula of glyoxylic acid ; hence it may be designated 
dihydroxy-acetio acid. Like chloral hydrate, glyoxylic acid in many 
reactions behaves like a true aldehyde (Ber. 25, 3425). The esters of 
glyoxylic acid are derived from the aldehyde formula. 

Formation. — (1) Glyoxylic acid, accompanied by glyoxai (p. 398) 
and glycoUic acid (p. 414), is one of the oxidation products of alcohol, 
aldehyde and glycol. 

(2) It is produced from the dihalogen acetic acids by heating to 
230° with water (Ber. 25, 714), by heating the silver salts with water 
(Ber. 14, 578), or better, by the action of potassium acetate on 
^chloroacetic acid, whereby the diacetyl compound, (CH 3 ’C 0 * 0 ) 2 CH-- 
COOH, is formed and yields glyoxylic acid on heating with water 
(Ann. 311, 129). 

(3) From hydrazi-acetic acid (see p. 460). 

(4) By reduction of oxalic acid and its ester (c/. also Glycollic 
acid, p. 415). 

(а) Electrolytic reduction of oxalic acid in sulphuric acid and 
with mercxuy cathode gives an 87% yield of glyoxylic acid (Ber. 
37, 3187) : 

COOH-COOH + Ha = COOH-CH(OH)a. 

(б) A similar reduction of oxalic esters produces glyoxylic esters 
(Ber. 37, 3591). 

(c) Beduction of oxalic esters with sodium amalgam in alcohol 
produces the alcoholates of glyoxylic esters, together with keto- 
malonic esters, desoxalic esters, and racemic esters (Ber. 40, 4942). 
Properties . — It is a thick liquid, readily soluble in water, and 
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crystallizes in rhombic prisms by long standing over sulphuric acid. 
The crystals have the formula C 2 H 4 O 4 (see above). It distils un- 
decomposed with steam. 

Salts. — The salts contain water of crystallization which, on being dried, they 
give up with partial decomposition. The calcium salt, (C2H203)2Ca 4- SHgO, is 
sparingly soluble in water (Ann. 317, 147 : C. 1904, II. 1705). 

Esters : Ethyl ester, CHO-COOCaHs, b.p. 130°, an easily polymerized sub- 
stance, is produced by the electrolytic reduction of oxalic ester, and also from 
its alcoholate, C2H50CH(OH)C02C2H5, b.p. 137°, by the action of P2O5. This 
substance is prepai’ed by the reduction of the oxalic ester with sodium amal- 
gam (see above). Alcohol and hydrochloric acid produce di-etlmxyacetic ester, 
(C2H50)2CHC02C2Hg, b.p. 199°, which, on hydrolysis, yields di-ethoxyacetic 
acid. Glyoxylic ethyl ester develops bright colorations with ammonia and 
methylamine in presence of air (C. 1906, 1 . 1654 : Ber. 40 , 4953). Glyoxylic methyl 
ester, m.p. 53° (Ber. 37, 3591). Hydrazines, hydroxylamine, etc., give typical 
aldehyde derivatives with the esters (C. 1907, I. 401). 

Reactions. — Glyoxylic acid exhibits all the properties of an aldehyde. It re- 
duces ammoniacal silver solutions with formation of a mirror, and combines with 
primary alkali sulphites (p. 244), with phenylhydrazine (Ber. 17 , 577), with hydro- 
xylamine, thiophenol and hydrochloric acid (Ber. 25, 3426). When oxidized 
(silver oxide), it yields oxalic acid ; by reduction it forms glycollic acid and 
racemic acid, C02HCH(OH)-CH(OH)COOH. 

On boiling the acid with alkalis, glycollic and oxalic acids are produced 
(Ber. 13, 1931). This reaction is extramolecular, and completes itself by the 
intramolecular rearrangement of the first-formed glyoxal into glycollic acid ; 

COOH COOH COOH 

2| +H20=| +1 

CHO CHgOH COOH. 

Glyoxylic Glycollic Oxalic 

add. acid. acid. 

The formation of glycollic and tartaric acids also occurs when glyoxylic acid 
is carefully heated (C, 1904, II. 1705) ; they are also formed by the interaction of 
glyoxylic, hydrocyanic, and hydrochloric acids. Ammonia causes the elimination 
of CO2 and the formation of formyl glycocoU (p. 442), and ultimately glycocoll 
(Ber. 35 , 2438). For the change of glyoxylic acid by urea into allantoin, see 
p. 627. 

^-Aldo-carboxylic acids, HOC-CHR-COgH, and their esters ex- 
hibit reactions of aci-iorm compounds and behave as jS-hydroxy-J*- 
olefine carboxylic acids, HOCH : ORCO 2 H (p. 453), in which form 
they are most favourably constituted to yield esters. 

Formylacetic acid, p-aldopropionic acid, malonic acid semialdehyde, 
CHO’CHgCOOH or CH(OH) : CHCOgH, appears to be formed by the hydrolysis 
of its acetal, diethoxypropionic acid, (C2H50)2CHCH2C00H. This is obtained 
by oxidation of jS-hydroxypropionacetal (p. 390) (Ber. 33, 2760) ; ethyl ester, b.p. 
193° ; and also from orthoformic ester (p, 290), bromoacetic ester and zinc 
(J. pr. Chem. [2] 73 , 326) ; 

HC(OC2H5)3 4 BrZnCHaCOOOsHs = HC(0C2H5)2-CH2C02C2H5 4 CJBifiZnBv. 
It readily loses alcohol, forming the ester of P-ethoxyacrylic acid, CgHgOGH 
CHCOOH, m.p. 110°. This readily decomposes into COg and acetaldehyde, 
probably with the intermediate formation of formylacetic acid. 

Eormylacetic ester, hydroxymethyleneacetic ester, ^-hydroxyacrylic ester, (C2H3O)- 
CO2R, is obtained in the form of its sodium compound, NaOCH : CHCO2R, by 
the condensation of formic and acetic esters by means of sodium in benzene 
or ethereal solution : 

HCOOC2Hg 4 CHgCOOCgHg 4 Na -= JSTaOCH : CHCOOC2H5 4 HOCgHg. 

The free ester is easily condensed to formylglutaconic ester, HC(OH) t- 
C(C02R)CH : CH-COgR, and trimesic ester, CaH3(C02R)3. Concentrated sul- 
phuric acid produces ooumalic acid {q.vJ), Acetyl chloride and socUum formyl- 
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acetic ester form an acetate, CHgCO'OCH : CHCOaCgHg, b.p. 126°/46 mm. This 
takes up 2 atoms of bromine producing a dibromide, b.p. 154®/34 mm,, which 
indicates the structure of the acetate (Ber. 25, 1046). Nitrobenzoyl chloride 
produces two stereoisomeric nitrobenzoates (Ann. 316, 18). Cyanoacetaldehyde, 
hydroxymethyleneacetonitrile, HO-CH : CH*CN, is produced as a sodium salt 
from isoxazole and sodium ethoxide (p. 407). 

a-Formylpropionic acid, a-hydroxymothylenepropiomc add, OCHCH(CH 5 )- 
COgH orCH{OH) : C(CH3)C02H ; its acetal, (C2Hg0)3CH*CH(CH3)C02H, of which 
the ester is prepared from orthoformic ester and a-bromopropionic acid by means 
of zinc, easily breaks down into alcohol and ^‘ethoxymethacrylic acid, CgHgOCH 
C(CH 3 )COaH, m.p. 109°. This is formed from bromo-methacryUc acid and sodium 
ethoxide. It readily decomposes into COg, propionaldehyde and alcohol (Ber. 
39, 3549). oL‘FoTmylpropionic ester, HOCH ; C(CH3)C02C2H5, b.p. 161° ; acetate, 
b.p. 132°/48vmm. (Ann. 316, 333). 

y- and S-Aldo -carboxylic Acids. 

p-Formylpropionic acid, y-aidobutyric acid {semialdehyde of succinic acid), 
CHO’CHj'CHgCOgH, is produced from acetal malonic acid (C 2 H 50 ) 2 CH-CH 3 CH- 
(COgH) 2 » when the latter is heated with water to 190° ; or, better, by boiling 
aconic acid {q^v.) in water, when COg is given oS (Ber. 37, 1801). It forms 
crystals, soluble in water. When evaporated with sodium hydroxide solution, 
it yields a small quantity of terephthalic acid (Vol. II ) ; reduction converts it 
into butyrolactone. Its nitrile-acetal, CN'CH 2 *CH 2 CH(OEt)g, b.p. 106°/45 mm., 
is obtained from jS-ehloropropionacetal and KNC (Ber. 34, 1924). 

P-Formylisobutyric acid, CH0*CH2CH(CH3)C02H (C. 1899, I. 557). 

h-Aldovaleric acid, y-formylbutyric acid {semialdehyde of glutaric acid), CHO*- ' 
CHgCHgCHgCOOH, b.p. 240°, is prepared from ^-propionacetal malonic ester 
by hydrolysis and the loss of COg (Ber. 38, 2884) ; by boiling the ozonide of 
cycZopentene (Vol. II) with water, associated with glutaric diald^yde, b.p. 71°/10 
mm. (p. 400) and glutaric acid (Ber. 41, 1706). 

h-Formyl-y-methylvaleric acid, HOC*CH{CH 3 )CH 2 CH 2 COOH, b.p. 164°/12 
mm., is obtained by the oxidation of citronellal acetal (p. 255) with permanganate 
(Ber. 34, 1498). 

Unsaturated Aldehyde Acids. 

p-Formylacrylic acid {semioMdiyde of maleic acid), CHOCH : CHCOOH, 
m.p. 55°, b.p. 145°/10 mm., is produced by the oxidation of pyromucic acid 
(Vol. 11) by bromine and alkali. It is converted into succinic acid when heated 
with a solution of potassium cyanide (Ber. 38, 1272) ; 

icH : OH-OH : CCOjH CHO CH : CHCOjH HOsC-CHj-GHjCOOH. 

Pyromucic add. )3-Formylacrylic acid. Succinic acid. 

By the energetic action of chlorine and bromine on pyu’omucio acid, halogen 
derivatives of formylaerylic acid are produced — mucocfdoric acid, m,p. 125°, and 
mucobromic acid, m.p. 122°. 

Similarly to the y-keto -acids (p. 477), these acids can be looked on as being 
hydroxylactones, with which they are tautomeric (Monatsh, 25, 492) : 


^CH*CH(OH) xCH-GHO 

CH<f 1 T-^CH/^ 

\COO ^ \COOH 

Formyiaeryiio acid. 


\coo 


CH(OH) 


^CBr CHO 
\COOH 


Mucobromic acid. 


The esters of mucochloric and mucobromic acids, which, tuilike the acid, 
do not yield oximes, appear to be derived from the lactone formula ; there are, 
however, also esters which have been obtained from the normal aldehyde -acid. 


Nitrogen Derivatives of the Aldehyde-acids 

Dinitro-acetic ester, (N02)2CHC0202H6, is prepared from malonic ester and 
fuming nitric acid. It is a colourless liquid, which cannot be distilled without 
decomposition. It reacts strongly acid. 

Diamijwacetic acid, (NH 2 ) 2 CHCOOH, is unknown. A derivative, tetrannethyh 
diaminoacetic methyl ester, [(CHg)aN]2CHCOOCH3, b.p. 57°/12 mm., is obtained 
from diiodoacetic ester and dimethylamine, Dibromoacetio ester, by the same 
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reaction, yields hydroasy-dimethylami7i^<icet(Umethylamide, (CH 3 ) 2 NCH(OH)CON- 
( 0 H 3 ) 2 , b.p. 80712 mm. (Ber. 35. 1378). 

Diazoacetic acid, N^CH-COOH, is unstable in the free state, but its ethyl 
ester is the most important of the alijphatio diazo -compounds. Though they 
show some similarities to the aromatic diazo-compoimds, they must also be 
compared with the ketens, carbylamines, azides, etc. 

Two formulas have been considered for the aliphatic diazo-compounds. 

N\ 

Curtins, the discoverer, suggested the formula Ij yCH*COOEt for diazoacetic 

N/ 

ester. More recently an open chain formulahas been suggested, due to Angeli-Thiele, 
N : N : CH'COOEt. Staudinger has brought forward support for the open chain 
diazene formula (Helv. Chim. Acta. 5, 87) and the optical properties also furnish 
support {Lardyt J. Chim. phys. 21, 281) (c/. Diazo-compounds, p. 251). 

(1) The esters of the diazo -acids result when potassium nitrite acts on the 
hydrochlorides of the amino-fatty acid esters (p. 439) (Ourtius, Ber. 29, 759) : 

HC1*(H2N)CH2C02C2Hs + KNOa = Ng : + KCl -f 2 H 2 O. 

GlycocoU ester Diazoacetic ester, 

hydrochloride. 

The higher amino -esters, containing an asymmetric carbon atom, yield by 
this method optically active diazo derivatives. 

The di- and poly-peptide ester hydrochlorides, which contain the NHaCHgCO- 
group, behave with alkali nitrites in the same way as glycocoll ester hydrochloride : 
highly crystalline diazo-esters are formed, such as diazoacetylglycme ester ^ NgCH*- 
CONHCO 2 C 2 H 5 , m.p. 187°, as yellow crystals. The homologous a-amino-acids, 
such as alanine, leucine, also yield diazo-esters, if somewhat less readily ; but 

and y-amino-esters give hydroxy-esters instead of diazo-compounds (Ber. 
37, 1263). 

(2) The sodium salts of the diazo-acids are prepared by reduction of the iso- 
nitramine fatty acids (p. 451) by means of sodium amalgam (Ber. 29, 667) ; 

HOaNaOHaCOaNa + 2 H = 2H2O + Ng : CH-COaNa. 

The diazoacetic esters are very volatile, yellow-coloured liquids, with a peculiar 
odour. They distil undecomposed with steam, or under reduced pressure. They 
are slightly soluble in water, but mix readily with alcohol and ether. Like aceto- 
acetic ester, they are feeble acids in which the hydrogen of their CHNa-group 
can be replaced by alkali metals by means of anhydrous alcoholates. Isomeriza- 

HNv 

tion occurs, and there are formed salts of iaodiazoacetic ester t | ^C‘C 02 K, 

which can be obtained as an imstable oil by careful precipitation. It can be 
differentiated from the true diazoacetic ester by the fact that warm acids do not 
liberate from it (p. 459), but decompose it into hydrazine and oxalic acid 
(Ber. 34, 2506). 

Aqueous alkalis gradually hydrolyse and dissolve diazoacetic ester, forming 
salts, CHN 2 *C 02 M, which are decomposed by acids, evolving nitrogen. 

Sodium diazoacetatCy yellow in colour, dissolves with extreme ease in yrater. 
The reaction of its solution is alkaline (Ber. 34, 2521). 

^ Mhyl diazoacetatSy N 2 CHCO 2 C 2 H 5 , m.p. — 24°, b.p. 143°, Bgg == 1’073, explodes 
with violence when brought into contact with concentrated sulphuric acid. A 
blow does not have this effect. At temperatures near its boiling point it decom- 
poses into nitrogen and fumaric ester. Its mercury derivative, Hg(CN 2 *C 02 ’C 2 H 5 ) 2 , 
m.p. 104°, with formation of froth, results when yellow mercuric oxide acts on 
weU-cooled diazoacetic ester. It separates from ether in transparent, sulphur- 
yellow, rhombic crystals. Concentrated ammonia converts the ester, like all 
other esters, into an amide, diazoacetamide, N 2 CHCONH 2 , m.p. 114° with decom- 
position. When diazoacetic ester is reduced it breaks down into ammonia and 
glycocoll. pseudo- and Bis-diazoacetamide (see below). Diazoacetonitrile, NgCH*- 
COCN, b.p. 46°/14 mm., is prepared from amino-acetonitrile hydrochloride (p. 
441) and sodium nitrite (Ber. 31, 2489). It is an orange-yellow, very mobile 
liquid, possessing a pleasant odour resembling acetonitrUe, but which irritates 
the mucous membranes. 

Higher diazo -fatty esters, see J,A.C.S., 44, 1798. 
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The diazo-esters are very reactive compounds, either by the ready replace- 
ment of their two nitrogen atoms by two monovalent radicals, or by their ability 
to form new heterocychc rings without loss of nitrogen by addition reactions or 
isomerization. A resume of the reactions of the diazo -compounds is given by 
Staudinger (Helv. Chim. Acta, 5, 87). 

Reactions. — (1) The diazo-esters are converted on heating with water or 
dilute acids into esters of the hydroxy acids : 

NaCH-COOEt H^O HO CHa COOEt + Ng. 

This reaction serves for the quantitative determination of the nitrogen in diazo- 
compounds. 

(2) Alkoxy-fatty acid esters are produced on boiling with alcohols ; a small 
quantity of aldehyde is produced at the same time : 

NaCHCOaCaHg -h CaHsOH = CH2(OCaHs)COaC2H5 -f Na ; 

Ethyl ethoxyacetate. 

(3) Acid derivatives of the glycollic esters are obtained on heating the diazo - 
compounds with organic acids : 

NaCHCOaCaHs -f C2H3OOH = CH2(0CaH30)C02H5 Ng. 

Acetic acid. Aceto-glycolUc ester. 

(4) The halogen acids act, even in the cold, on the diazo-cornpounds. Tlie 
products are halogen-fatty esters : 

N2CHCO2C2H5 4- HCl - CHaClCOaCaHg + Ng. 

(5) The halogens produce esters of dihaloid fatty acids : 

NCHaCOaCaHg 4* I2 = CHIaCOaCaH^ 4- ^a- 
Di-iodo-acetie ester. 

Diazoacetamide is changed, in a similar manner, to di-iodo-acetamide, 
CHIg'CO'NHa. By titration with iodine it is possible to employ this reaction 
for the quantitative estimation of diazo-fatty compounds (Ber. 18, 1285). 

(6) The esters of anilino-fatty acids, CgH^NH-CHaCOaR, result from the 
reaction of the anilines with diazo-esters. 

(7) The esters of the diazo-fatty acids umte with aldehydes to form esters of 
the jS-ketonic acids, e.g, benzoyl acetic ester, CeHsCO-CHgCOaCaHs, trichloroaoeto- 
acetic ester, CClsCOCHaCOaR (c/. p. 477) (Ber. 18, 2379 ; 40, 3000). 

(8) Acid chlorides react with diazo-esters to form C-alkyl derivatives (Ber. 
49, 1978) : 

R-CO-01 + CH{N2)-COOEt > R-CO-C{N2)'COOEt -f HCl. 

(9) Diazoacetic ester forms well-crystallizable addition products with im- 
saturated acid esters, such as acrylic, cinnamic, fumaric esters. Pyrazoline- 
carboxylic esters (Vol. Ill) are thus formed, which, on heating, lose nitrogen and 
are converted into glutaric esters ; 

COaR-CH CHa COgRC CHa COaR-CH—CHa 

/\ + 11 > 11 I > I 

N=N CHCOaR H-NHCHCOaR CHCOaR. 

Diazoacetic Acrylic Pyrazoline Glutaric ester. 

acid. acid. dicarboxyllc ester. 

(10) Diazoacetic ester also reacts with benzene and its homologues, when 
heated with them, with loss of nitrogen and formation of dicyclio bodies, such 
as benzotrimethylene or norcaradiene carboxyMc esters (Vol. II) (Ber. 29, 108 : 
32, 701 : Ann. 358, 1) : 


CH=CH— OH 
I ii ' 

CH=CH— CH 
Benzene. 


+ NaCHCOaR 


CH^CH— CHv 

1 I >CHCOaR 4 Na- 

CH=CH— OH/ 

psei^iioPiienylacetic ester. 


(11) Diazoacetamide is converted into triazolone when heated with barium 
hydroxide solution (Vol. Ill) ; 

Nv N NH 

11 >CH-CONHa > }1 1 

N/ N— CHa—CO 



460 


ORGANIC CHEMISTEY 


Diazoacetylglycinamide (see above) similarly yields triazoloneacetamide (Ber. 
39, 4140). 

(12) Hydrazine and diazoacetio ester or diazoacetamide form the hydrazide 
of azidoacetic acid^ NsCHgCOaH, of which the ethyl ester ^ b.p. 75®/21 mm., is 
prepared also from iodoacetic ester and silver azide or chloroacetic ester and 
sodium azide. It is a colourless oil. Boiling alkalis decompose the acid into 
ammonia, nitrogen and oxalic acid (Ber. 41, 344 : C. 1908, I. 938) : 

NaCH COaCaHs -f 2NH2NHa 5^ NHg -f NaCHaCONHNHa + CaHjOH 


ICHaCOaR + NsAg NaCHaCOaR + Na + (COOH)2 + ROH. 

(13) With concentrated potassium hydroxide or liquid ammonia, in the cold, 
are obtained salts of the bimolecular so-called pset^dodiazoacetic acid, i.e. 1 : 6- 
dihydro-1 : 2 : 4 ; 5-tetrazine-3 i 6-dicarboxylic acid, whereas with heat the same 
reagents yield the salts of bisdiazoacetic acid, i.e. the 1 : 2-dihydrotetrazine deriva- 
tive (Ber. 41, 3161); 

N— NH 

Cold 

KO-OC*CH ^CH-COOK 
JSTsN^ 

Potassium ps^udfodiazoacetatc. 


> KO OC— c/ Nch-cook 

\n=n/ 


Heat 


/NH— NH' 
KOOC— C< 


> 


COOK 


Potassium bisdiazoacetate. 

Breakdown of these compounds, with formation of tetrazines and triazoles, see 
Curtins, Ber. 41, 3161. 

(14) On reduction of diazoaeetic ester followed by hydrolysis of the primary 
product, Curtius obtained hydrazine, He regarded the intermediate 

NHv 

compound as hydraziacetic ester, | ^CH'COOEt, but Staudinger (Helv. Chim. 

NH/ 

Acta, 4, 228) has shown that the compound obtained by careful reduction, 
catalytically or by means of ammonium sulphide, of diazoaeetic ester is the 
hydrajsone of glyoxylic ester, which can be hydrolysed to glyoxylic acid and 
hydrazine by acids. This lends some support to the open chain formula for 
the diazo-compounds : 

CH(N2) OOOEt NHj-N : CH^OOOEt NHg-NHg -f- CHO-COOH EtOH. 


(15) Phosphines, in particular triphenylphosphine unite with 

aliphatic diazo-compounds with formation of phosphazines (Helv. Chim. Acta. 

(C8H5)8P + N ; N : CH-COOEt (C6H5)3P : N-H ; CH-COOEt. 

(16) Grignard reagents also add on readily, with formation of substituted 
hydrazones (Monatsh. 34, 1609) ; 

R'MgBr + CH(Ha)*COOEt->BrMg-NR-N : CH COOEt->>]SfHR-N : CH-COOEt. 


Oximes and Hydrazoms of the Aldocarboxylic Acids 

Oximimacetic acid, isomtrosoacetic acid, glyoxylic oxime, HON ; CH-COOH, 
in.p, 143® (decomp.), is prepared from glyoxylic acid and hydroxylamine ; from 
dichloro- or dibromoacetic acid, hydroxylamine and potassium hydroxide solu- 
tion ; and from the hydrolysis of its ester. It forms colourless needles. Mhyl 
ester, m.p. 35®, b.p. 111®/12 mm., consists of deliquescent crystals ; methyl ester, 
m.p. 55®, b.p. 100®/15 mm. ; isobutyl ester, b.p* 118°/10 mm., can be prepared 
from acetoacetic ester by decomposition with nitrosyl sulphuric acid. Treat- 
ment with acetic anhydride converts isonitrosoacetic ester into cyanoformic 
ester, NC-COgR ; N2O4, produces isonitrosonitroacetic ester, HON0(NO2)CO2R, 
and an oily substance, probably a peroxide [of dioximinosuccinie aster ; 
0N=CC02R ^ 
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^-Oximinopropionic acid, HON : CHCHgCOOH, m.p. 117® with decomposition, 
is prepared from coumalio acid and hydroxylamine (comp. p. 616) (Ann. 264, 
286 : Ber. 25, 1904). 

Glyoxylic acid pkenylhydmzone, CgHgNHN : CHCOgH, m.p, 137® (decomp.), 
is decomposed by nitrous acid into COg and phenyl azoforraaldoxime, CeHgN 
NCH : NOH (J. pr. Chem. [2] 71, 366) ; ethyl ester, m.p. 131®, can be distilled 
under reduced pressure (C. 1907, I. 401). 

Hydrazones of p-aldocarboxylic adds, such as of formylacetic acids, and their 
esters very easily part, intramolecularly, with water or alcohol, forming lactam- 
like bodies, known as pyrazolones (Vol. III). In order to indicate the lactam 
character of such substances, when the lactam -nitrogen is joined to a second 
nitrogen atom in the ring, they have been named lactazains : 

CH^OH CH— NH— NH CH=N~NH 

11 + NH,-NH, ^ 11 1 or j i 

CHCOaR CH CO CH^ CO 

aci-Formyl- Pyrazolone, 

acetic acid. 

j5-Ketocarboxylic acids (p. 466) also easily form y-iactazams (pjrrazolones). 

Hydrazones of the y- and Z-aldocarhoocylic a^cids. 

^-Formylpropionic acid ester phenylhydrazone is a non-crystallizable oil ; 
phenylhydrazide, CeHgNHN : CHCHgCHjCONHNHCeHg, m.p. 182®, is prepared 
from aconic acid {g.v,) and excess of phenylhydrazine. When warmed with 
sulphuric acid it yields indole-j5-acetie acid (Ann, 339, 373). Similarly, formyl- 
butyric acid phenylhydrazone, CgHgNHN : CHCH 2 CH 2 CH 2 COOH, yields indole- 
j3-propionic acid, which is also formed from tryptopheine by putrefaction (Ber, 38, 
2884). 

Mucobromic acid (p. 457) and hydrazines form hydrazone anhydrides or S- 
lactazams (Pyridazones, Vol. Ill) ; with hydroxylamine it gives an oxime 
anhydride (lactazone or orthoxazone, Vol III) (Ber. 32, 634) : 

CBr— CH=N 

11 1 

CBr—CO— 0 
Dibromo-orthoxazone, 
m.p. 1*25®. 


CBr-~CH=N 

CBr— CO -in 
Dlbromopyridazone, 
m.p. 224®. 


9, KETONE CARBOXYLIC ACIDS 


These contain both the groups CO and COgH ; they, therefore, 
show acid and ketone characters with all the specific properties peculiar 
to both. In conformity with the scheme of nomenclature employed 
for the mono-substituted fatty acids and the various diketones (pp. 
401-405), we distinguish the groups a-, )3-, y-, 5-, etc., among the 
ketocarboxylic acids : 

The a-, y-, and <5-, etc., acids are fairly stable in a free condition, 
whilst the /S-acids are stable only in the form of esters, the free acids 
decomposing readily. 


Nomenclature . — ^The ketonic acids are usually designated either as acyl 
derivatives of the fatty acids or as keto-substitution products of the fatty acids 
or oxofatty acids : 


CHa-CO-COgH 
Acetylfonnic acid. 
a-Ketopropionic acid. 
(a-Oxopropionic acid). 


CHa-COCHgCOgH 
Acetoacetic acid. 
^-Ketobutyric acid. 
(jS-Oxobutyxic acid). 


CHs’CO-CHgOHaCOgH 
^'Acetylpropionic acki, 
■y-Ketovaleric acid. 
(y-Oxovaleric acid). 


The “Geneva names’^* are formed by the addition of the word ‘"'acid’" to the 
names of the ketones, as the ketonic acids may be considered as being the 
oxidation products of the latter. 


CH 3 COCO 2 H CHaCOCHaCOgH CHsGOCHaCHjCOgH. 
(Propanone acid]. 12‘ButanoBe acid]. [S-Pentaaone acid}. 
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Formation. — ^The more stable a-, y-, and <5"ketonic acids can be 
prepared by the oxidation of the secondary alcohol acids corresponding 
with them. Other methods will be given under the individual classes 
of these acids. 

Reactions. — ^The ketone nature of these acids is shown by numer- 
ous reactions, e.g. nascent hydrogen converts the ketonic acids into 
the corresponding alcohol acids. They unite with alkali hydrogen 
sulphites, with hydroxylamine, and with phenylhydrazine. 

A. SATURATED KETONE CARBOXYLIC ACIDS 

L a-Ketonic Acids. — ^R-CO'COaH 

In this class the ketone group CO is in direct union with the acid- 
forming carboxyl group, COgH. We can look upon them as being 
compounds of acid radicals with carboxyl, or as derivatives of formic 
acid, HCO*OH, in which the hydrogen linked to carbon is replaced 
by an acid radical. .This view indicates, too, the general sjmthetic 
method of formation of these acids from (1) the cyanides of acid 
radicals (p. 464), which, by the action of concentrated hydrochloric 
acid, are changed to the corresponding ketonic acids : 

CHs*CO-C3Sr + + HCI = CHa-CO-COaH + NH 4 CI. 

(2) A second general method of formation of a-ketonic acids and 
their esters consists in converting a-alkyl acetoacetic esters into the 
a-oximino-fatty acids (p. 465) and decomposing these with excess of 
nitrosyl sulphuric acid (C. 1904, II. 1706) : 

HNO, 

HON ; CRCOOCaHg 0 : CRCOOC 2 H 5 + N^O + 

Pyroracemic acid, pyruvic acid, [propanone acid], CHs'CO-COaH, 
m.p. + 3®, b.p. 165-170V760 mm. (decomp.), b.p, 61°/12 mm., 
was first obtained in the distillation of tartaric acid, racemic acid 
{Berzelius, 1835) and glyceric acid. (1) The acid is made by the dis- 
tillation of tartaric acid alone (Ann. 172, 142) or with potassium 
hydrogen sulphate (Ber. 14, 321). We may assume that in this 
decomposition the first product is hydroxymaleic acid, which is con- 
verted into oxalacetic acid, which then gives up CO 2 to form p 3 npo- 
racemic acid : 

CHOHCO 2 H COHUO^H COCOgH COCO-H 

i > 1! 1 >• 1 

CHOHCO 2 H CH-COaH CHaCOgH CHs 

Tartaric acid. Hydroxymaleic Oxalacetic Pyroracemic 

acid. acid. acid. 

It is obtained from (2) a-dichloropropionic acid (p. 336), when heated 
with water ; (3) in the oxidation of a-hydroxypropionic acid or ordinary 
lactic acid with potassium permanganate ; (4) by the decomposition 
of oxalacetic ester ; (5) from acetyl cyanide by the action of concen- 
trated hydrochloric acid (p. 464) ; (6) by the oxidation of citraconic 
and mesaconio acid by IMnO^. 

(7) It may be obtained in 90% yield by the oxidation of methyl- 
glyoxal, CHa-CO^CHO, with bromine water (Biochem. Z. 166, 442). 

Pyroracemic acid is a Hctnid, soluble in alcohol, water and ether, 
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and has an odour quite similar to that of acetic acid. On boiling at 
atmospheric pressure it decomposes partially into CO 2 and pyrotartaric 
acid (q.v,). This change is more readily eifected if the acid be heated 
to 100 with hydrochloric acid. 

Pyruvic acid is the most important intermediate in the alcoholic 
fermentation of the hexoses. It is readily fermented by yeast {see 
p. 141). It is also of importance in the animal organism, both in 
the breakdown of complex substances, and in synthetic processes. 
(See Siigars, Proteins, Amino-acids : also Ann. 436, 229 : C. 1925, 
II. 728: Ber. 57, 1436 : J. Biol. Chem. 25, 571.) 

Reactions , — ^Pyruvic acid reduces ammoniacal silver solutions with 
formation of a silver mirror, the acid being converted into acetic acid 
and carbon dioxide. It is quantitatively decomposed into these sub- 
stances by hydrogen peroxide (C. 1904, II. 194). When heated with 
dilute sulphuric acid to 150° it splits up into CO 2 and aldehyde, 
CH3*C0H. This ready separation of aldehyde accounts for the ease 
with which pyroracemic acid enters into various condensations, e.g. 
the formation of crotonic acid by the action of acetic anhydride (p. 
344) (Ber. 18, 987 : 19, 1089), and the condensations with dimethyl^ 
aniline and phenols in the presence of ZnClg. The acid condenses 
with the benzene hydrocarbons, in the presence of sulphuric acid, 
without decomposition (Ber. 14, 1595 : 16, 2072). It condenses with 
acetone to form acetonedipyruvic acid (q^v,), A sensitive reaction 
for the detection of pyruvic acid depends upon its capacity to form 
substituted naphthocinchonic acids when condensed with ^S-naphthyl- 
amine and aldehydes (see Z. angew. Chem. 39, 951). 

Pyruvic acid forms crystalline compounds with the alkali hydrogen 
sulphites, in which it resembles the ketones. Nascent hydrogen (Zn 
and HCl, or HI) changes it to ordinary a-lactic acid, CH30H(0H)C02H, 
and dimethyl racemic acid (cf. Glyoxyhc acid, p. 455). HgS passed 
through pyroracemic acid produces tkiodilactic acid, S[C(CH3)(OH)- 
COOHja, m.p. 94°, which is easily decomposed into its components 
(C. 1903, I. 16). Mercaptans, e.g, phenylmercaptan, combine with 
pyroracemic acid to form CH3C(OH)(SC6H5)C02H (Ber. 28, 263). 
Pyroracemic ester, mercaptan and hydrochloric acid react together 
to form the mercaptole, CH3-C(SC2H5)2C02C2H5, which on oxidation 
passes into the szdphone, GE^C{S020i^5)zCOj0^s, m.p. 61° (Ber. 32, 
2804). 

It reacts with phenyihydrazine and hydroxylamine to fonn a 
phenylhydrazone and an oxime (p. 465). The reaction with ammonia 
is described on p. 465. Hydrocyanic acid combines with p37ruvio 
acid to form hydroxyisosuccinic acid seminitrile. 

The change of pyroracemic acid on boiling with barirnn hydroxide solution 
into uvitie acid, C6H3[1,3,5](CH3)(C02H)2 (Vol.II),and uvic acid or pyxotritario 
acid (Vol. II), is noteworthy. The first step is the separation of oxalic acid 
with the formation of methyl dihydrotrimesic acid ; then, CO 2 is given off and 
dihydrouvitic acid results ; finally, oxidation produces uvitie acid (Ann. 305, 
126). These intermediate compounds can be avoided by condensing pyroracemic 
acid with acetaldehyde, a reaction which is of general application. For the 
condensation of pyroracemic acid with formaldehyde, see tetramethylene dioxalic 
acid (Vol. II), 

On standing, a slow aldol-like condensation takes place, which can be accete- 
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rated by the presence of hydrochloric acid, whereby two molecules of pyroracemic 

C00H-C(CH3)— -O 

acid unite to form a-ketovalerolactone-y-carboxylic acid, 1 j 

CHg-CO-CO 

Heated with hydrochloric acid this substance gives up COg, and pyrotar- 
taric acid is formed (see also C. 1904, II. 1463). The salts of pyroracemic acid 
are caused to undergo polymerization by the action of alkalis to salts of para* 
pyroracemic acid and meto-pyroraeemic acid (Ann. 317, 1 : 319, 121 : C. 1901, 
II. 1262 : 1903, I. 16). 

Pyroracemic ethyl ester ^ b.p. 146°; acetal, CHsC(0C2B^5)2‘C02C2Hs, b.p. 190° 
(see also a-ethoxy acrylic ester, p. 452). 

Halogen Substitution Products of Pyroracemic Acid. — TricUoro- 
pyroracemic acid, CCla-CO-COaH + HgO = CCl3;C(OH)2COOH, m.p. 102°, is 
produced (1) when KCIO3 and HCl act on gallic acid and salicylic acid ; (2) by the 
action of chlorine water on chlorofumaric acid (Ber. 26, 656) ; (3) from trichloro- 
acetyl cyanide. 

Substitution products result by heating the acid with bromine and water to 
100°. Dihromopyruvic acid, CBr2HC(0H)aC02H + HgO, m.p. 89° (anhydrous). 
Trihromopyruvic acid, CBr3C(0H)a*C02H + H2O, m.p. 90° (anhydrous). Heated 
with water or ammonia it breaks up into bromoform, CHBrs, and oxalic acid. 

Homologues of Pyroracemic Acid. 

Propionyljormic acid, CH3CH2CO-COOH, b.p. 74-78°/25 mm., is also obtained 
by the transformation of vinylgly collie acid (p. 452) ; ethyl ester, b.p. 162° (C. 
1904, II. 1706). Butyrylformic acid, CH3CH2CH2C0*CO2H, b.p. 115°/83 mm.; 
ethyl ester, b.p. 72-77°/10 mm., is produced from a-oximinovaleric ester (mode of 
formation No. 2, p. 462). Dimethylpyroracemic acid, (CH3)2CHCO*COOH, m.p. 
31°, b.p. 66°/10 mm., is produced by the cleaving action of hydrochloric acid on 
aminodimethylacrylio acid (p. 454) (C. 1902, 1. 251). Trimethylpyroracemic acid, 
(CH3)3C*CO‘COOH, m.p. 90°, b.p. 185°, results when pinacolin is oxidized with 
KMn04 (Ber. 23, R. 21 : C. 1898, I. 202), isoButylpyroracemic acid, (^5)2* 
CHCH2*CH2C0*C00H, m.p. 22°, is obtained from isobutylcitraconic acid and 
iaobutylmesaeomc acid (Ann. 305, 60) ; ethyl ester, b.p. 74°/ll mm., is prepared 
from a-oximinoisocaproic ester (C. 1904, II. 1737 : 1906, II. 1824). 

Nitrogen Derivatives of the oc-Ketonic Acids 

(1) Acyl cyanides, a-ketone nitriles result on heating acid chlorides or 
bromides with silver cyanide : 

CgHgO-Cl + AgNC = CgHgO-CN + AgCl ; 

and when the aldoximes of the a-aldehyde ketones are treated with dehydrating 
agents, such as acetic anhydride (p. 406) (Ber. 20, 2196) : 

CHs-CO CH : NOH = CHa-CO-CN + HgO. 

The acid cyanides are not very stable, and, unlike the alkyl cyanides, are con- 
verted by water or alkalis into the fatty acid and hydrogen cyanide, 

CHsCO'CN + H2O = CH3COOH + HNC. 

With concentrated hydrochloric’ acid, on the contrary, they undergo a transposi- 
tion similar to that of the alkyl cyanides (p. 324), in which water is absorbed, 
and the amides of the oL^ketonic acids are intermediate products (Claisen) : 

CHaCOCN CHjCOCONHj CH 3 COCOOH + NH,C1. 

HCl 

Acetyl cyanide, pyruvic nitrile, CH3CO*CN, b.p. 93°. When preserved for 
some time, or by the action of K.OH or sodium, it is transformed into diacetyl 
cyanide, CeHeOgNj, m.p. 69°, b.p. 208°, which can also be prepared from acetic 
amhydride, potassium cyanide and hydrochloric acid in ether at 0°, Hydrolysis 
converts it into methyl tartronic acid, probably according to the following 
scheme (Monatsh- 15, 773) : 

CH3\ yOH 

4- HO-COCHj 

HOCO/ \C00H 

Diacetyl cyanide. Methyl tartronic acid. 


CHaV yOCOCHs 


NC/ \CN 
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Propionyl cyanide, CHgCHgCOCN, b.p. 108-110'^. Dipropionyl cyanide, 
(C 3 HsOCN) 2 , m.p. 59°, and b.p. 200-210°, behaves like diacetyl cyanide (Ber. 
26, R. 372). 

Butyryl cyanide, C 3 H 7 COCN, b.p. 133-137°, and isobutyryl cyanide, C 3 H 7 COCN, 
b.p. 118-120°, polymerize readily to dicyanides, which pass into alkyl tartronic 
acids on treatment with hydrochloric acid. 

Pyroracemic amide, CHaCO-CONHg, m.p. 124°; propionyljorrmmide, GgHs- 
CO-CONHg, m.p. 116°, are produced from a-ketone nitriles and concentrated 
hydrochloric acid (Ber. 13, 2121). 

Pyruvyl ethyl imidochloi'ide, CH3COCCI : NCgHg, is a yellowish oil produced 
by the union of acetyl chloride with ethyl isocyanide (Aim. 289, 298). 

Pyruvyl hydroximic chloride, cMoroisonitrosoacetone, CH 3 COC(NOH)Cl, m.p. 
105°, is formed by the action of nitric acid on ohloroacetone ; or by tlie action 
of chlorine on isonitrosoacetone ; or by the action of hydrochloric acid on acetyl 
methyl nitrolic acid, CH 3 *C 0 ‘C(=N 0 H)N 02 — the product resulting from the 
action of nitric acid on acetone (Ann. 309, 241). The oxime, CHa’C : NOH*- 
C(: N0H)0-]S[0, m.p. 97° (decomp.). 

(2) Behaviour of Ammonia and Aniline with Pyroracemic Acid, — The am- 
monium salt, like the other alkali salts, undergoes condensation in neutral or 
alkaline solution. At first an amino-ketone dicarboxylic acid is formed, which 
loses formic acid and passes into uvitonic acid, a picoline dicarboxylic acid (C. 
1904, II. 192) : 

CH 3 C(C 00 H)NH 2 COCO 2 H CH 3 C ^]5^==C-C00H 

2CH3COCOaNH4— -> j + I ^ II . I 

CH 2 CO(COaH) CH 3 CH*0(COOH) : CH 

Aniline and pyroracemic acid produce pyritvic acid anil, OgH^N : C(CH 3 )COOH- 
m.p. 126° (decomp.), which undergoes a similar condensation with a further 
molecule of pyroracemic acid to form oc-methyl cinchonic acid, aniluvitonic 
acid (Vol. III). 

In acid solution one molecule of NH 3 and two of pyroracemic acid unite to 
form iminodilactic acid (c/. Thiodilactic acid, p. 430), with the probable formation 
of intermediate compounds. On losing COg it forms AT'-acetylalanine (C. 1904, 
II. 193) : 

- COa 

CH3C{C00H){0H)NHC(0H)(CHs)C00H >■ CHjC0NH-CH{CH3)C02H. 

— HjO 

(3) a-Oximino-fatty acids or oximes of the a-hetone acids are formed (a) by 

the action of NH 2 OH on a-ketone acids ; ( 6 ) by the interaction of mono -alkyl 
acetoacetie acids and nitrous acid, alkyl nitrites, nitrosyl sulphuric acid or 
nitrosyi chloride (Ber. 11, 693 15, 1527 : C. 1904, II. 1457, 1706) : 

CH 3 C 0 CH(CH 8 )C 02 R -j- HO 3 SONO CH 3 CO 2 SO 3 H + HON : C{CH 8 )GOaR. 

Further action of nitrous acid converts the a-oximino-esters into a-ketone esters 
(p. 462). Acetic anliydrido causes the splitting ofi of water and CO 2 with forma- 
tion of acid nitriles. 

a-Oximinopropionic acid, isonitrosopropiofiic acid, CHsC( :NOH)*G 02 H, 
decomposes at 177° ; methyl ester, m.p. 69°, b.p. 123°/14 mm. ; ethyl ester, CHgC — 
(N 0 H)C 02 C 2 H 5 , m.p. 94°, b.p. 238° (Ber. 27, R. 470) ; amide, CH 3 *C( : NOH)- 
CONH 2 , m.p. 174° (Ber. 28, R. 766 ; C. 1904, II. 1457). a-Oximinobutyric 
acid, CH 3 -CH 2 C(=N 0 H)C 02 H. a-Oximidovalerianic acid, and a number of 
other homologues and their esters have also been prepared, a-Oximido-dibromo- 
pyroraeemic acid has been obtained in two modifications (Ber. 25, 904). 

(4) Pyruvic ester hydrazone, NHj’N : CMe-GOOEt, m.p. 116° (J. pr. Chem. [2] 
44 , 554 : Helv. Chim. Acta. 4 , 231) results from pyroracemic acid and hydrazine. 
Mercuric oxide converts its methyl ester into a-diazopropionic methyl ester. 

(5) a-Diazopropiomc ester, CH 3 *G(N 2 )‘C 02 Et, b.p. 65-68°/41 mm., is obtained 
from the hydrochloride of alanine ethyl ester by the action of EINO 2 . It is a 
yellow oil, which is partially decomposed, by distillation at ordinary pressure, into 
dimethyl fumarie ethyl ester, cL-Diazobutyric ester, b.p. 63-65°/! 1 mm., and 
OL-diazoi&ocaproic ester, b.p. 70-73°/12 mm., both resemble diazoacetic ester (p. 
458) in their behaviour, but are more easily decomposed, and are therefore more 
di£ 6 cult to obtain pure (Ber^ 37, 1261). 
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(6) Pyroracemic acid, phenylhydrazone, CH3C(=NNHC6H5)C02H, m.p. about 
192° (decomp.), is not only formed by the action of phenylhydrazine on pyroracemic 
acid (Ber. 21 , 984), but also by hydrolysis of the reaction-product from diazo- 
benzene chloride and methyl acetoacetic ester (Ber. 20 , 2942, 3398 ; 21 , 16 : 
Ann. 278 , 285: C. 1901, H. 212). 

Pyroracemic ethyl ester yields two isomers with phenylhydrazine, which are 
separable by clWoroform : phenylhydrazones, m.p. 32° and 119° (C. 1900, 11. 1150). 

(7) Semicarhazones of the a-ketonic acids, NHgCO-NHN : CIICO 2 H, and 
their esters, see C. 1904, II. 1706, etc. 

II. jS-Ketonic Acids 

In the ^-ketonic acids the ketone oxygen atom is attached to the 
second carbon atom, counting from the carboxyl group. These com- 
pounds are very unstable either in the free state or as salts. Heat 
decomposes them into carbon dioxide and ketones. The CO and 
COgH groups are attached to the same carboii atom, and, in this 
respect, the compounds resemble malonic acid and its mono- and di- 
substitution products (see later), in which two carboxylic groups are 
attached to the same carbon atom ; these also give off CO 2 when 
heated. Their esters, on the other hand, are stable, can be distilled 
without decomposition, and serve for innumerable syntheses. 

Acetoacetic acid, acetonecarboxylic acid, ^-ketobntyric acid [3- 
butanone acid], CH 3 -C 0 ’CH 2 -C 02 H. To obtain the acid, the esters 
are hydrolysed in the cold by dilute potassium hydroxide solution 
(the rate of hydrolysis is independent of the concentration ; Ber. 32, 
3390 : 33, 1140) ; the acid is liberated with sulphuric acid, and the 
solution shaken with ether (Ber. 15, 1781 : 16, 830). Concentrated 
over sulphuric acid, acetoacetic acid is a thick liquid, strongly acid, 
and miscible with water. When heated, it yields carbon dioxide and 
acetone : 

CH 3 CO CH 2 CO 2 H = CHjCO-CHg H- CO 2 . 

Nitrous acid converts it at once into CO 2 and ^sonitrosoacetone 
(p. 407). Its salts are not very stable ; it is difficult to obtain them 
pure, since they undergo changes similar to those of the acid. Ferric 
chloride imparts to them, and also to the esters, a violet-red colora- 
tion. The sodium salt is found in urine in certain pathological con- 
ditions, particularly in diabetic coma. 

The homologous ^-Ketone acids can also be prepared by the hydro- 
lysis of their esters with hot concentrated sulphuric acid : the result- 
ing liquid may contain the sulphates of the enol forms : RC(OS 03 H)- 
CHCO 2 H. The free acids, like acetoacetic acid itself, easily decompose 
into CO 2 and ketones (C. 1904, II. 1707). 

The stable acetoacetic esters, CH 3 C 0 -CH 2 C 02 R, are produced 
as sodium derivatives by the action of metallic sodium on acetic 
esters. 

The free esters result upon treating their sodium compounds with 
acids, and are obtained pure by distillation. 

The acetoacetic esters are liquids, which dissolve with difficulty 
in water, and possess an ethereal odour. They can be distilled without 
decomposition. 

The esters of acetoacetic acid, contrary to expectation, possess an 
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acid-like character. They dissolve in alkalis, forming salt-like com- 
pounds in which a hydrogen atom is replaced by metals. 

History , — Geuther in 1863 investigated the action of sodium on acetic ester. 
According to the theory at that time current, acetic acid should contain two 
hydrogen atoms replaceable by metals, the one easily replaced, the other with 
difficulty. Geuther attempted to form the disodium derivative by heating 
sodium acetate with metallic sodium and when that failed, attempted to obtain 
the ester-salt, CHg : CH(0Et)(0]Sra) (present-day formula), by the action of 
sodium on ethyl acetate. Instead of this he obtained a compound, CgHgOgNa, 
which on decomposition by acid formed a compound, CgHioOg, which possessed 
acidic and ester properties, and which he named ethylcUacetic acid. Simul- 
taneously, and independently of Geuther, Frankland and Duppa investigated the 
action of sodium and alkyl iodides on acetic ester, as a sequel to their work on 
the action of zinc and alkyl iodides on oxalic ester. Wislicenus, Claisen, A, 
Michael and Scheibler have done much to explain the mechanism of the reaction. 

The difficulty of the problem lay largely in the fact that in many of its 
reactions, such as the formation of an acetal with orthoformic ester, the formation 
of acetone on hydrolysis, acetoaeetio ester behaves as if it has a hetonic structure 
(I), which is also supported by many of its physical properties. On the other 
hand, many of its reactions, its acid character (solubility in alkalis), its colour 
reaction with ferric chloride, its unsaturated character (addition of bromine) 
and the formation of an 0 -derivative by the action of chloroformio ester, are 
better in accord with the “ enolic ” formula (II) ; 

)3-Ketobutyrie ester . . CHs-CO-CHa-COOEt (I) 

jS-Hydroxycrotonic ester . CH3*C(OB[) : CH-COOEt (II) 

It is found that liquid or dissolved acetoaeetio ester is an equilibrium mixture 
of the two forms, the position of equilibrium depending on the temperature and 
the nature of the solvent. If an alkali acts on this equilibrium mixture, that 
enoZ-form already present is attacked, and to maintain the equilibrium more of 
the heto-iovm must change to the enoU, which is removed as fast as it is formed, 
so that eventually the whole amount is dissolved. In this reaction, therefore, 
the mixture behaves as 100% enol, and similarly, by the action of ketone reagents, 
the keto-form is removed from the equilibrium, and the enol-form initially 
present changes to the keto-form, the mixture then behaving as a pure ketonic 
compound. Acetoaeetio ester forms the classical example of that form of 
dynamic isomerism known as keto-enol tautomerism. 


Formation of Acetoaeetio Ester arid its Homolognes 
(1) The Ester-condensation ” in General 

As already stated, acetoaeetio ester is obtained in the form of 
its sodium derivative by the action of sodium ethoxide, sodium or 
sodamide on acetic ester : 

(a) 2CH3-COOC2H5 -f NaOC^Hs CH3-C(ONa) : CH-COOC^Hs + CgH^OH. 

{b) 2CHs-COOC 2H5 -f. 2Na CH8*C{ONa) : CH-COOCgHs + H^. 

(c) 2CH3-COOC2H5 + SNaNHa CH3*C(ONa) : CH-COOCaHj -f C^HsONa 

+ 2NH3. 

The reaction (a) is inhibited by the alcohol formed, whereas this 
does not occur in (6) and (c) where the alcohol is converted into 
aleohblate by the excess of reagent. The reaction {b) is to some 
extent influenced by the reducing action of the hydrogen evolved. 

At the conclusion of the reaction, the ester is liberated from its 
sodium derivative by the use of acid. 

The formation of acetoacetic ester in this way is a special case 
of a very general reaction, whereby the carbethoxy group of any 
ester (A) enters into reaction with the methyl or methylene group 
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of a second compound (B) which is activated by the immediate 
proximity of a carbonyl group : 

R CO OEt -f CH55R CO ^ R-CO CHR' CO* + EtOH. 

(A) (B) 


(A) must always be an ester. (B) can be either an ester, identical 
with or different from (A), or a ketone, the latter reaction being a 
valuable method for the preparation of 1 : 3-diketones. (Mixed ester 
condensation, Wislicenus, Ber. 19, 3225 : Chism, Ber. 20, 651 : 
Ester-ketone condensation, Glaisen, Ber. 20, 655), e.g . : 

CHs-GOOEt -f Na + CHg-CO-CHa CHs-CCONa) : CH-CO-CHa. 

Sodium derivative of 
acetylacetone. 

The mechanism of the ester condensation, like the formula of acetoacetic 
ester, has been the objective of many investigations over the last fifty years, 
and is not yet entirely settled. The original conception, that C-metallic deriva- 
tives such as CHgNa'COOEt are involved, has now been entirely abandoned. 
It has been shown that many ester condensations will take place with an alco- 
holic solution of sodium ethoxide, under conditions which preclude the possible 
formation of a C-sodium derivative. (Claisen, Ber. 20, 2178, etc.) The mechan- 
ism is taken as involving the intermediate formation of 0 -sodium derivatives. 
Two of these have to be considered, (I) the addition product of sodium ethoxide 
and ethyl acetate, CH3*C(OEt)2-ONa (Claisen, Ber. 20, 651), and (II) the true 
0 -sodium derivative, acetic ester sodixun enolate, CH^ : C(OEt)*ONa {Michael, 
Claisen, Ber. 38, 714 s Scheibler, Ann. 458, 1), which can be considered as arising 
from (I) by loss of alcohol, or directly from acetic ester and sodium ethoxide : 

CH»-0<OEt + NaOEt >. CHj : C<Qg® + EtOH. 


Each of these views leads to a fimdamentally difierent view of the rnachanism 
of the ester condensation, in one the action of the sodium being on the carbethoxy 
component of the reaction, in the other, on the methyl component. The forma- 
tion of benzoyl-acetic ester is thus represented either as from C6Hs-C(OEt)«ONa- 
4- CHa-COOEt or from CeHg-CO-OEt + CHj : C(OEt)-ONa. 

Claisen (Ber. 20, 651) supports the fet alternative, and gives the equation : 

CH3-C(OEt)a-ONa + CHa-COOEt >-CH8-C(03Sra) : CH-COOEt + 2EtOH. 

Swarts (Bull. Soc. Chim. Belg. 35, 412) supports this conception by the fact that 
such an addition compound can actually be isolated from trifluoroacetic ester and 
sodium ethoxide, and this compound reacts with acetic ester to give a nearly 
quantitative yield of ethyl sodiotrifluoroacotoaootate ; 

CF3-C(OEt)2-ONa + CHg-COOEt ^ CE3-C(0]Sra) : CH-COOEt 2EtOH. 


Claisen (Ber. 38, 709) gives the following equations to show how the action 
may take place with the intermediate formation of (II) : 

(a) Addition of the enolate to ethyl acetate, similarly to the addition of 
sodium ethoxide ; 


CHs-CO OEt + NaO C(OEt) ; CH^ 


CH 


/ONa 

•Cv-OEt 


(HI) 


^O-C(OEt) : CH2 

(6) The lower group in the compound (HI) is then assumed to become 
detached, and ^bsequently reattached by means of the methylene group, a 
reaction for which there are many parallels : 

/ONa /ONa 

CH,-C^OEt ->CH8-CfOEt -->CH3 C<: 4- EtOH. 

\0-C(0Et) : CHa NoHj-COOEt \cH*COOEt ^ 


The formation of keten acetal, CHg : C(OEt)g as a by-product (Scheibler 
and Ziegener, Ber. 55, 792) can also be explained by the intermediate formation 
of (III) : 


/ONa 

CHj-C^OEt 

\0-0(0Et) ; CHj 





4- (EtO)aC : CHa. 
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The mechanism of the ketone condensation, is precisely similar, the only 
difference being the formation of the ketone enolate instead of the ester enolate 


yONa 

CH3*C^OEt 

\0-CR : CHo 


CH, 


yONa 




CO-R 


■f EtOH. 


For a different formulation of the addition products postulated by Claisen 
as “ molecular compounds,” see Seheibler and Marhenkel (Ann. 458, 4). 

(2) A further general method for the synthesis of /S-ketone-acid esters consists 
in the action of magnesium on a-bromo-fatty acid esters in ethereal solution 
(Ber. 41, 589, 954) : 


Br/ 


€— CO2C2H5 + 2Mg 


/OMgBr 

^ >C-C(0C2H5)<(^^ 


HaO 


BrMg/ 
(CH3) 


^ ’^C— C0-C(CH3)^C0AHs 

isoBut>Tyli«obutyric ester. 

+ MgBrg + MgO + C2H5OH. 

(3) A further synthesis depends on the action of metallo-organic compounds 
on nitriles ; 

{a) Acid nitriles are condensed with a-bromo -fatty esters by zinc, and the 
product is decomposed with water (C. 1901, I. 724) : 

yZnBr yNZnBr 

: N 4- (CH3)2C< > CsH^Ckf 

\CO2R V 

Butyronitrile. 


\C(CH3)2C02R 


H.0 


> CaH^Cf 

\C(CH5)aC03R. 

Butyrylmbotyric ester. 

(b) The condensation of cyanoacetic ester with magnesium alkyl iodides and 
subsequent action of water also produces jS-ketone-acid esters (C. 1901, 1. 1195) : 

IMgCaHs H.O 

N : CCH2CO2R C2H5C(: NMgI)CH3C03R — ^ C2H5COCH2CO2R. 

Cyanoacetic ester. Propionyl acetic ester. 

(4) The higher esters can also be prepared by the action of ferric chloride on 
acid chlorides, whereby a ketonic acid chloride is first formed. Water causes the 
loss of CO2, forming a ketone, but the action of alcohol is to produce the ketonic 
acid ester (Hamonet, Ber. 22, R. 76“ 

CH3 c^HjOH /CH3 

> CaHgCOCHC; 

XCOOCgH^ 
a-Propionylpropionic ester. 


2C2H5COCI - 


~HC1 


-> C^HsCOCa 


y 

\CC 


vcoa 

Propionyl chloride. 

The higher chlorides, such as butyryl and cenanthylic, can be employed in 
this reaction. 

(5) When a-aeetylene carboxylic acids are boiled with alcoholic potassium 
hydroxide, water is taken up and j3-acyl€u;etic acids result. By esterification 
with alcohol and mineral acids at 0®, the ^-ketonic acid esters are formed {C. 1903, 
I. 1018) : 

C,Hi5C=C-COjH CsHijCO-CHjCOjH > CsHi,CO-CHjCOOCaHs 

Hexyl propiolic acid. Hepto-acetic ester. 

(6) Finally, certain syntheses have been performed, in isolated cases, from 
aldehydes and diazoacetic ester (p. 458) (Ber. 40, 3000) : 

CCI3CHO + N2CHCO2C2H5 > CClgCO-CHaCOaCjHg + ^3. 


Reactions of Acetoacetic Ester. 

Acetoacetic ester is a reagent of very wide applicability in the 
synthesis of organic compounds. The reasons of its great value are 
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(i) the ready introduction of substituents into the CHg group, (ii) the 
hydrolysis of the ester and its substitution products by the action 
of acids or alkalis with the formation of fatty acids and ketonic 
compounds. 

(1) The interaction between the sodium compound of acetoacetic 
ester and alkyl halides, especially the iodides and bromides, results 
in the formation of homologous esters. 

An examination of the structural formula for the acetoacetic ester 
reveals that only one hydrogen is replaceable by sodium. The metallic 
compound reacts with the halogen alkyl, whereby the sodium salt is 
formed and the alkyl group becomes attached to the a-C atom. 

[a) CgHsOCO— CH CHg CaHsOCO-CH-CHa 

11 + i = I -h Nal. 

CHa— CONa I CHs-— CO 

Sodium acetoacetic ester. a-Methylacetoacetic ester. 

The mono-alkyl substituted ester can take up an atom of sodium 
and again react as above : 

(6) CgHsOCO—COHa C^Hs C.H5OCO— C(CH3)CaHs 

11 + I = “ I +NaL 

CHa—CONa I CH 3 — CO 

a-Methyl sodium Methylethylacetoacetic 

acetoacetic ester. ester. 

According to Michael (J. pr. Chem. [2] 37, 486 : 46, 189) the 
reaction consists of an addition of the alkyl halide to the enol double 
linkage, followed by splitting off of sodium halide. 

The dialkylaoetoacetic esters are incapable of enolization and do 
not form sodium derivatives. 

By the action of acid chlorides, R-COCl, on the sodium derivative 
an exactly similar reaction takes place, with the formation of C-acyl 
derivatives. In the presence of pyridine, the action of acid chlorides 
or chloroformic esters on acetoacetic ester leads to the formation of 
0-acyl derivatives of the enol form {cf. p. 474). The two reactions 
are contrasted below : 

CH8-C(0]N'a) ; CH-COOEt + CHg-COCl — CH 3 -CO-CH(COCH 8 )-COOEt + NaC. 

Pyridine 

CH5*C{0H) : CH*OOOEt -f OHa-COCl CHa CCO^COCHs) : CH-COOEt 

-f pyridine, HCL 

A general prophecy as to whether a 0- or an 0-alkyl compound 
is obtained in any particular alkylation cannot at present' be made, 
but comparing Claisen’s results (Ann. 442, 210) on the action of allyl 
bromide on phenol, acetoacetic ester and other dicarbonyl compounds, 
it is seen that the nature of the product depends very largely on 

(а) The additive capacity of the double linkage. 

(б) The mobility of the halogen in the alkyl halide employed. 

(c) The nature of the solvent. 

In broad terms it may be said that the greater (a) and (6) are, 
and the use of less dissociating solvents {e.g. benzene) lead to the 
formation of (7-alkyl derivatives. 

(2) Acetoacetic ester and its mono- and di-alkyl derivatives can 
be decomposed in two ways to form simpler compounds. 

(a) By hydrolysis with dilute mineral acids or very dilute alkalis 
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the products are a ketone, carbon dioxide and alcohol (hetone decern- 
position ) : 


CHs-CO •CHj-iCOOiOaHs _ 
+ H i jOH “ 


CHs-CO -CHa + COs + CsHgOH. 
Acetone. 


(6) By hydrolysis with concentrated alcoholic alkalis, the prod- 
ucts are two molecules of fatty acid (or its salt) and alcohol {{icid 
decomposition ) : 


CHs-CO-iCHs-COOiCsHs 
HO iH HiOH 


== CHs-COOH + CH 3 COOH + C 2 H 5 OH. 
Acetic add. 


The substituted acetoacetic esters are similarly decomposed, the 
ester CHs-CO-ORR'^COOOaHg yieldmg the ketone CHs-CO-CHRR' when 
submitted to the ketone decomposition and the acids CHs-COOH and 
CHRR'*COOH by the acid decomposition. (For ketone decomposition, 
see C. 1927, II. 2743.) 

By means of the “ acid decomposition the higher acylacetic 
esters can be prepared, by converting ethyl acetoacetate into the 
O-acyl derivative and treating the product cautiously with alkali. 
The acetyl group is thereby preferentially split off (C. 1902, II. 1410), 
e.g. : 

NaOH 

C3H7-CO-CH(CO-CH3)-COOEt >• CaH^-CO-CHa-COOEt + CHg-COONa. 

O-bntyrylacetoacetic ester. Butyrylacetic ester. 

(c) The decomposition of mono- and di-alkyl-acetoacetic esters 
into mono- and di-alkylacetic esters can be carried out directly and 
completely by boiling with sodium ethoxide solution {ester decomposi- 
tion) (Ber. 33, 2670 : 41, 1260) : 


CH8C0-C(CH8)aC02K -f- ROH = CH 3 CO 2 R + (CH3)3CHC02R. 


(3) The acetoacetic esters are converted by nascent hydrogen 
(sodium amalgam) into the corresponding j3-hydroxy-acids (p. 421) : 

CHaCO-CHaCOjCaHc + Hg + HgO == CHgCH(0H)-CH2C02H + CaHjOH. 


(4) Chlorine and bromine produce halogen substitution products of the aceto- 
acetic esters, the hydrogen of the — CHg — group being replaced first. 

(5) PCI 5 replaces the oxygen of the jS-CO group by 2 atoms of chlorine. The 
chloride, CHsCOlg-OHgOOCl, readily loses hydrochloric acid and yields two 
chlorocrotonic acids (p. 344). 

(6) Orthoformio ester replaces the oxygen of the jS-00 group by two ethoxy- 
groups producing j5-diethoxybutyric ester, which readily splits o& alcohol and 
yields jS-ethoxycrotonic ester (p. 453). This is a method of preparing O-alkyl 
derivatives. 

(7) Ammonia, aniline, hydrazine and phenylhydrazine acting on acetoacetic 
ester produce the imine, anilide, hydrazone and phenylhydrazone, which can also 
be looked on as being respectively ^-amino-, j8-anilino-, jff-hydrazino-, and |5- 
phenylhydrazino-crotonic esters. Acetoacetic ester forms a semicarbazone 
with semioarbazide, and an oxime with hydroxylamine (Ber. 28, 2731). The 
hydrazones and oximes of the j5-ketonic esters easily give up alcohol and become 
converted into cyclic derivatives — laciazams and lactazones (c/. p. 461), usually 
known as pyrazolones and isoxazoles : 


CgHgH N 

I 11 

CO-CHaCCHj 

Phenylmetbyipyrazoloiie. 


0 N 

1 II 
COOHj — C-CH, 
Methylisoxazole. 


One molecule of hydrazine converts acetoacetic ester into the azim, 
(CgHioOg) ; N — N : (CeHioOj), m.p, 48% which an excess of hydrazine easily 
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transforms into two molecules of methylpyrazolone (Ber. 37, 2820: 38, 
3036). 

(8) Nitric oxide and sodium ethoxide change sodium acetoacetic ester into 
the disodium derivative of iaonitraminoacetoacetic ester (Ann. 300, 89) : 




CHaCO/ 


!HNa + 2NO + CjHgONa = 


CO ah, 
CH 3CO- 


x:: 


NoOoNa 


4- C2H5OH. 


(9) Nitrous acid changes the non-alkylated acetoacetic ester to the ^sonitroso- 
derivatives, CH3CO*C( : N*0H)C02B, which readily break up into isonitroso- 
acetone, COg and alcohols (see below). Nitrous acid, acting on monoalkyl 
acetoacetic esters, displaces the acetyl group and leads to the formation of 
a-'i^onitroso-fatty acids (p. 460), whereas the free monoalkyl acetoacetic esters, 
under like treatment, split oft CO2 and yield isonitroso-ketones (p. 406). 

(10) Benzenediazonium chloride reacts with the enoMorm of acetoacetic ester 
with the formation of the phenylhydrazone of pyruvic aldehyde (Ber. 21, 549: 
Ann. 247, 217). Intermediate stages of the reaction, see Dim/roth, Ber. 40, 
2404,4460: 41,4012. 

(11) Diazomethane converts acetoacetic ester into j8-methoxy-crotonic ester 
(p. 474) (Ber. 28, 1626). 

(12) An important reaction is the union of acetoacetic ester with urea, when 

ISTH— CO— NH 

water is eliminated and methyluracil, | I » is formed. This is 

CHa-C-=-CH— CO 

the parent substance in one synthesis of uric acid (q.v.). 

(13) Amidines convert acetoacetic ester into pyrimidine compounds (Vol. III.). 

(14) The action of sulphur chloride or thionyl chloride on acetoacetic ester is 
to produce thiodiacetoacetic ester, S[CH(C0CH3)C02C2H532 (Ber. 39, 3255). 

Nucleus-synthetic Reactions. 

(16) Heated alone, acetoacetic ester is changed to dehydracetio acid (g'.v.), the 
8-laetone of an unsaturated 8-hydroxy-diketone carboxylic acid. 

(16) The action of sulphuric acid causes acetoacetic ester to pass into a con- 
densation product, isodehydraeetic acid, the 8-lactone of an unsaturated 8-hy- 
droxy-dicarboxyhc acid. 

(17) Hydrocyanic acid unites with acetoacetic ester, forming the nitrile of 
a-methylmalic ester. 

(18) (For the action of magnesium alkyl iodides on acetoacetic ester, see 
C. 1902, I. 1197.) 

The nucleus-synthetic reactions of the sodium derivative of acetoacetic ester 
and copper acetoacetic ester are far more numerous. 

(19) It has been repeatedly mentioned that the sodium acetoacetic esters 
could be applied in the building-up of the mono- and di-alkyl acetoacetic esters, 
and also, therefore, in the preparation of mono- and di-alkyl acetones, as well as 
mono- and di-alkyl acetic acids. 

(20) Iodine converts sodioacetoacetic ester into diacetosuccinic ester : 


CHsCO-CHCOaCaH 

I 

CHaCO-CHCOAH 


5 

6 


This body is also produced in the electrolysis of sodioacetoacetic ester (Ber. 28, 
H. 452). 

(21) Chloroform and sodioacetoacetic ester unite to form hydroxyuvitic acid, 

C8H2(CH3)(0H)(C02H)2. 

(22) Other halogen compoimdssuch asmonochloroacetone, cyanogen chloride, 
acid halides, and monohalogen substitution products of mono- and di-carboxylic 
esters react with sodium acetoacetic ester. Copper acetoacetic ester is most 
advantageously used with phosgene (Ber. 19, 19). (For greater detail see below.) 

(23) Aldehydes, e.g. acetaldehyde, and acetoacetic ester unite to form ethyl- 
idenemono- and bis-acetoacetic esters. The latter y-diketones especially are 
important, because by an intramolecular change, causing the loss of water from 
CO and CH3, they condense to cycZohexenone derivatives (Ann. 288, 323), and 
with ammonia yield hydropyridine bodies. Acetone condenses with acetoacetic 
ester, forming iaopropylideneacetoacetic ester (p. 481) (Ber, 30, 481). 
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(24) Acetoacetic ester condenses similarly with orthoformic ester to the 
ethoxymethylene derivative {CeHgOa) : CHOCgHg, and to the methenyi deriva- 
tive (CeHgOa) : CH-(CeH903) (Ber* 26, 2729). 

(25) Cyanogen unites with sodioacetoacetic ester, forming the sodiiim com- 
pound of a-acetyl-jS-oyano-8-iminopropionio ester, and of aa^-diacetyl-j8j3^-di- 
imino-adipic ester (Ber. 35, 4142) : 




(26) Phenols condense with acetoacetic ester to form coumarins (VoL II) 
(Ber. 29, 1794) ; quinones (Vol. II) form cumarones. 

(27) Dihydrocollidinedicarboxylic ester is obtained smoothly by the inter- 
action of aldehyde-ammonia and ethyl acetoacetate (Hantzsch’s pyridine synthesis, 
Vol. ni). 

Methyl acetoacetate, b.p. 169°. 

Etliyl acetoacetate. Acetoacetic ester, CHa'CO’CHg'COOCgHs, b.p. 181°/ 
760 mm., b.p. 72°/12 mm., Dgo 1-O2o6 is a colourless, mobile, pleasant-smelling 
Uquid, slightly soluble in water and volatile in steam. Ferric chloride solution 
yields a violet colour, the reaction being due to the enol-form. It is broken down 
by acids with the formation of acetone, and by alkalis with the formation of 
acetic acid (see (2) above). 

Liquid acetoacetic ester consists at room temperature of : 

92*6% Keto-xOTm, m.p. — .39°, b.p. 40-41 °/2 mm., 1-4225 
7-4% Enol-ioTm, liquid 1-4480. 

The separation of the keto and enol constituents of ethyl acetoacetate has 
been carried out by the following methods : 


1. Freezing out of the pure keto-fonn at ■— 78° (Knorr, Ber. 44, 1147). 

2. The enol-form is obtained by the action of dry hydrogen chloride on ethyl 

sodioacetoaeetate at — 78°. 

3. By fractional distillation of the eqmlibrium mixture (Bor. 53, 1410 : 

54, 579 : J.A.C.S. 50, 3048). 

4. By shaking out the keto-form with petroleum ether (Ann. 380, 231). 


It has been suggested (Sidgwick, J.C.S. 127, 907) that the structure of the 
enol-form is more accurately represented by a “ chelate-ring ” structure, con- 
taining a co-ordinate linkage, than by the ordinary open-chain formula. This 
is based on the greater volatility of the enol- than the keto-form and the greater 
solubility in water of the keto-form (see p. 31) : 

O 


CH3-C(OH) ; CH-COOEt 
Open-chain formula. 


CH.-C H 


II f 

HC O 

Y 


1 

OEt 

Chelate-ring formula. 


At room temperature, the pure keto-form rapidly changes in part to the 
enol-form, with formation of the equilibrium mixture. 

Quantitative estimation of enol-form, see p. 50 : factors influencing the rate 
of attainment of equilibrimn, see Bull. Soc. Chim. 35, 762.: rate of change of 
pure ester, see J.A.C.S. 50, 3048, 


Metallic derivatives. 

The sodium derivative, CH3{CONa) : CHCOgCgHg, crystallizes in long needles. 
Copper derivative (C6HgOs)2Cu, is produced when a copper acetate solution is 
shaken with an alcoholic solution of acetoacetic ester, mien boiled with methyl 
alcohol, it undergoes alcoholysis, and is converted into (CgH903)Cu0CH3 (Ber. 
35, 539); alumimum salt. m.p. 80°, b.p. 194 °/8 ntim. (0. 1900, I. 11), 

The thaUium derivative, m.p. 91-92°, is precipitated when thaUous hydroxide 
solution is mixed with ethyl acetoacetate dissolved in alcohol. It is readily 
soluble in organic solvents (J.C.S, 127, 2372). 
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Homologous jS-Ketonic Esters. 


Acid. 

Foramla. 

B.p. of 

Ethyl Ester. 

B.p. of 
Methyl Ester. 

Methylacetoacetic 

CHg-CO-CHMe-COOH 

187° 

169° 

Ethylacetoacetic . . 

CHa-CO-CHEt-COOH 

198° 

190° 

Dimethylacetoacetic . 

CHg-CO-OMea'COOH 

184° 

— 

Methylethylacetoacetic 

CHa-CO-CMeEt-COOH 

198° 

— 

Propylacetoacetic 

CHaCO-OHPr-COOH 

208° 

— 

Diethylacetoacetio 

' CHg-CO-CEta-COOH 

218° 

— 

Propionylacetic . . 

CaHg-CO-CHi-COOH 

92717 mm. 

— 

Butyrylacetio . . . 

CsHy-CO-CHg-COOH 

— 

85°/14 mm. 

Butyrylhutyrio . . 

CgH^-CO-CHEt-COOH 

223° 

— 

ButyryKsobutyric . 

CsH^^CO-CMe^-COOH 

109°/29 mm. 

— 

woButyryKsobutyric . 

CHMea-CO-CMea-COOH 

203° 

— 

Deeoylacetic . 

C^Hig-CO-CHa-COOH 

165°/13 mm. 



Ethers and Thio-ethers of the j3-Ketonic Acid Esters : ^-Diethoxybutyric 
ester {ortho-ethyl ether of acetoacetic ester), CKfi{0C2'H.^)fiB.2C02C^s> obtained 
by the inter-reaction at low temperatures of acetoacetic and orthoformio esters 
under the influence of various reagents (c/. pp. 266, 290), It is an oil, which is 
converted by saponification into the crystallncable sodium salt of j8-diethoxybuty«- 
ric acid. This readily gives up CO^, and yields into acetone ortho -ethyl ether 
(p. 266). The diethoxybutyxio acid ester decomposes on distillation into alcohol 
and p-ethoxycrotonic ester (ethyl ether of aci-acetoacetic ester), CH3C(OC2H5) 
CHCOaCgHg, m.p. 30°, b.p. 195°. This, on saponification, yields p-etkoxycrotomc 
acid, m.p. 137° j it can also be formed from so^um ethoxide and jS-chlorocrotonio 
acid (p. 344), and also from acetoacetic ester. On heating, it loses 00^ and is 
converted into iaopropenyl ethyl ether (p. 158) (Ann. 219, 327 ; 256, 206). 
Alcoholic sodiiun ethoxide changes ethoxycrotonic ester back into di-ethoxy- 
butyric ester (Ber. 29, 1007), P-Methoxycrotonic ester, CRfi{OC3.i ) : CHCO2C2H5, 
m.p. 188°, is formed from acetoacetic ester and diazomethane (Ber. 28, 1627), 

A mixture of the two types of ethem — ^the ethyl ether of the aci- form and 
the ortho-ether of the keto- form of the j8-ketonic esters — are obtained by boil- 
ing the homologous propiolic acid ester (p. 351) with alcoholic potassium 
hydroxide ; 

RC : CCOAHg ^ RC(OCaH6) ; OBCO^O^B.^ RC(OC2H6)a*OH2COaC2H5. 

Similarly, propiolic nitrile yields the ether of the ketonic acid nitrile (0. 1904, 
I. 659 : 1906, I. 912). 

The aci-Bth&r is readily hydrolysed by dilute sulphuric acid into the jS-ketone 
acid ether. 

Pp-Diethylthiolbutyric ester, b.p. 138°/37 mm., is 

decomposed by hydrolysis into mercaptan and p-ethylthiolcrotonic acid, CH3C- 
(SCgHs) : CHCO2H, m.p. 91° (Ber. 33, 2801 : 34, 2634). 

Esters of the acf-jS-Ketonic Acid Esters. 

Acid chlorides and also halogen alkyls, acting on sodium acetoacetic ester, 
produce mainly the (7-acyl compounds (described later among the diketo -carboxy- 
lic esters). Some 0-acyl ester is also formed, which can be obtained as a main 
product, by the action of acid chlorides on acetoacetic ester in the presence of 
pyridine. The 0-acyl esters are insoluble in alkalis, whilst the (7-acyl esters are 
soluble, thus providing an easy method of separation. When heated with alkalis 
(potassium carbonate, sodium acetoacetic ester, etc.), the 0-acyl esters are trans- 
formed into (7-acyl esters. By heating to 240°, 0-acetyl acetoanetic ester is 
converted to a small extent into di-aoetoacetic ester (Ber. 38, 546) : 

CH30(0C0CH3) ;=:OHCO AHs >• CH3CO— 0H(COCH3)COa02H8. 

Chlorocarbonic ester and sodium acetoacetic ester produce almost entirely 
jS-caibethoxycrotonio ester, whilst with the copper salt aoetyhnalomo ester is 
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formed (Ber. 37 , 3394). Both sodium and copper acetoacetic esters yield with 
phenyl t^ocyanate acetylmalonanilic ester, CH 3 CO 0 H(CONHCeHs)CO 2 C 2 H 5 
(Ber. 37 , 4627 ; 38 , 22). It is therefore difficult to formulate a law for the 
acylation of these esters. 

0-Acetylacetoacetic ester, ^-acetoxycrotonic ester, : CHCO 2 C 2 H 5 , 

b.p. 98® /12 mm. ; methyl ester, b.p. 95°/17 mm. O-Butyryl acetoacetic methyl 
ester, b.p. 105°/10 mm. 0-Propionylacetoocetic ethyl ester, b.p. 106®/12 mm. 
(C. 1902, II. 1411). 0-Benzoyl ester, m.p. 43®. 

0-Carbethoxy acetoacetic ester, B-carbethoxyhydroxycrotonic ester, CH3C- 
(OCO 2 C 2 H 5 ) : CHCO 2 C 2 H 5 , b.p. 131®/14 mm. 

Nitrogen Derivatives of jS-Ketone Carboxylic Acids 

Amides. 

Aqueous ammonia acting on acetoacetic ester produces jS-aminocrotonic 
ester (below), and acetoacetic amide, CH 3 COCH 2 CONH 2 , m.p. 50®, which forms a 
crystalline copper salt (Ber. 35 , 583 ). Methylacetoacetic amide, CH 3 CO ‘ 011 ( 0113 )- 
CONH 2 , m.p- 73®, and ethylacetoacetic amide, m.p. 96®, are prepared respectively 
from methyl- and ethyl-acetoacetic esters and ammonia (Ann. 257, 213). Simi- 
larly, dimethyl and methylethyl-acetoacetic esters form amides, m.p. 121® and 124® 
respectively ; di-ethyl acetoacetic ester does not form an amide (0. 1907, 1. 401). 

Nitriles. 

Cyanoacetone : Acetoacetic acid nitrUe, OHgCO'CHgON, b.p. 120-125®, is pre- 
pared from imino-acetoacetic nitrile (see below) and hydrochloric acid ; also by 
the transformation of a-methyl isoxazole (p. 407) (Ber. 25 , 1787). On heat- 
ing it polymerizes suddenly. It cannot be obtained from chloroacetone and 
KCN. Ohloroethyl methyl ketone and ehloromethyl ethyl ketone do, however, 
react smoothly with potassium cyanide to form oL-methylacetoacetic nitrilp, 
CH 3 COCH{OH 3 )CN, b.p. 146® and propionylacetQnUrile, CHsCHaCOCHaCN, 
b.p. 165® (C. 1900, I. 1123 ; 1901, 1. 96). 

The reaction of aniline, hydrazine, phenylhydrazine and semicarbazide, 
hydroxylamine, nitrous acid, nitric oxide, diazomethane, benzene, diazo-salts, 
urea and the amidines, with j3-keto -carboxylic esters are described on pp. 471, 
472 (Nos. 7-13), in which the formation of pyrazolones from the jS-keto-acid 
esters and the hydrazines is again to be remarked ; see phenyl methylpyrazolone 
and antipyrine (Vol. III). 

^-Aminocrotonic ester, or Imino-acetoacetic ester, CHgCCNHa) : CHCOjCjHg, 
or CH 3 C(NH)CHaC 02 G 2 H 5 , two modifications, m.pp.20°and 33® (Ann. 314 , 202), 
is prepared from acetoacetic ester or jS-chlorocrotonic ester (p. 344) and ammonia 
(Ber. 28 , K-. 927). Aqueous hydrochloric acid converts it back into acetoacetic 
ester. Hydrochloric acid gas forms a salt which is decomposed by heat at 130^ 
into ammonum chloride and 8 -ole fine lactone carboxylic ester, p 5 e?^do-lutido- 
styril carboxylic ester (Ber. 20 , 445 : Ann. 236 , 292 : 259 , 172). NaClO and 
NaBrO produce chloro- and bromo-amino-crotonic esters, CHaCCNHX) ; CHCO 2 B, 
which, on treatment with acids, lost NH 3 , and are converted into a-chloro- and 
a-bromoacetoacetic ester (Ann. 318, 371). On the action of nitrous acid, see 
Ber. 37 , 47. Phenyl isocyanate and mustard oil combine with aminocrotonic 
ester, and form a mixture of N- and G- derivatives (Ann. 314 , 209 ; 344 , 19) : 

. (CeH5NHCO)-NHCCH3 NH2CCH3 

11 and }! 

HCCO2C2H5 (C3H5NHC0)-C-C02C2H5, 

(RNHCS)-NHCCH3 NH2CCH3 

11 and 11 

HCCO2C2H5 (RNHCS)-CC02C2H5 

^-Aminocrotonic acid nitrile, imino-acetoacetic nitrile, CH 3 C(NH 8 ) : CHCN 
or CH 3 C(NH)‘CH 2 CN, m.p, 52°, results from the condensation of Wo molecules 
of acetonitrile by means of metallic sodium (J. pr. C5hem. [2] 52, 81). 

Homologous p-athylamino- and p-di-alhylamino-acrylic esters, (C 2 H 5 ) 2 NCR 
CCOgCaHs, and nitrUes, C 2 H 5 CH 2 NHCR : CHON, are prepared by the addition 
of amines to the homologous propiolic esters and nitriles. Acids easily decompose 
them into the ) 8 -ketonic acid esters or nitriles, and amines (O. 1907, I- 25). 
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A dinitrocaproic acid^ CH3C(N02)2C(CH3)2C02H, m.p. 215® with decomposition, is 
formed when camphor is boiled for a long time with nitric acid. It can be looked 
on as being a derivative of a-dimethyl acetoacetic acid (Ber. 26, 3051). 

Halogen Substitution Products of the ^-Ketonic Esters 

Chlorine alone or in the presence of sulphuryl chloride acting on acetoacetic 
ester replaces the hydrogen atoms both of the CH2 and CH3 groups by chlorine. 
The hydrogen of the CHg group is first substituted. 

oL'Chloroacetoacetic ester, CH3GOCHCICO2C2H5, b.p. 109®/10 mm., possesses a 
penetrating odour. y-Chloroacetoacetic esters CICH2COOH2CO2C2H5, b.p. 105°/11 
mm., is prepared by the oxidation of y-chloro-jS-hydroxybutyric ester with chromic 
acid ; also synthetically, from chloroacetic ester and aluminium amalgam. 
Copper salt, m.p. 168° (decomp.) forma green crystals (C. 1904:, I. 788 : 1907, 
I. 944). GL-Broimacetoacetic ester, CKffi0'CB.BT'C020^s, b.p. 101-104°/12 mm., 
is obtained from acetoacetic ester and bromine in the cold (Ber. 36, 1730). 
HBr converts it gradually into y-bromoacetoacetic ester, CH2Br‘C0*CH2C02C2H5, 
b.p. 125°/9 mm. (Ber. 29, 1042). This substance is also formed from bromo- 
acetic ester and magnesium (Ber. 41, 954). 

The constitution of these two bodies has been established by condensing them 
with thiourea to the corresponding thiazole derivatives, 

(m-DicMoroacetoacetic ester, CH3COCCI2CO2C2H5, b.p. 206°, is a pungent- 
smelling liquid. Heated with HCi it decomposes into a-dichloroacetone, CHg- 
COCHCI2, alcohol, and CO2 ; with alkalis it yields acetic and dichloroacetic acids. 
CLOL^Dibromoacetoacetic ester is a liquid ; it yields the dioxime, CH3C(NOH)- 
C(N0H)C02C2Hg, m.p. 142°. OLy-Dibromoacetoacetic ester, CHgBr-CO-CHBr*- 
CO2C2H3, m.p. 45-49°. 

According to Bemargay (Ber. 13, 1479, 1870) the y’hroino-tmno’alkylaceto- 
acetic esters, when heated alone or with water, split off ethyl bromide and yield 
peculiar acids ; thus, bromomethyl acetoacetic ester gave tetrinic acid or methyl- 
tetronic acid, whilst bromoethyl acetoacetic ester yielded pentinic acid or ethyl- 
tetronio acid {L. Wolff, Ann. 291, 226) : 

CO-CHgBr -C^HgBr C(0H)-CH2\ 

1 ^ II >0 

CHs-CH-CO-O-CaHs CHsC CO/ 

Tetrinic acid ~ Methyltetronic acid. 

These acids will be discussed later as lactones of hydroxy-ketonic acids, 
together with the oxidation products of triacid alcohols. 

The y-dibromo-mono-alkyl acetoacetic esters, treated with alcoholic potassium 
hydroxide, yield hydroxytetrinic acid, hydroxypentinie acid, etc. Gorbow 
(Ber. 21, B. 180) found them to be homologues of fumaric acid. Hydroxy- 
tetrinic acid is mesaconic acid {q.v.) ; whilst hydroxypentinie acid is ethyl 
fumaric acid {q,v.), etc. 

The formation of these olefine dicarboxylic acids from yy-dibromo-mono- 
alkyl acetoacetic esters is easily explained on the assumption that the keto- or 
aldehyde acids are first formed, which are then converted into the unsaturated 
dicarboxylic acids: 

CHBrg CHO COOH 

C0-CH(CH3)C02R ^ C0*CH(CH3)C02R ^ CH : C(CH3)C02R 

The y-bromo-dialkyl acetoacetic esters, however, behave differently, giving 
rise to lactones of y-hydroxy-jS-ketone carboxylic acids (Conrad and Cast). The 
bromine atom of the y-bromo-dimethyl-acetoacetic ester (1, below), can be 
replaced by acetoxyl, producing the y-aoetoxy-dimethyl-acotoacetic ester (3), 
which gives up methyl acetate and changes into y-hydroxy-dimethyl-acetoacetic 
acid lactone (2). Bromine, entering the molecule of the y-acetoxy-dimethyl- 
acetoaoetie ester, becomes attached to the y-carbon atom, producing a compound 
which has not been isolated. The action of water on this is the immediate 
production of the lactone of y-dihydroxy-dimethyl-acetoacetic acid (4), Its salts 
are those of an aidehyde-ketone-earboxylic acid, which is converted by alkalis 
into ^-dimethyl malic acid (6) ; whilst on fusion a keto-aldehyde — wobutyryl- 
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formaldehyde (p. 400) — is formed (6). The inter-relations of these compounds 
are shown as follows (Ber. 31, 272(5, 2954): 

CHa— CO— CiCHg), 

( 1 ) ! 1 “ 

Br CH3OCO 

CHa~-CO— C(CH3)3 
(3) 1 1 

OCOCH3 CO2CH3 
OCH— C 0 -CH(CH 3)2 

( 6 ) 

+ CO2 

The action of ammonia on y-bromo-dimethyl-acetoacetic ester to form th& 
lactam of y-amino-dimethyl-acetoacetic acid — dimethyl ketopyrrolidone — 
which is broken down by hydrochloric acid into amino-dimethyl-acetone (p. 397) 
(Ber. 32, 1199). 

y-Trichloroacetoaceiic ester, b.p. 234®, is also prepared 

synthetically from chloral and diazoacetic ester (p. 459) (Ber. 40, 3001). 

HI. y-Ketonic Acids 

These acids are distinguished from the acids of the jS-variety by 
the fact that when heated they do not yield CO 2 , but split ofE water 
and pass into unsaturated y-lactones. They form y-hydroxy-acids 
on reduction, which readily pass into saturated y-lactones. An in- 
teresting fact in this connection is that they yield remarkably well 
crystallized acetyl derivatives when treated with acetic anhydride. 
This reaction, as well as the production of unsaturated y-lactones, 
on distillation suggests the possible formulation of the y-ketonic acid 
as the tautomeric y-hydroxylactones. Spectroscopic investigations 
have shown that free laevulinic acid possesses the open-chain keto- 
formula, while the acetyl derivative corresponds to the hydroxylactone 
structure (v. Auwers, Ber. 52, 584) : 

CHa-CO-CHa-CHg CH3‘C(OH)-CH,-CH3 CH3-C(OOC-CH3)CH.CH2 CH3C : CH-CHg 

I or I “1 I “ I > j I 

COOH O CO O CO O CO. 

liSevuHnic acid. AcetyllaBvulinic acid. a- Angelica lactone. 

Laevulinic acid, - acetopropmiic acid, y - ketovaleric mid, 
[4 - pentanone acid], CgHgOs = CH3*C0*CHa*CH2*C02H, or 

CH 3 *C(OH)*CH 2 *CH 2 Cod, m.p. 32-5® ; b.p. 144712 mm., b.p. 2397760 
mm., with slight decomposition, is isomeric with methylacetoacetic 
acid, which may be designated a-acetopropionic acid. 

(1) Laevulinic acid can be obtained from the hexoses (q.v,) on 
boiling them with dilute hydrochloric or sulphuric acid. It is more 
easily obtained from Isevulose — whence the name — ^than from glucose. 
It is prepared by heating sucrose or starch with hydrochloric acid 
(Ber. 19, 707, 2572 : 20, 1775 : Ann. 227, 99). Its constitution 
is evident from its direct and also indirect syntheses ; (2) from the 
mono-ethyl ester of succinyl monochloride, C 1 C 0 -CH 2 -CH 2 G 02 C 2 H 5 , 
and zinc methyl (C. 1899, II. 418) ; and by boiling the reaction- 
product of chloroacetic ester and sodium acetoacetie ester — aceto- 
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succinic ester — ^with hydrochloric acid or barium hydroxide solution 
{Gonrad, Ann. 188, 223) : 


CEgCO-CHa aCH^COAHsCHsCO-CH-CHa’COaCaHB hCI CHgCO-CHaCHgCOaH 
I > j > 

COAHs COAHs "I-CJO 2 


It is also obtained (3) by the action of concentr ated H2SO4 on 

methyl glutolactonic acid, CH3C(C02H)CH2CH2C00 ; (4) by the 
oxidation of its corresponding y-acetopropyl alcohol (p. 395), (5) by 
the oxidation of methylheptenone (p. 276), of linalool and geraniol, 
two bodies belonging to the group of olefine terpenes. (6) By hydro- 
lysis of crotonaldehyde cyanohydrin with warm hydrochloric acid 
and the transformation of the propenyl glycollic acid thus formed 
(p. 452). 

Laevuliiiic acid dissolves very readily in water, alcohol and ether, 
and undergoes the following changes : (1) By slow distillation under 
the ordinary pressure it breaks down into water and a- and angelic 
lactones (p. 453). (2) When heated to 150-200° with hydriodic acid 
and phosphorus, laevulinic acid is changed to %-valeric acid. (3) By 
the action of sodium amalgam sodium y-hydroxyvalerate is produced, 
the acid from which changes into y-valerolactone. (4) Dilute nitric 
acid converts Isevulinic acid partly into acetic and malonic acid and 
partly into succinic acid and carbon dioxide. The action of sun- 
light on an aqueous solution of the acid is to produce a certain 
quantity of methyl alcohol, formic and propionic acids (Ber. 40, 
2417). 

(5) Bromine converts the acid into substitution products (p. 479). 

(6) Iodic acid changes it to bi-iodo-acetoacrylic acid. 

(7) P2S3 converts it into thiotolen, CiEgS’CHg (Vol. III). For 
the behaviour of Isevulinic acid with hydroxylamine and phenyl- 
hydrazine consult the paragraph relating to the nitrogen derivatives 
of the y-ketonic acids. 

Nucleus-synthetic Eeactions : (8) Hydrocyanic aci d and I sevu lin ic acid 

yield the nitrile of methyl glutolactonic acid : CH3*C(CN)CH2CH2COO 
(see above). (9) Benzaldehyde and laevulinic acid condense in acid 
solution to ^-benzal laevulinic acid, and in alkaline solution to 6-benzal 
laevulinic acid (Ann. 258, 129 : Ber. 26, 349). (10) Electrolysis of 
potassium laevulinate results in the production of a(5-diacetyl butane 
(p. 405) (Ber. 33, 155). 

I^vulinic Acid Derivatives.— The calcium salt + 2 H 2 O ; 

silver salt^ CgH^OgAg, is a characteristic, crystalline precipitate, dissolving in water 
with difficulty ; methyl ester, C 5 H 7 (CH 3 ) 03 , b.p. 191® ; ethyl ester, b.p. 200® : 
phenylhydrazone, m.p. 103®. 

CHsCOO OCO 

AcetyllcsvuUnic acid, y-acetoaeyl-y-valerdlactone, \/ I , m.p. 

CH3CCH2CH3 

78®, is particularly noteworthy. It is formed from Isevulinic acid and acetic 
anhydride ; from silver Isevulinate and acetyl chloride ; from Isevulinic chloride 
and silver acetate ; as well as from a-angelic lactone and acetic acid. The last 
method of formation, as well as the formation of a- and j8-angelio lactone by 
heating acetolsevulinio acid are most easily understood upon the assumption that 
the constitution is really as indicated in the formula shown above. Spectro- 
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ficopio data also support the acetoxylactone formula for the compound (Ann, 
256, 314 ; Ber. 52, 584). 


LcevuUnic chloride^ y-cMorovaUrclactone, CH3CCICH2CH2COO, b.p. 80V15 

mm. , is produced by the addition of HCl to a-angelic lactone, and by the action of 
acetyl chloride on laevulinic acid (A nn. 256, 334). LcBvulinamidef y-amino~ 

valerolactone, CH3C(NH2)CH2CH2CO(!), m.p. 107®, has been obtained from 
laevulinic ester, and from a-angelic lactone and ammonia (Ann. 220, 249). 

Homologous laevulinic acids are obtained from the homologues of aceto- 
succinic ester (p. 622) i 

p-MethylloevuUnic acid, p-acetobutyric add, CH3C0-CH(CH3)CH2C02H, 
m.p. — 12®, b.p. 242®, is prepared from a-methylacetosuccinic ester. It forms 
a difficultly soluble semicarbazone (C. 1900, II. 242), cc-methyllcevuUnic acid, 
p^acetylisobutyric acid, CH3C0*CH2CH(CH3)C02H, m.p. 248®. HovwlccvuUnic 

add, h-methyllcBVuUnic add, CHsCHgCO-CHsCHgCOOH, m.p. 32®, is obtained 
from jSy-dibromocaproic acid (Ann. 268, 69), together with one of the 
hydroxycaprolaciones. cc-Ethyllccvidinic acid, CH3C0*CH2CH(C2H3)C02H, m.p. 
250-252®. 

Mesitonic add, cLa-dimethyllcBmlinic add, CH3C0*CH2C(CH3)2C02H, m.p. 
74®, b.p. 138®/15 mm., is obtained by the action of alcoholic potassium cyanide 
solution on mesityl oxide, CH3COCH : C(CH3)2 (p. 273). The nitrile, CHgCOCHg- 
(CH3)2CN, is formed as an intermediate product, and can be formed from mesityl 
oxide hydrochloride by KCN. Mesityl oxide and hydrocyanic acid in excess 
produce the cyanohydrin of mesitonic nitrile, the dinitrile of the so-called mesitylic 
acid, which decomposes on being heated with hydrochloric acid into formic and 
mesitonic acids (0. 1904, 11. 1108 : Ber. 37, 4070 : Ann. 247, 90). Mesitonic 
acid is converted into dimethylmalonic acid when oxidized writh nitric acid. 

§P-Dimetkylloevulinic add, CH3C0C(CH3)2’CH2C02H, b.p. 151®/18 mm., 
results from a-wwsym.-dimethylsuccinyl chloride and zinc methyl (C. 1899, 
II. 524). 

hh~DimethylloBvuUnic add, (CH3)2CH*C0*CH2CHaC02H, m.p. 40®, is prepared 
from the result of the double decomposition of y-bromo-dimethyl-acetoacetie 
ester and sodium malonic ester, by heating it with dilute sulphuric acid (Ber. 30, 
864) ; by oxidation of dimethylacetonylacetone (p. 405) (Ber. 31, 2311) ; from 
dibromo-woheptoic a6id and soda solution (Ann. 288, 133) ; by oxidation of 
various terpene derivatives (Vol, II), such as thujone. 

pb-Dimethyllcevulmic acid, CH3CH2COCH(CH3)CH2COOH, b.p. 154®, is 
produced from y-ethylidene-jS-methyl but3rTolactone, a degradation product of 
dicrotonic acid (g^v.) ; also by the splitting-up of aa^-dimethylacetonedicarboxylie- 
a-acetic ester (Ber. 33, 3323). 

Caproyl isobutyric add, C5HijC0CH2CH(CH3)C02H, m.p. 33®, b.p. 190®/33 
mm. (C. 1905, II. 1782). 

Halogen y-Ketonic Acids, — a-^Bromokevulinic add, CHsCOCHaCHBrCOaH, 
m.p. 79°, is produced when HBr acts on j8-acetoaerylic acid. Boiling water 
converts it into a-hydroxylaevulinic acid {g.v,). 

^-Bromolcevulinic add, CHjCOCHBrCHaCOgH, m.p. 69®, is produced in the 
bromination of Isevulinic acid, as well as by the action of water on the addition 
product of bromine and a-angelic lactone. Warming with sodium hydroxide 
converts the jS-bromolaevulinic acid into a-hydroxylaevulinic acid and jS-aceto- 
acrylic acid. Ammonia converts the jS-bromolsevulinic acid into tetramethyl 
pyrazine, whilst aniline produces 2,3-dimethylindole (Ber. 21, 3360). 

ap'JOibromQlcBvuUnic add, CH3C0CHBrCHBrC02H, m.p. 108®, is prepared 
from j8-acetoacrylic acid and Bra. pB-Dibromolcevulinic add, CHpBrCOCBGBr- 
CH2CO2H, m.p. il5®, is produced in the bromination of Isevulinio acid. It yields 
diacetyl and glyoxylpropionic acid, HOC-CO^CHgCHaCOaH, when it is boiled 
with water. Concentrated nitric acid converts it into dibromodinitromethane 
and monobromosucculic acid, whilst with concentrated sulphuric acid it yields 
two isomeric dibromocyc^opentenediones (Vol. II). 

' Nitrogen Derivatives of the y-Ketonic Acids. 

(1) Lamdinamide, CHjCOCH»CH,CONHt or CH,iNH,)CH,CH,Coi, m.p. 
107® (see above). 
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(2) Actioih of hydraziyie, NHaNHj : LcamUnic hydrazide, CHaCOCHgOHa* 
CONHNH 2 , m.p. 82°. On the application of heat it passes into a lactazam 


(p, 4(>i) — "i-mcthylpyridazinone, CH 3 (C=N*NH)CH 2 CH 2 CO, in.p. 94° (Ber. 

26, 408 ; J. pr. Chem. [2] 50, 522). 

(3) Action of phenylhydrazine, NHaNHCeHg : The first product is a hydra- 
zone, which yields a lactazam when heated. Lcevulinic phenylkydrazone, 
CH3C(=NNHC6H5)CH2CH2C02H, m.p. 108°. This passes into Z^methylphenyl- 
pyridazolon&f m.p. 81° (Ann. 253, 44). When fused with zinc chloride it becomes 
2-methylindoleacetie acid, 

ZdCI, HOCO'CH .HTT heat CO — CHa CH2 

NH— CCHj C,HsNH-n‘: CCHa ^ CjHjN N:CCH3 

Methylindoleacetic acid. Methylphenylpyridazolone. 

Mesitonic acid phenylkydrazone, CH 3 C( : NNHCeH5)CH2C(CH3)2C02H, m.p. 

121 *5°, passes into trimethyl-N -phenylpyridazolomy C 3 H 5 ]!lN:C(OHa)CH 2 C(CH 3 ) 2 CO, 
m.p. 84° (Ann. 247, 105). 

(4) Action of hydroxylamine : Lcevulinic oxime, CH3C(N0H)CH2CH2C02H, 
m.p. 95° (Ber. 25, 1930), imdergoes rearrangement in presence of concentrated 

CHgCOv 

sulphuric acid into succinyl methylimide, 1 yNCHg. 

CHgCO/ 


IV. (3-Ketomc Acids, etc. 

Such acids have been prepared from acetylglutaric acids (q,v,) by the elimina- 
tion of COg. On reduction they yield S-lactones (p. 428). 

y-Acetobutyric acid, OHaCO-CHaCHgCHgCOgH, m.p. 13°, b.p. 275°, is formed 
by the oxidation of S-acetobutyl alcohol (p. 395) ; and from dfiiydroresorcinol by 
barium hydroxide solution. Sodium ethoxide changes it back into dihydroresor- 
cinol. 

y-Mthyl-y-acetobutyric acid, CHgC0-CH(C2H5)CH2CH2C02H, b.p. 173°/10 mm., 
b.p. 280°, yy-Dimethyl-yocetobutyric acid, CH 3 'COC(CH 3 ) 2 CH 2 CH 2 COOB[, m.p. 
48°, is obtained from aa-dimethylglutaric ethyl ester acid chloride and zinc 
methyl (C. 1899, II. 524) ; also from isolauronolic acid and j3-campholenic acid 
by oxidation (C. 1897, I. 26). y-Butyrobutyric acid, CH3CH2CH2CO‘OH2CHg- 
CH 2 CO 2 H, m.p. 34°, from coniine (Vol. Ill) and HgOg. 

Certain higher ketonic acids have been prepared by the oxidation of hydro- 
aromatic compounds of the terpene group, and are important in determining the 
constitution of the latter. Other ketonic acids result from the hydration of 
acetylene carboxylic acids by means of concentrated sulphuric acid. A case in 
point is ketostearic acid, from stearolic acid (p. 352), which is produced on treating 
oleic and elaidic di-bromides with alcoholic potassium hydroxide. See oleic 
acid (p. 348) for the value of these ketonic acids in determining the constitu- 
tion of the olefine and acetylene carbonic acids, which are closely related to 
them. 

j^-isoPropyl-S-acetyl valeric acid, CH3C0-CH2-CH2CH(C3H7)CH2C02H, m.p. 
40°, b.p. 192°/20 mm., is prepared from tetrahydrocarvone (Vol. II). B-Methyl- 
h-isobutyrylvaleric acid, CH 3 CH(CH 3 )C 0 -CH 2 CH 2 CH(CH 3 )CH 2 C 02 H, b.p. 
186°/20 mm., is prepared from menthone (Vol. II). V^idecanonic ac^, CH3CO- 
[CHajgCOgH (?), m.p. 49°, is formed from undecolic acid (p. 352). 

B’Ketostearic acid, CH3[CH2]8C0[CH2]7C02H, m.p. 83°, is obtained from chloro- 
ketostearic acid (Ber. 29, 806), and is a transposition product of ricinoleic acid 
(p. 354). 

i-Ketostearic acid, CH3[CH2]7C0[CH2]8C02H, m.p. 76°, is obtained from 
stearolic acid (p. 352) by the action of concentrated sulphuric acid; also by 
heating the salt of dihydroxystearie acid, produced by the oxidation of this acid* 
by KMn 04 (J. pr. Chem, [2] 71, 422). Consult oleic acid (p. 348) for the decom- 
position of its oxime. 
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B. UNSATURATED KETONIC ACIDS 

(i) Ketencarboxylic Acids 

Ethylketencarboxylic Acid. The ethyl eatery C2H5(C2H5-C02)C : CO, b.p. 
48°/15 mm., is a colourless liquid, obtained from ethylbromomalonie chlorides 
and zinc and distillation of its polymer, diethylcydohutanedionedicarhoicylio 
ester under 15 mm. pressure (Ber. 42, 4908). 

Ketenacetalcarbozylic ester {diethoxyacrylic ester), C2H5C02*CH : C(OEt)2, 
b.p. 128°/12 mm., is a highly refractive liquid, obtained from cyanoacetic ester 
by way of the imidoether and orthoether by distillation under 12 mm. (Reitter 
and Weindel, Ber. 40, 3360). cc-Chloro-ff-diethoxyacrylie ester, CaHsCOg'CCl 
C{OEt)2, b.p, 157--159°/50 mm., is obtained from trichloroacrylic ester and sodium 
ethoxide (Ann, 297, 319). 

(ii) Olefineketonecarboxylic Acids 

jS-Ketonic Acids. — Ethylideneacetoacetic ester, CH3-CO'C(:CHCH3)COOH, 
b.p. 211°, results from the action of hydrochloric acid, ammonia, diethylamine or 
piperidine on aldehyde and acetoacetic ester (Ann. 218, 172 : Ber. 29, 172 : 
31, 735). Magnesium methyl iodide converts it into a salt of i^opropylaceto- 
acetic ester (C. 1902, I. 1197). 

iaoPropylideneacetoacetic ester, CKfiO-C{:CMe 2 )COOK, b.p. 215°, is pre- 
pared from acetone and acetoacetic ester by the action of HCl and then of quino- 
line (Ber. 30, 481). 

isoHeptenoylacetic acid, (CH3)2C : CCH2CH2COCH2CO2H, is prepared from 
isohexenylpropiolie acid (method of formation 5, p. 469) ; ethyl ester, b.p. 
127-130°/14 mm. (C. 1903, I. 1019). 

y-Ketonic Acids : p-Acetoacrylic acid, CHsCO-CH : CHCO2H, m.p. 125°, is 
derived together with jS-hydroxylaevulinic acid from /?-bromolsevulinic acid, and 
also from chloralacetone upon digestion with a soda solution. It combines with 
bromine and with hydrobromic acid, forming ajS-dibromolsevulinic acid and 
a-bromolsevulinic acid (Ann. 264, 234). For constitution of j8-acetoacrylio acid, 
see Ber. 35, 1157. 

P-Tri ckhroacetoacrylic acid, trichlorophemmalic acid, CClsCO'CH : CHCO2H, 

or CCl3*C(OH)CH : CHCOO, m.p. 131°, is obtained from benzene by the action 
of potassium chlorate and sulphuric acid (Ann. 223, 170 : 239, 176). It breaks 
up into chloroform and maleic acid when boiled with barium hydroxid e. 

It yields acetyltrichlorophenomaUc acid, CCl3C(OCOCH3)CH : CHUoi, m.p. 
86° (Ann. 254, 152), when treated with acetic anhydride. Perchloroacetylacrylic 
acid, CClsCOCCl : CCl-COjH, m.p. 83-84° (Ber. 26, 511), and other chlorinated 
acetyl acrylic and acetyl methyl acrylic acids (Ber. 26, 1670), are formed from 
the decomposition of benzene derivatives which have previously been ch lorinated. 

a^-Dibromo'^'acetylacrylic acid, CHaCO-CBr : CBrCOOH, or CH3'(!l(OH)CBr 

I 

CBrCOO, m.p. 78°, results upon treating a-tribromothiotolen with nitric acid. 
Its remarkably low conductivity points to a lactone formula (Ber. 24, 77 ; 
26, R. 16). 

3 -Ketonic Acids. — Chlorinated S-ketonic acids have been obtained from the 
ketochlorides of resorcinol and orcinoi, e.g. trichloroacetyltrichlorocrotouic acid, 
CCI3COUCI ; CHCClgCOjH (Ber. 26, 317, 504, 1666). 
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CARBONIC ACID AND ITS DERIVATIVES 


The salts and esters of carbonic acid are derived from an acid 
of the formula CO(OH)2, which, although it may be regarded as 
hydroxyformic acid, differs sufficiently from the other hydroxy acids 
to merit separate treatment. It behaves as a weak dibasic acid. 
The free acid, like most compounds containing two — OH groups 
attached to the same carbon atom, is unstable, and breaks down on 
liberation into the anhydride, carbon dioxide, CO 2, and water. Deriva- 
tives of orthocarbonic acid, C(OH)4, are known, but the free acid, like 
metacarbonic acid (ordinary carbonic acid), breaks down immediately 
on liberation into CO 2 + 2H2O. 

In the system on which this book is arranged, all compounds 
derived from methane by the replacement of all four hydrogen atoms 
by monovalent residues can be regarded as derivatives of ortho- 
carbonic acid, and such compounds as chloropicrin, CCI3NO2, tetra- 
nitromethane, C(N02)4, wiU be treated as such. The tetraamino 
derivative G(NB. 2 )a not exist, but in reactions where it is expected, 

ammonia is liberated and guanidine, (NH2)2C :NH, is formed. 

Carbon dioxide, CO2, is the jSnal combustion product of carbon. 
Under favourable conditions the carbon of every organic substance 
will be converted into it. In the quantitative analysis of carbon 
derivatives carbon is determined in the form of CO2 (p. 2). 

Liquid carbon dioxide is a good solvent for many organic sub- 
stances, especially those that are more volatile, a behaviour which 
resembles the organic solvents (C. 1906, I. 1239). 

Several of the methods for the formation of carbon dioxide, which 
are especially important in organic chemistry, may be mentioned here. 
Carbon dioxide is developed from fermentable sugars in the alcoholic 
fermentation process (p. 140). It is readily formed by the oxidation 
of formic acid (p. 280), into which it can be converted by reduction 
(Ber. 28, R. 458) ; and can be withdrawn from the carboxylic acids 

containing the carboxyl group, — C<q^, when hydrogen will enter 

where the carboxyl group was first attached. Those polycarboxylic 
acids, containing two carboxyl groups in union with each other, 
or two and more carboxyls linked to the same carbon atom, readily 
part with carbon dioxide on the application of heat. In the latter 
case carboxylic acids result, in which each carboxyl surviving is 
attached to a separate carbon atom, e,g , : 

Malonie acid, HOgC'CHa-COjH >■ CO 2 + CHa-COaH. 

The d-ketonic acids behave similarly (p, 466), losing CO* and 
yielding ketones ; 

Acetoaeetic acid, * 

482 


>00* and CHaCO-CHj. 



CARBONIC ACID AND ITS DERIVATIVES 


483 


Monocarboxylio acids or their alkali salts can be deprived of COj 
upon, heating them with NaOH, when it is withdrawn as NagCOa 
(p. 96) : 

CHgCOaNa + NaOH = NaaCOa + CH4. 

The electric current, acting on concentrated solutions of the alkali 
salts of carboxylic acids, splits ojff carbon dioxide (p. 94), e.g . : 

+ 

2CH3CO2K yCH^CHT+lcOa and 2K. 

The calcium salts of many carboxylic acids are decomposed by heat 
with the production of calcium carbonate and ketones (p. 256), e.gr. : 

(CH3C02)2Ca ^CaCOs + CH3COCH3. 

These and similar reactions, in which CO 2 readily separates from 
organic compounds, are of the first importance in the production of 
the different classes of compounds. In contrast to the splitting-off 
of CO 2 in certain reactions we have its absorption by certain organic 
metallic derivatives : nucleus-syntheses, in which carboxylic acids are 
produced : 

CHaMgl H- CO2 = CHaCOaMgl ; CH3C ; CNa 4- CO^ = CH3C : CCOaNa ; 

CaHjONa + COa = (o/. Salicylic AcU, Vol. II). 

Esters of Meiacarbonic Acid, or ordinary Carbonic Acid 

The primary esters of carbonic acid are not stable in a free con- 
dition. They are prepared from the alcohols and carbon dioxide at 
low temperatures (Ber. 31, 3001). 

Dumas and Peligot obtained the barium salt of methyl carbonic 
acid on conducting carbon dioxide into a methyl alcohol solution of 
anhydrous barium hydroxide (Ann. 35, 283). 

Magnesium methoxide combines with CO 2 to form magnesium 
methyl carbonate (Ber. 30, 1836). 

The potassium salt of ethyl carbonic acid, CgHsO-CO-OK, separates 
in pearly scales on adding CO 2 to the alcoholic solution of potassium 
alcoholate. Water decomposes it into potassium carbonate and 
alcohol. 

The neutral esters are formed (1) when the alkyl iodides act on 
silver carbonate ; 

AgaCOg + 2C2H3I - (C2H3)aC03 + 2AgT ; 
also (2) by treating esters of chloroformic acid with alcohols, whereby 
mixed esters may also be obtained: 

CH3OCOCI 4- HOCgHs = CHjO-CO-OCaHs 4- HCl. 

Methyl ethyl carbonate. 

On application of heat, the higher alcohols are able to expel the lower alcohols 
from the mixed esters: 

C3H3OCOOCH3 4* CgHj-OH = C2H5OCOOC2H6 4- CH3OH. 

Methyl ethyl ester. Diethyl ester. 

Hence, to obtain the mixed ester, the reaction must occur at a lower tempera- 
ture. 

As regards the nature of the product, it is immaterial as to what order is 
pursued in introducing the alkyl groups, whether proceeding from chloro- 
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formic ester, we let ethyl alcohol act on it, or reverse the case, letting methyl 
alcohol act on ethyl chloroformic ester ; the same methyl ethyl carbonate results 
in each case (Ber. 13, 2417). 

The neutral carbonic esters are ethereal-smelling liquids, dissolving 
readily in water. Excepting the dimethyl and the methyl ethyl ester, 
all are lighter than water. With ammonia they first yield carbamic 
esters and then urea. When they are heated with phosphorus penta- 
chloride, an alkyl group is eliminated, and in the case of the mixed 
esters this is always the lower one, whilst the chloroformic esters 
constitute the product ; 

CaHgOCOOCHa + PCI 5 = CaHsOCOCl == POCI 3 CH 3 CL 

Carbonic esters are converted to carboxylic esters by alkyl and 
aryl-magnesium haHdes (Ber. 38, 661). 

Methyl carbonate, CO(OCH 3 ) 2 , b.p. 91°, is produced from chloroformic ester 
by heating it wdth lead oxide ; methyl ethyl ester, CH 3 OCOOC 2 H 5 , b.p. 109° ; 
diethyl ester, CO(OC 2 H 5 ) 2 , b.p. 126°, is obtained from ethyl oxalate, on warming 
with sodium or sodium ethoxide (with evolution of CO) ; methyl propyl ester, 
b.p. 131°. 

/OCH2 

Qlycol carbonate, ethylenecarbomte, GO/ | , m.p. 39°, b.p. 236°, is obtained 

^\ 0 CH 2 

from glycol and COClg. 

Derivatives of Orthocarbonic Acid (p. 482) 

Orthocarbonic esters or tetrabasic carbonic esters {Bassett, Ann. 132, 54), are 
produced when sodium alcoholates act on chloropicrin : 

CCl 3 {N 02 ) -f 4 C 2 H 60 Na * CCOCaH^)* 3NaCl -f NaNOj. 

Ethyl orthocarbmiate, €( 002115 ) 4 , b.p. 158°, is a liquid with an ethereal 
odour. When heated with ammonia it yields guanidine (p. 512) and alcohol. 
Alkyl and aryl magnesium halides convert it to ortho-carboxylic esters, 
KC( 0 C 2 H 5)3 (p. 330) (Ber. 38, 563). 

The propyl ester, 0 ( 003117 ) 4 , b.p. 224° ; isobutyl ester, b.p. 245° ; methyl ester, 
m.p. — 5'5°, b.p. 114°, is obtained from chloropicrin and sodium methoxide 
(Ber. 60, 1841). 

The tetrahalogen substitution products of methane can be regarded 
as the halides corresponding with orthocarbonic acid. They bear the 
same relation to the orthocarbonic esters that chloroform, bromoform 
and iodoform sustain to the orthoformic esters. Indeed, tetrachloro- 
and tetrabromomethane and sodium alcoholate do yield orthocar- 
bonio esters, though with poor yield (Ber. 38, 563 : C. 1906, 1. 1691). 
The formation of orthocarbonic esters from trichloromethyl sulpho- 
chioride (p. 490) by means of NaOCgHs, see C. 1908, I. 1041. 

Tetrahalogen Substitution Products of Methane 

Tetrafluoroinetlianc, carbon tetrajluoride, CF 4 , is a colourless gas, condens- 
able by pressure. This body belongs to that small class of carbon derivatives 
which can be directly prepared from the elements. Finely divided carbon, e.g, 
lamp black, combines directly with fluorine, with production of light and heat. 

Tetrachloromethane, carbon tetrachloride, CCI4, b.p. 76°, Do 
= 1’631, is formed (1) by the action of chlorine on chloroform in 
sunlight, or upon the addition of iodine, and (2) by action of Cl on 
CS2 at 20-40°, C2GI4 and C2CI6 being formed at the same time (Ber. 
27, 3160) ; (3) upon heating CSg with S2CI2 in the presence of small 
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quantities of iron : CSj + 2SsClj = CCI 4 + 6 S (D.R.P. 72999). 
Preparation of the pure substance, see C. 1899, II. 1098. 

It is a pleasant-smelling liquid solidifying to a crystalline mass at 
— 30°. It is an excellent solvent for many substances, and is made 
upon a technical scale. When heated with alcoholic KOH, it decom- 
poses according to the following equation ; 

CGI, + 6KOH = KjCOa + 3 HjO + iKCl. 

When the vapours are conducted through a red-hot tube, decomposition 
occurs, and C2CI4 and C2CI4 are produced. This is an interesting reaction because, 
as we have learned under acetic acid (p. 301), it plays a part in the first synthesis 
of this long-known acid. C^Clg is produced from CCI4 by means of aluminium 
amalgam (p. 122). When carbon tetrachloride is digested with phenols and 
sodium hydroxide, phenolcarboxylic acids are produced (Vol. II). 

Tetrabromomethane, CBr4, m.p. 92*5°, b.p. 189°, obtained by the action of 
bromine iodide on bromoform or CSg, or of bromine and alkali on acetone and 
other compounds (C. 1906, I. 1691), crystallizes in shining plates. 

Tetraiodomethane, CI4, D20 == 4*32, is formed when CCI4 is heated with 
aluminium iodide. It crystallizes from ether in dark-red, regular ootahedra. 
On exposure to air it decomposes into COg and I, a change which is accelerated 
by heat. 


Nitro-derivatives of Orthocarbonic Acid 

Nitrochloroform, chloroj^icrin, C(N02)Cl3, b.p. 112°, D© = 1*692, 
is frequently produced in the action of nitric acid on chlorinated 
carbon compounds such as chloral, and also when chlorine or bleach- 
ing powder acts on nitro-derivatives, picric acid and nitromethane ; 
also from mercury fulminate (p. 294) and chlorine. 

In the preparation of chloropicrin, 10 parts of bleaching powder 
are mixed to a thick paste with water. To this is added 1 part of 
picric acid or 2 : 4 : 6-trinitrophenol, C6H2(0H)(N02)3. 

Chloropicrin is a colourless liquid, possessing a very penetrating 
odour that attacks the eyes powerfully. It explodes when heated 
rapidly. When treated with acetic acid and iron filings it is converted 
into methylamine : 

CCl3(N02) + 6H2 = CHa-NHg + 3HC1 + SHgO. 

Alkali sulphites change it to formyl trisulphonic acid, ammonia 
to guanidine, and sodium ethoxide to orthocarbonic ester. 

Bromopicrin, CBr3(N02), m.p. 10°, can be distilled under ^eatly reduced 
pressure without decomposition, and is formed, like the preceding chloro-com- 
pound, by heating picric acid with calcium hypobromite (calcium hydroxide 
and bromine), or by heating nitrQmethane with bromine (p. 181). It is obtained 
in good yield by the action of bromine on aqueous picric acid in presence of 
sodium carbonate in sunlight. By the action of 50 per cent, potassium hydroxide 
it yields the yellow, explosive dipotassium derivative of 5-tetranitroethane 
(J.C.S. 123, 543). It closely resembles chloropicrin, 

Bromonitroformf tetranitromethine and the salts of the nitroforms, which 
belong here, have already been described among the nitroparaffins (p. 186). 

Chlorides of Carbonic Acid 

As a dibasic acid, carbonic acid theoretically forms two acid 
chlorides. Of these, the monochloride, CbCOOH, does not exist in 
the free condition, although derivatives such as esters are known. 
The dichloride, CbCO-Cl (phosgene), is capable of separate existence. 

(1) Chlorocarbonic Esters {Chhroformic Esters). — ^The primary 
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chloride of carbonic acid, chlorocarbonic acid, is not known, because 
it loses HCl too easily. Its esters are, however, known, and are 
produced when alcohols act on phosgene or carbon oxychloride, the 
secondary chloride of carbonic acid (Dumas, 1833). They are often 
called chloroformic esters, because they can be regarded as esters of 
the chlorine substitution products of formic acid : 

COCI2 + C2H5OH = acOOCjHg + HCl. 

They are most readily prepared by introducing the alcohol into 
liquid and strongly cooled phosgene (Ber. 18, 1177). They are vola- 
tile, disagreeable-smelling liquids, decomposable by water, and when 
heated with anhydrous alcohols they yield the neutral carbonic esters ; 
with ammonia they yield urethanes (p. 491) ; with hydrazine, hydrazi- 
carbonic esters (p. 603) ; with ammonium azide, azidoformic esters 
(p. 503). They contain the group COCl, just as in acetyl chloride ; 
hence they behave like fatty-acid chlorides. 

The methyl ester, Cl-COaCHg, b.p. 714®; ethyl ester, b.p. 93°, Djg = 1*14; 
propyl ester, b.p, 115° ; isobutyl ester, b.p. 128*8° ; isoamyl ester, b.p. 154° (Ber. 
13, 2417: 25, 1449); allyl ester, b.p. 180° (Ann. 302, 262). 

Per chlorocarbonic ethyl ester, CbCOOCaCls, m.p. 26°, b.p. 83°/10 mm., b.p. 
209°/760 mm., D = 1*737, is isomeric with perchloroacetic methyl ester (p. 335 : 
Ann. 273, 56). 

CUorocarbonate of glycoUic ester, ChCO’OCHaCOaCaHB, b.p. 182°. Chloro- 
carbonate of lactic ester, CH3CH(0C0C1)*C08C2H5, b.p. 91°/19 mm. (Ann. 302, 
262). 

(2) Carbonyl chloride, phosgene, carbon oxychloride, COCl 2 , b.p. 
8 ®, was first obtained by Davy, in 1812, by the direct union of CO 
with Cl 2 in sunlight ; hence the name phosgene, from <poo^, light, and 
ymam, to produce. It is also formed by conducting CO into boiling 
SbClg, and by oxidizing chloroform by air in the sunlight or with 
chromic acid : 

2CHCI3 + CrOg + 20 = 2COCI2 + HaO -f CrOgCla. 

Phosgene is most conveniently prepared from carbon tetrachloride 
(100 c.c.), and 80% “ Oleum ” (120 c.c.), a sulphuric acid containing 
SO 3 (Ber. 26, 1990), when the SO 3 is converted into pyrosulphuryl 
chloride, S 2 O 5 CI 2 . 

Technically it is made by conducting CO and Cl 2 over pulverized 
and cooled bone charcoal (Patemd)\ 

Carbonyl chloride is a colourless gas, which on cooling is condensed 
to a liquid. 

Reactions, — ( 1 ) Water slowly breaks it up into 00 2 and 2 HCL (2) 
Alcohols convert it into chlorocarbonic and carbonic esters. (3) With 
apmonium chloride it forms urea chloride. (4) Urea is produced 
when ammonia acts on it. Phosgene is employed in numerous 
nucleus-s 3 mthetic reactions, c.p, it is used technically for the prepara- 
tion of di- and tri-phenylmethane dye-stufEs (see Tetramethyldiamino- 
benzophenone, Vol 11). 

Carbonyl bromide, COBr^, b.p. 64-65°, sk 2*45, is prepared from carbon 
tetrabromide and concentrated sulphuric acid, at 150-160°, It is a colourless 
liquid which fumes in the air (Aim. 345, 334). 

Carbonyl fluoride, COP*, has not been obtained pure ( J. pr. Chem. [21 

101, 79). iT X r t j 
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Sulphur Derivatives of Ordinary Carbonic Acid 


By supposing the oxygen in the formula CO(OH )2 to be replaced 
by sulphur, there result : 


1 Thiocarbonic acid. 

1. Carbonthiolic acid. 



Sulphocarbonic acid. 
Carbonthionic acid. 


3. C0<4i 


Dithiocarbonic acid. 
Carbondithiolic acid. 


4. CS<S| 


Sulphothiocarbonic acid. 
Carboadlthioic acid. 


6. CS<|| 


Trithicarbonic acid. 


The doubly-linked S is indicated in the name by sulph or thion, 
whilst it is termed thio or thiol when singly linked. 

The free acids are not known, or are very unstable, but numerous 
derivatives, such as salts, esters and amides, are known. Carbon 
oxysulphide, COS, is the anhydride or sulphanhydride corresponding 
with thiocarbonic acid, sulphocarbonic acid and dithiocarbonic acid. 

Carbon disulphide, CS 2 , sustains the same relation to sulphothio- 
carbonic acid and trithiocarbonic acid that carbon dioxide does to 
ordinary carbonic acid, while phosgene corresponds with thiophosgene, 
CSCI 2 . 

Carbon oxysulphide, COS (1867 0. v. Than, Ann. Spl. 5, 245), occurs in 
some mineral springs as, for example, in the sulphur waters of HarkAny and 
Parad in Hungary, and is formed (1) by conducting sulphur vapour and carbon 
monoxide through red-hot tubes ; ( 2 ) on heating CS 2 with SO 3 ; ( 3 ) by the 
action of COCla on CdS at 260-280® (Ber. 24, 2971) ; (4) by the action of fatty 
acids (p. 322) ; or ( 6 ) sulphuric acid, diluted with an equal volume of water on 
potassium thiocyanate, HSNC 4 - H 2 O = COS -f NH 3 (Ber. 20, 550). 

In order to obtain it pxire (Ber. 36, 1008) the gas may be conducted into an 
alcoholic potassium hydroxide solution, and ( 6 ) the separated potassium ethyl 
thiocarbonate, C2H5OCOSK, decomposed with dilute hydrochloric acid. 

Carbon oxysulphide is a colourless gas, with a faint and peculiar odour. 
It inflames readily, and forms an explosive mixture with air. It is soluble in 
an equal volume of water, and in 6 volumes of toluene at 14°. It is decomposed 
by the alkalis according to the following equation; 

COS + 4KOH = K 2 CO 3 -f K 2 S + 2 H 2 O. 

When heated to high temperatures it decomposes according to the equations 
(Ber. 52, 681) : 

(i) 2 COS 2 CO + S 2 ; (ii) 2COS > CO 2 + CSa* 

Carbon disulphide, CSg, b.p. 47®, Do 1*297, was first obtained in 
1796 by Ijumpadius, when he distilled pyrites with carbon. It is pre- 
pared by conducting sulphur vapour oyer ignited charcoal, and is one 
of the few carbon compounds which can be prepared by the direct 
nnion of carbon with other elements. It is a colourless liquid with 
strong refractive power. It is obtained pure by distilling the com- 
mercial product over mercury or mercuric chloride ; its odour is then 
very faint. It is almost insoluble in water, but mixes with alcohol 
and ether. It serves as an excellent solvent for iodine, sulphur, 
phosphorus, fatty oils and resins, and is used in the vulcanization of 
rubber. In the cold it combines with water, yielding the hydrate 
2 CS 2 + H 2 O, which decomposes again at — 3®. 

Small quantities of carbon disulphide are detected by conversion 
into potassium xanthate, by means of alcoholic potassium hydroxide, 
from which the copper salt is obtained. The production of the bright- 
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red compound of CSg with triethylphosphine (p. 207, and Ber. 13 , 
1732) is a more delicate test. Comp, also the mustard-oil reaction, 
p. 526. 

HgS and CSg conducted over heated copper yield methane (p. 92). 
Carbon disulphide is fairly stable towards dry halogens, so that it is 
frequently used as a solvent in adding halogens to unsaturated carbon 
compounds. 

However, moist chlorine gas converts CSg into thiocarbonyl chloride, 
CSClg, and in the presence of iodine into CCI 3 SCI, perchloromethyl 
mercaptan and SgCla ; finally into CCI 4 (p. 484). Alcoholates change 
it into xanthates. 

Thiocarbonic Acids. — ^The salts and esters of all these acids, 
which when free are exceedingly unstable, may be produced ( 1 ) by 
the union of the anhydrides, CO 2 , COS, CSg, with (a) the sulphides 
of the alkali and alkali earth metals, ( 6 ) the mercaptides of the alkali 
metals, (c) and of the last two with alcoholates ; ( 2 ) by the trans- 
position of the salts thus obtained with alkyl halides and alkylene di- 
halides ; ( 3 ) by the action of alcohols and alcoholates, mercaptans 
and alkali mercaptides on COCI 2 , C 1 *C 02 C 2 H 5 (p. 485), CSCI 2 and 
C1-CS2C2H5 (p. 490). 

Mono thiocarbonic Acids. 

1. Ethyl thiocarbonic acid, ethyl carbon -monothiolic acid, HS CO- 

OC2H5. The potassium salt (Bender's salt), KS-COOC2H5, is obtained (1) from 
ethyl xanthic esters and alcoholic potassixim hydroxide (p. 489), and (2) from 
carbon oxysulphide and alcoholic potassium hydroxide (J. pr. Chem. [2] 73, 242). 
It forms prisms, easily soluble in water and alcohol, and produces a white pre- 
cipitate with copper sulphate. With ethyl iodide its salt forms B-ethyl thio- 
carbonate, CaHgS-COOCgHg, b.p. 156°, which can also be prepared from chloro- 
carbonic ester, CICOOC2H5, and sodium or zinc mercaptide. Alkalis decom- 
pose it into carbonate, alcohol and mercaptan (Ber. 19, 1227). Thiodicarbonic 
ester, S(COOC2H5)2, b.p. L18°/22 mm., is produced from chlorocarbonic ester 
and NagS (J. pr. Chem. [2] 71, 278). 

2. Sulphocarbonic acid, carhonthionic acid, HOCSOH. Its ethyl ester, 
CS(0'C2H5)2, b.p. 161°, is produced by the action of sodium alcoholate on thio- 
carbonyl chloride, CSClg, and in the distillation of S2(CSOC2H5) . It is an ethereal- 
smelling liquid. With alcoholic ammonia the ester decomposes into alcohol and 
ammonium thiocyanate, CN'S-NH^. 

Bithiocarbonic Acids. 

3. Ditliiocarbonic acid, carbon-dithiolic acid, CO(SH)2. The free acid is 
not known. 

The methyl ester, COO-CHala, b.p. 169°, and ethyl ester, CO(S-C2H5)2, b.p. 196°, 
result (1) when COClg acts on the mercaptides : 

COCI2 + 2C2H5-SK = C0(S-C2H5)2 + 2KC1 ; 
and (2) when thiocyanic esters (p. 525) are heated with concentrated sulphuric 
acid : 

2CN-S-CH3 + 3 H 2 O = C0(S-CH3)2 + COg -f 2 NH 2 . 

(3) from iniido-dithio-earbonic ester (p. 506) and dilute hydrochloric acid (C. 
1905, I. 447) : 

RN : C{SCH3)2 + H 2 O = 0C(SCH3)2 + RNHg. 

They are liquids with an odour of garlic. Alcoholic ammonia decomposes 
them into urea and mercaptans : 

C0{S‘C2H5)2 + 2NH3 C0(NH2)2 + 2C2H5-SH. 

/S—CHa 

Dithiocarbonic ethylene ester, | , m.p, 310°, is produced from 


triihiocarbonic ethylene ester. 
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4. Sulphothiocarbonic acid, carbonditMoic acid, HO*CS'SH, does 
not exist free. The xanthates or xanthogenates, R*0’C*SSillf, dis- 
covered by Zeise in 1824, are derived from it. 

The xanthogenates are produced by the interaction of CS 2 and alkali 
hydroxides in alcoholic solution — e.gr. potassium xanthate, consisting 
of yellow, silky needles, which crystallize : 

CS3 + KOH + CgHg-OH = CgHsOCSSK + Kfi, 

Potassium ethyl xanthate. 

Cupric salts precipitate yellow cuprous salts from solutions of the 
alkali xanthates together with disulphides SalCSOR).^ (cf. Ber. 38, 
2184 : C. 1908, I. 1092). The acid owes its name, $av66g, yellow, 
to this characteristic. 

By the action of alkyl iodides on the salts the esters are formed. 
The latter are liquids possessing an odour of garlic, and are not 
soluble in water. Ammonia decomposes them into mercaptans and 
esters of sulphocarbamio acid (p. 505) : 

OaHjOCS-SCaHs + NH3 = CaHsOCS-NHa + CaH^SH. 

Alkali alcoholates cause the production of mercaptan and alcohol, 
and salts of the alkyl thiocarbonic acids (p. 488) (Ber. 13, 530) : 




CaHjOH 

aH.SH 


+ CO< 


OCH 3 
SK * 


Ethylxanthogmic acid, C 2 H 5 OCSSH, is a heavy liquid, nofc soluble in water. 
It decomposes at 25° into alcohol and CSg. 

Sulphocarboxethyl disulphide, (S*CS‘ 0 *C 2 H 5 ) 8 , m.p. 28°, is produced on add- 
ing a solution of iodine or copper salts to potassium xanthate (see above). 

Ethyl ethylxanthogenate, C 2 H 6 * 0 ‘CS-S-C 2 H 5 , b.p. 200°, is a colourless oil. 

Methyl xanthic ethyl ester, CH 3 OCSSC 2 H 6 (C. 1906, II. 502), b.p. 184°, and 
ethyl xanthic methyl ester, CgHs-O-CS-S'CHg, b.p. 184°, are distinguished by their 
behaviour towards ammonia and sodium alcoholate (see above). 

Ethylene xarvthic ester, C 2 H (SCSOC 2 H 5 ) 2 , is decomposed by alkalis into the 
cyclic trithiocarbonic ethylene ester (p. 488) and Bender" s salt (p. 488) (Ber. 
38, 488). Ethylxanthogenyl formic ester, C 2 H 50 CS(SC 00 C 2 H 5 ), b.p. 133°, 
and ethylxanthogenyl acetic acid, C 2 H 20 CS(SCH 2 C 00 H), m.p. 58°, are formed 
from a xanthate and ehloroformic ester and chloroacetic ester respectively 
(J. pr. Chem. [2] 71, 264). 


5. Trithiocarbonic acid, CS(SH) 2 , is precipitated by hydrochloric 
acid as a reddish-brown, oily liquid, from solutions of its alkali salts, 
which are the products of interaction between carbon disulphide and 
alkali sulphide. It is insoluble in water and is very unstable. CS 2 
and alkaline solutions of copper form well-crystallizable double salts, 
CSaCuK, CS 3 Cu(NH 4 ) (Ber. 35, 1146). Other salts, such as CSs-Ba, 
see C. 1907, I. 539: J. pr. Chem. [2] 73, 245. 


The alkali salts of the trithiocarbonic acids, reacting with the corresponding 
halogen compound, give rise to the following esters : Trithiocarbonic methyl 
ester, CS{SCH 3 ) 2 , b.p. 204-205°, Ethyl ester, CS{SC 2 H 5 ) 2 , b.p, 240° (decomp.). 

/SCH 2 

Trithiocarbonic ethylene ester, CS^ | , m.p. 39-5°, is converted by oxida* 

\SCH2 

tion with dilute nitric acid into dithioearbonic ethylene estoi* (p. 488) (Ann, 
126, 269). 

Thiocarbomjl dithior/IycoUic add, SC(SCH 2 COOH) 2 , m.p. 172°, is formed 
from potassium trithioearbonate and chloroacetic acid. Oxidation converts it 
into carbonyl dithiofjlycollic acid, OC(SCH.>COOH).,, m.p. 156° (J. pr. Chem. [2] 
71, 287). 
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Chlorides of the sulphocarbonic acids : thiophosgene, thiocarbonyl 
chloride., CSClg, b.p. D = 1-508, is produced when chlorine acts on carbon 
disulphide, and when the latter is heated with PCI 5 in closed tubes to 200° : 

CSa + PClfi = CSCI2 + PCI3S. 

It is most readily obtained by reducing perchloromethyl mercaptan, CSCI 4 
(below), with stannous chloride, or tin and hydrochloric acid (Ber. 20, 2380 : 
21 , 102 ); 

CSCI4 + SnClj = CSCI2 + SnCl*. 

This is the method employed for its production in large quantities. 

It is a pungent, red-coloured liquid, insoluble in water. On standing exposed 
to sunlight it is converted into a polymeric, crystalline compound, C 2 S 2 CI 4 
= Ci-GS-S-CCls, methyl perchlorodithioformate, m.p. 116°, which at 180° reverts 
to the liquid body (Ber. 26, R. 600). Water decomposes thiophosgene into CO 2 , 
H^S and 2HC1, whilst ammonia, converts it into ammonium thiocyanate (p. 524). 

Thiocarbonyl chloride converts secondary amines (1 molecule) into dialkyl 
sulphocarbamic chlorides ; 

CSa, + NH(OaH5)C5H5 = Cl-CSNC^# + HCl. 

A second molecule of the amine produces tetraalkyl thioureas (Ber. 21, 102). 

Phosgene and thiophosgene, when acted on by alcohols and mercaptans, 
yield sulphur derivatives of chlorocarbonic ester. 

Chlorodithiocarbonic ethyl ester, C 1 -CSSC 2 H 5 , b.p. 90°/10 mm. (Ber. 37, 3773). 

Sulphur Derivatives of Qrthocarbonic Acid 

Perchloromethyl mercaptan, CClg-SCl, b.p. 147°, results from the action of 
chlorine on CSg. It is a bright yellow liquid. Stannous chloride reduces it 
to thiophosgene. Nitric acid oxidizes it to 

Trichloromethanesulphonic chloride, CC 15 -S 02 C 1 , m.p. 135°, b.p. 170°, which 
can also be made by the action of moist chlorine on CS 2 . It is insoluble in 
water, but dissolves readily in alcohol and ether. Its odour is like that of 
camphor, and excites tears. Water changes the chloride to 

Trichloromethanesulphonic acid, CCla-SOsH + HgO, consisting of deliquescent 
crystals. By reduction it yields dichloromethanesulphonic acid, monochloro- 
methanesulphonic acid, and CHg-SOaH (p. 176). 

Dibromomethane diethyl sulphone, CBr 2 (S 02 C 2 H 5 ) 2 , m.p. 131°, and diethyU 
sulphone diiodomethane, Cl 2 (S 02 C 2 H 6 ) 2 , m.p. 176°, are formed from methane 
diethyl sulphone by the action respectively of bromine water or iodine in potas- 
sium iodide, or from the potassium derivative of methane diethyl sulphone and 
iodine (Ber. 30, 487). 

Potassium diiodomethanedisitlphonode, Cl 2 (S 03 K) 2 i and potassium iodo- 
methanedisulphonate, CHI(S 08 K) 2 , are produced when potassium diazomethane 
disulphonate is decomposed with iodine and with hydrogen iodide. Sodium 
amalgam reduces both bodies to methanedisulphonic acid (p. 247). 

MethanoUrisulphonic acid, H 0 *C(S 03 H) 3 . The potassium salt (+ IH 2 O) is 
obtained by heating the addition product of potassium hydrogen sulphite and 
potassium diazomethanedisulphonate with acids, or from the phenylhydrazone 
derivative of potassium methanedisulphonate (p. 247) (Ber. 29, 2161). 

Amides of Carbonic Acid 

Like other dibasic acids, carbonic acid forms two amides. The 
monoamide, carbamic acid, NHg-COOH, does not exist in the free 
condition, bnt derivatives such as the esters, NHg’COOR, urethanes, 
and the acid chloride, NHaCOCl, “ urea chloride,*’ are known. The 
diamide, NHg-CO'NHa, is the well-known substance urea. 

Carbamic acid, amimformic acid, HgN'COOH, is not known in 
a free state. Its ammonium salt, NH 2 -CO-ONH 4 , is contained in 
comneroial ammonium carbonate, when this is prepared by the direct 
union of two molecules of ammonia with one of carbon dioxide. It 
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is a white mass which breaks up at 60® into 2 NH 3 and CO 2 , which 
combine again upon cooling. By the absorption of water it changes 
into ammonium carbonate. When ammonium carbamate is heated to 
130-140® in sealed tubes, water is withdrawn and urea, C 0 (NH 2 )j, 
formed. For other salts of carbamic acid, see J. pr. Chem. [2] 16, 1^. 

The esters of carbamic acid are called urethanes ; these are obtained 
( 1 ) by the action of ammonia at ordinary temperatures on carbonic 
esters : 

OaHsO-CO-OCaHs + NH3 = CaH^O-CO-NHa + CaH^OH ; 

and ( 2 ) in the same manner from the esters of chloroformio and 
cyanoformic acids : 

CaHsOCO-Cl + 2 NH 3 = CaHgOCO-NHa + NH.Cl, 

CaHgOCO-CN + 2NH3 = CaHsOCO-NHa + CN-NHi. 

Also (3) by conducting cyanogen chloride into the alcohols : 

N : CCl + 2CaH5-OH = HaN-COOCgHs + CaHsOl ; 

(4) by the direct union of cyanic acid with the alcohols : 

NH : CO + CaHg-OH = HaN-COOCaHj. 

When an excess of cyanic acid is employed, allophanic esters are 
also produced (p. 501) ; 

(5) from urea chloride and the alcohols. 

The methanes are crystalline, volatile bodies, soluble in alcohol, 
ether and water. Sodium acts on their ethereal solution with the 
evolution of hydrogen ; in the case of urethane it is probable that 
sodium urethane, NHNa’COOCaHg or NH : C(ONa)OC 2 H 5 (Ber. 23, 
2785), is produced. Alkalis decompose them into CO 2 , ammonia and 
alcohols. They yield urea when heated with ammonia : 

HgNCO-OCaHfi + NHj = HaNCO-NHg + CaHgOH. 

Conversely, on heating urea or its nitrate with alcohols, the 
urethanes are regenerated (C. 1900, II. 997). 

Carbamic esters. — Ethyl e^fcr, urethane, NH 2 CO 2 C 3 H 6 , m.p. 50®, b.p. 184®, 
crystallizes in large plates j methyl ester, m.p. 50®, b.p. 177® ; propyl ester, m.p* 
63®, b.p, 196®, 

Urethane is successfully employed as a soporific ; but is surpassed in this 
characteristic by higher esters, such as methylpropylcarbinyl carbamate, Hedonal, 
NH 2 C 00 CH(CH 8 )(C 3 H 7 ), m.p, 76®, b.p. 215® (C. 1900, I. 1208 : H. 997 : 1901, 
I. 1302) ; allyl ester, NH 2 COOC 3 H 5 , m.p. 21®, b.p. 204®. 

Acetylurethanc, CHgCO’NHCOgCgHg, m.p. 78®, b.p. 130°/72 mm., is obtained 
from acetyl chloride and urethane. Hydrogen in it can be replaced by sodium. 
Alkyl iodides acting on the sodium compound produce alhylacetylurethanes 
(Ber. 25, R. 640). When heated to 150® with urea, acetyl urethane passes into 
acetoguanamide, or methyl dioxytriazine, and with hydrazine it yields the 
triazolones (Ann. 288, 318). 

Ghloro* and bromo-acetylurethanes, a-bromopropionylurethanes, etc., result 
from the action of sodium methane on halogen fatty-acid esters (Ber. 38, 297). 

Carbamylglycollic ester, NHaCODCHgCOaCgHs, m.p. 61®, and carbamyUactic 
ester, m.p. 65®, are obtained from the corresponding chloro -compounds (p. 486). 

Alkyl urethanes. — ^The esters of alkylcarbamic acids are formed, 
like the urethanes, by ( 1 ) the action of carbonic or ( 2 ) chlorocarbonio 
esters on amines ; and (3) on heating isoojamc esters (p. 519) with 
the alcohols to lOO® : 

CO : NCgH, 4 - C3H4OH = CgHjlSIHUOOCjH*. 



492 


ORGANIC CHEMISTRY 


The esters of phenylcarbamic acid (phenylurethanes), CgHsNH*- 
COOR, which are obtained from phenyl ^^ocyanate and alcohols, are 
frequently of great value in identifying hydroxylic compounds as 
they are well-defined crystalline compounds. (4) By the interaction 
of the chlorides of alkyl ureas and the alcohols ; (5) when alcohols 
act on acid azides (p. 324). 

RCONg + C2H5OH = RNHCOOCaHg + 

Methylurethane^ methyl carbamic ethyl ester, CH3*HNCOOC3H5, b.p. 170® 
(Ber. 28, 855 : 23, 2785), can also be prepared from sodium urethane and iodo- 
methane. 

Ethylurethane, ethyl carbamic ethyl ester, C2H5HNCOOC2H5, b.p. 175°. 

Ethyleneuretkane, OaHsOCONHOHaOHaNHCOOCgHg, m.p. 113°, is formed 
from ethylene diamine and CICO2C2H5 (Ber. 24, 2268). 

Hydroxyethyl carbamic anhydride, OCHaCHa’NHCO, m.p. 90°, is prepared 
from bromo-ethylamine hydrobromide, and silver or sodium carbonate (Ber. 
30, 2494). 

Alkylidene Urethanesand Diurethanes . Hydroxymethylurethum, HOCH 2- 
NHCOgCaHg, is prepared from glycollic acid azide and alcohol (Ber. 34, 2795). 
Methylenediurethane, CH2(NHCOaC2H5)2, m.p. 131°, is produced from urethane, 
formaldehyde, and a little hydrochloric acid ; when heated with more acid and 
acetic anhydride there is formed anhydrojormaldehyde urethane, (CHg :NC02C2H5)a, 
m.p. 102° (Ber. 36, 2206). 

Ethylidenediurethane, CH3CH(HN'COOC2H5)2, m.p. 126°, is prepared from 
urethane and acetaldehyde ; it crystallizes in shining needles (Ber. 24, 2268). 

Chloralurethane, CCl3*CH(OH)NHCOaC2H5, m.p. 103°, is formed from ure- 
thane and chloral. Acid anhydrides convert it into trichloroethylideneuretham, 
CCls-CH : NOOOC2H5, m.p. 143° (Ber. 27, 1248). 

Diureihaneglyoxylic acid, (C2H50C0NH)2CHC0aH, m.p. 160° ; ethyl ester, 
m.p. 143°, is prepared from glyoxylic ester, urethane and hydrochloric acid 
(C. 1906, IL 598). 

Carbamic acid derivatives of the aminocarboxylic acids and peptides are of 
importance in the identification and synthesis of the latter bodies (p. 446). 
(1) Their Ca and Ba salts are obtained from the amino-acids in solutions of 
the alkali earths by the passage of COg as more or less soluble crystalline 
precipitates : 

CH2NH2 CHa-NH-CO 

I -f Ba(OH)2 + CO2 ^ 1 I 

COOH C02Ba-~0. 


They readily decompose, re-forming the ammo-acid (Ber. 39, 397 : C. 1908, 
I. 1287). 

(2) Esters are prepared from chloroformic esters and alkaline solutions 
of amino-acids or their esters. 

Carhethoxyglycine, CgHgO'CONHCHgCOOH, m.p. 75° ; ethyl ester, m.p. 28°, 
b.p. 126°/12 mm, 

Carbomethoxyglycine, CH3OCONHCH2CO2H, m.p. 96° ; 'ethyl ester, b.p. 
128°/13 mm. Thionyl chloride converts these acids into unstable chlorides, 
EOCONHCHgCOCl, which, on warming, give ofi alkyl chloride and are changed 
into glycine-l^-carhoxylic anhydride : 

CH,OCONHCHaCOCl ► icONHCHaio. 

The anhydride, treated with ice-cold barium hydroxide solution, yields the 
same compound as is obtained from the barium hydroxide solution of glycine 
when treated with COg. The anhydride on being heated lo.ses COg and poly- 
merizes to glycine anhydride, (NHCHgCO)„ (Ber. 39, 857). Leucme-'^ -carboxylic 

anhydride, OCONHCH(C4H9)CO, m.p. 49° (Ber, 41, 1725). 

Carbethoxyalanine, C2H30C0NHCH(CH3)C00H, m.p. 84° ; ethyl ester, 
b.p. 123°/10 mm. (Ann. 340, 127). 

Cwrbethoxyglycylglycine ester, CiHsOCO-NHCHjCONHCHaCOOCaHs, m.p. 
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87®, is obtained from glycylglycine ester (p. 447) and ClCOgR ; or from car- 
bethoxyglycine chloride (see above) and glycine ester. Hydrolysis liberates 
the free, dibasic tp-glycylglycinecarboxylic acid, m.p. 208® (decomp.). The 
remarkable solubility of this compound points to its being a ring compound of 
IS" H“~“CH2'v 

the formula | >C =NCH2*COOH. It yields a diethyl ester, m.p. 

(H0)2C o/ 

149®, isomeric with the original carbethoxyglycylglycine ester, and a stable 
Ba salt, which is different from the unstable salt of the true glycylglycine acid, 
prepared from glycylglycine, barium hydroxide and COg (Ber. 40 , 3235), 

Diglycylglycinecarhoxylic acid and triglycylglycinecarboxylic acid behave 
similarly (Ber. 36, 2094). 

Nitroso- and Nitro-urethanes are of interest, partly on account of their 
connection with the diazo- bodies (pp. 251, 458). 

Nitrosocarbamic methyl ester, NO-NHCOaCHg, m.p. 61® (Ann. 302 , 251). 
Nitroaour ethane, N0‘NHC02C2H5, m.p. 51®, with decomposition, is formed by 
reduction of ammonium nitro -urethane with glacial acetic acid and zinc dust 
(Ann. 288, 304). The salts of these esters probably are derived from the formula 
HO-N : NCO2R (Ber. 32 , 3148 : 35 , 1148). 

'N-Methylnitrosourethane, ON‘N(CH3)COaC2H5, is prepared from methyl 
urethane and nitrous acid. It is a liquid, which with alkalis yields diazo- 
methane (p. 251) with the intermediate formation of CHaN : NOK. 

Nitrocarbamic methyl ester, NOa'NHCOaCHj, m.p. 88® (Ann. 302 , 249). Nitro- 
urethane, NOa-NHCOaCgHg, m.p. 64®, results from the action of ethyl nitrate 
on a cold solution of urethane in concentrated sulphuric acid. It is easily soluble 
in water, very easily in ether and alcohol, but with great difficulty in. ligroin. 
It shows a strongly acid reaction, whilst its salts are neutral : ammonium nitro- 
urethane, N02N(NH4i)C02C2H5 ; potassium nitrourethane, NOaNK-COaCaHg 
(Ann. 288 , 267). 

Nitrocarbamic add, NOa’NH-COaH, liberated from its potassium salt by 
sulphuric acid at 0°, decomposes into CO2 and nitramide, NOgNHg, m.p. 72-85®. 
This is isolated by means of ether. Potassium nitrocarbamate, NOgNHCOgK, 
results when potassium nitrourethane is treated with potassium hydroxide in 
methyl alcohol. It crystallizes in ffiie white needles. 

N-Methylniirour ethane, N02*N(CH8)C02C2H5, is formed from silver nitro- 
urethane and iodomethane ; also from methylurethane. It is a colourless, 
pleasantly-smelling oil. It is decomposed by ammonia into methylnitramine 

(p. 201). 

Urea chlorides, carbamic acid chlorides, are produced by the 
interaction of phosgene gas and ammonium chloride at 400° ; by action 
of COCI 2 on the hydrochlorides of the primary amines at 260-270°, 
and also on the secondary amines in benzene solution (Ber, 20 , 858 ; 
21 , R. 293) : 

COCI2 + NHa-HCl = CICONH2 + 2Hpi. 

Carbamyl chloride, urea chloride, chloroformamide, ChCONHg, m.p. 50®, 
b.p. 61-62®, when it dissociates into hydrochloric acid and fsocyanic acid, HNCO. 
The latter partly polymerizes to cyamelide. Urea chloride undergoes a like 
change on standing. 

Methylcarhamyl chloride, ClCONH-CHg, m.p. 90®, b.p. 94®. Ethylcarbamyl 
chloride, ClCONH-CgHs, b.p. 92®. 

These compounds boil apparently without decomposition, but actually suffer 
dissociation into hydrochloric acid and f^ocyanic esters, which I'eunite on 
cooling : 

CONCH3 + HCl = CbCONH-CHa. 

Dimethylcarbamyl chloride, Cl*CON(CH3)2, b.p. 167® C., yields tetramethyl- 
oxamide by the action of sodium. 

Diethylcarhamyl chloride, Cl-CON(C2H5)2, b.p. 190-195®, is obtained from 
diethyl oxamic acid by means of PCI5. 

Reactions, — (1) The urea chlorides are decomposed by water into OOj and 
ammonium chloride. (2) They yield urethanes with alcohols. 
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(3) With anaides they form alkylureas : 

HjNCOCl + 2 CjH5-NHs = HjNCONHCisH, + CjHsNHj-HCl. 

(4) With benzene and phenol ethers in the presence of AlCl, they yield 
aromatic acid amides : 

CICO-NH, + C,H, -^C.HsCONHj + HCl. 

Carbamide, urea, m.p. 132-133°, was discovered by v. 

Rouelle in urine in 1773, and was first synthesized from ampionium 
isocyanate by Wohler in 1828 (Pogg. Ann. (1826) 3, 177 : (1828) 
12, 263). This brilliant discovery showed that organic as well as 
inorganic elements could be built up artificially from their elements. 

TJrea occurs in various animal fluids, chiefly in the urine of mam- 
mals, and can be separated as nitrate from concentrated urine on the 
addition of nitric acid. It is present in small quantities in the urine 
of birds and reptiles. A fuU-grown man voids upon an average diet 
about 30 grams of urea daily. The formation of this substance is 
due to the decomposition of proteins. 


Coitutitution of Urea, — ^Urea is usually represeuted by the “ carbamide ” 
formula, NH 2 *CO*NH 2 , but Werner (Chemistry of Urea, London, 1923) has put 

✓NH3 

forward the alternative formula NH : Of | to represent the “ static ” formula 

of urea and NH 2 *C(==NH)*OH to represent it in its reactive form. 

It is impossible to reproduce briefly the arguments which have been adduced 
in support of this formulation, but the following examples may show some of the 
difficulties inherent in the carbamide formula. The methods of formation of 
urea (3) and (4) on p. 495 which are usually represented as examples of ordinary 
amide formation are interpreted otherwise by Werner. They do not, in actual 
fact, take place like the formation of an amide. For instance, the formation 
of urea from ethyl carbonate and ammonia requires heating in a sealed tube, 
whereas the formation of acetamide from ethyl acetate takes place readily at 
ordinary temperature, while from carbonyl chloride and ammonia, urea is, 
indeed, formed, but only slowly and in 30-40 per cent, yield, accompanied by 
large amounts of the by-products biuret, ammelide and cyanuric acid, whereas 
the reaction between acetyl chloride and ammonia is a very violent one, the 
acetamide produced being accompanied by inappreciable amounts of by-product. 
These results, and the actual findings in other syntheses of urea, can be explained 
by assuming the intermediate formation of cyanic acid, HNCO, which then 
combines with ammonia to form urea, as in Wohler’s synthesis. 

Similarly, the breakdown of urea by nitrous acid is usually represented as 
in (3) (p. 496), as a simple decomposition into nitrogen and water, but in actual 
fact the reaction takes place difierently. It does not occur in the presence of 
pure nitrous acid, but a strong mineral acid is required to convert the urea into 
a salt before reaction can occur, the volume of nitrogen evolved is not that cor- 
responding to the urea calculated according to equation (3) and the ratio COg ; N* 
is not 1 : 2. Further, cyanic acid can be isolated in large quantity as its silver 
salt from the products of reaction. These changes are represented by Werner 
as follows: 


HN 



+ HX 


> HN 


\OH 


HN : + HNO, HNCO + Nj + 2H80 + HX, 

For further consideration of these and other reactions of urea, Werner’s 
book should be consulted. 

It shouM be noted, however, that the cyclic formula is very difficult to visualize 
on the basis of the modem electronic theory, as nitrogen does not appear capable 
of more than four covalent links. 
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Formation, — ^Urea is obtained by the following methods : 

(1) By evaporating the aqueous solution of ammonium isocyanate, 
when an atomic tr^^nsposition occurs (Wohhr) : 

CO I N-NH4 ► C 0 (NH 2)2 

Mixed aqueous solutions of potassium cyanate and ammonium 
sulphate (in equivalent quantities) are evaporated ; on cooling, 
potassium sulphate crystallizes out and is filtered ofi, the filtrate 
being evaporated to dryness, and the urea extracted by means of 
hot alcohol. This is also a reversible process. On heating a A^/10 
urea solution for some time to 100°, 4% to 5% of the urea will be 
changed to ammonium cyanate (Ber. 29, R. 829 : C. 1903, I. 139). 

(2) When a solution of carbon monoxide in ammoniacal cuprous 
chloride solution is heated, copper is precipitated and urea is formed 
(C. 1899, I. 422) : 

CO -f 21SrH3 + Cu^Cla = CO(NH2)2 + 2 HC 1 -f- 2 Cu. 

It is also formed by the methods in general use in the preparation 
of acid amides : (3) by the action of ammonia (a) on carbamic esters 
or urethanes, (6) on dialkyl or diphenyl carbonic esters (Ber. 17, 
1826), and (c) on chloroformic esters. The bodies mentioned under 
b and c first change to carbamic esters : 

NHa-COjsCaHs + NHg = NH^COlTHg + C^HgOH 

COiOCJi^)^ 4- 2NH3 = NHaCONHa -f 2C2H5OH 

C0(0C6H5)2 4- 2NH3 = NH2CONH2 4 - 2C3H6OH (method of preparation) 
ClCOaCgHj 4- 3NH3 = NH3CONH2 4- C2H3OH 4- NH4CI. 

(4) By the action of ammonia on phosgene and urea chloride : 

COCI2 4- 4NH3 = C0(NH2)3 4- 2NH4CI 

ClCONHa + 3NH3 - COCNHa)^ + NH4CI. 

(6) By heating ammonium carbamate or thiocarbamate to 130- 
140°. 

Urea is manufactured on the large scale for use as manure by 
heating carbon dioxide and ammonia together under high pressure, 
best in nickel autoclaves (D.R.PP. 294,793 : 390,848). 

(6) It can also be obtained by the. reaction between carbon oxy- 
sulphide and ammonia (2. anorg. Chem. 191, 246). 

(7) By the action of potassium permanganate on thiocarbamide, 

CS(NH2)2. 

(8) By the hydrolysis of cyanamide with small amounts of acid : 

CNOT3 -h H2O = COClsrHg)^. 

(9) Urea is formed when guanidine is boiled with dilute sulphuric 
acid or barium hydroxide solution : 

NH : C(NH2)3 4* H3O = C0(NH2)3 4 * NH3. 

Urea crystallizes in long, rhombic prisms or needles, which have a 
cooling taste, like that of potassium nitrate. It can be easily obtained 
pure by one recrystallization from amyl alcohol (Ber. 26, 2443). It 
dissolves in one part of cold water and in five parts of alcohol, and 
it is almost insoluble in ether. 

Emctions, — (1) By heating to high temperatures, urea decomposes 
into ammonia, biuret (p. 502), ammelide (p. 531), cyanuric acid (p. 520) 
and cyanuryltriurea (p. 522). 
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(2) When heated above 100° with water, or when heated with 
acids or alkalis, urea is decomposed into carbon dioxide and ammonia. 
The same decomposition takes place under the influence of micro- 
organisms when urine decomposes. 

An enzyme, urease, which occurs in considerable quantity in Soya- 
bean or Jack-bean, is also capable of hydrolysing urea to ammonia 
and carbon dioxide. The hydrolysis of urea by urease, forms a valu- 
able method for the quantitative estimation of urea. After the 
enzyme has acted, the solution is made alkaline and the ammonia 
formed distilled off or aspirated into standard acid, and the excess 
acid titrated with standard alkali, using methyl orange or other 
suitable indicator. 

(3) Urea, like other amides, is decomposed by nitrous acid, with 
the formation of nitrogen : 

COlNHa)^ + 2HNO2 y CO2 + 2N2 + SHgO. 

(4) Hypobromites decompose urea into nitrogen, carbon dioxide 
and water : in the presence of benzaldehyde, sodium hypochlorite 
yields with urea the hydrazone or carboxyhydrazone of benzaldehyde, 
a Hofmann reaction (see p. 191) taking place. 

NHj-CO-NHa 4- NaOCl + CgHs-CHO 

CeHgCH : N-NH-COOH + NaCl + HgO. 

Salta : Urea, like glycocoll, forms crystalline compounds with acids, bases 
and salts. Although it contains two NHa groups it combines with but one 
equivalent of acid. 

Vrea nitrate, C 0 (NB[ 2 )a*HN 03 , forms leaf-like crystals, which are difficultly 
soluble in nitric acid. The oxalate, [C0(NH2)2]2(C02H)2, consists of thin leaflets, 
which are soluble in water. 

Urea forms a large number of compounds with neutral salts, of which the 
compoimd with sodium chloride, CO(NH 2 ) 2 » NaCl, HgO, may be cited as an 
example. 

Urea forms the principal end-product of protein metabolism among 
the mammals and batrachians, and on this account its estimation 
becomes of importance. Birds and reptiles, on the other hand, 
excrete most of their nitrogen in the form of ammonium urate. 

Estimation of Urea . — ^The method usually used for the estimation of nitrogen 
in excretions is that of Kjeldahl (p. 9), though of course this includes all 
nitrogenous products, and is not specific for urea. The methods mostly used 
at the present time are of three main types : 

{a) The reaction with hypobromite, followed by measurement of tho nitrogen 
evolved. This is a rapid, but not veiy accurate method. 

(6) The urea is hydrolysed to ammonia and carbon dioxide by some urease 
preparation, and the ammonia produced titrated against standard acid (see (2) 
above). In dealing with small amounts of urea, such as those occurring in 
blood, the ammonia produced is frequently estimated colorimetrically by means 
of the colour it produces with Neasler’s reagent (alkaline mercury potassium 
iodide). 

(c) Urea forms a very insoluble compound when treated with a methyl alcohol 
solution of xanthydrol. This reaction is sometimes used for the estimation of 
urea, the dixanthydiylurea being weighed (Compt, rend. 159, 367 ), estimated 
colorimetrically by means of the yellow colour it produces with concentrated 
sulphuric acid (Biochem. J. 22, 711 ) or estimated by oxidation with standard 
permanganate solution (J. Biol. Chein. 79, 211 ) or better by potassium dichro- 
mate (J. Biol. Chem. 82, 693 ). 

The details of some of these methods are given in the textbooks of physio- 
logical chemistry, such as Hawk and Bergeim or Cole. 
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Alkyl ureas are produced according to the same reactions which yield urea 

(1) when primary or secondary amines act on tsacyanio esters or ^socyanic 
acid : 

CO : NH + NHa-CgHg = NHaCONHCaHg 

Ethyluiea. 

CO : NCaHs + NH(C2Hfi)2 = N(C2H5)3CONHCaH6. 

Triethylurea. 

Alkylureas are formed, also, when mcyanic esters are heated with water, 
COg and amines are produced (p. 190) ; the latter unite with a further molecule 
of isocyanate : 

IIsO CONCaHc 

CO : NCgHg ^ COg + NHgCgHs ^ CO(NHCgH5)2. 

(2) They are also obtained by the action of carbamyl chloride and alkyl - 
carbamyl chlorides on ammonia, and primary and secondary amines (p. 187), as 
well as by the action of phosgene on the latter. 

(3) By the action of alkali hydroxides on the ureides, the urea derivatives 
containing acid radicals : 

CHa-NHCONHCOCHg + KOH = CHg-NHCONHg + CH3CO2K. 

Methylacetylurea. Methylurea. 

(4) By desulphurizing the alkyl thioureas with an alcoholic silver nitrate 
solution (Ber. 28, B. 915). 

Alkylureas resemble urea itself so far as properties and reactions are con- 
cerned. They generally form salts with one equivalent of acid. They are 
crystalline salts, with the exception of those containing four alkyl groups. On 
heating those with one alkyl group, cyanic acid {or cyariuric acid) and an amine 
are produced. The higher alkylated members can be distilled without decom- 
position. Boiling alkalis convert them all into COg and amines : 

CHgNH-CONHa + HgO = COg + NHg + NKg-CHg. 

Methylurea,f CHa'NHCONHg, m.p. 102®, results on heating methyl acetourea 
(from acetamide by the action of bromine and potassium hydroxide) with 
potassium hydroxide. 

Ethylurea, CgHs^NHCONHg, m.p. 92®. 

sym-Diethylureay CO(NH‘CgH 5 ) 2 , m.p. 112°, b.p. 263®. 

imsym.-Diethylurea^ (CgH 5 ) 2 NCONH 2 , m.p. 70°. 

Triethylurea, (C 2 H 5 ) 2 NCONHC 2 H 6 , m.p. 63°, b.p. 223®. 

Tetraethylurea, b.p. 210-215®, has an odour resembling that of peppermint. 

Tetrapropylurea, b.p. 258° (Ber. 28, B. 165). 

Allylurea, C 3 H 5 NHCONH 2 , m.p. 85°, is converted by hydrogen bromide 

CH3CH O 

into propylene-^-urea (p. 503), j : NH (Ber. 22 , 2090 : C. 1898, 

CH2— NH 

11. 766). 

Diallyl urea, sinapoline, CO(NH‘C 3 H 5 ) 2 , m.p. 100°, is formed when allyHso- 
cyanate is heated with water, or by heating mustard oil with water and lead 
oxide. Diallyl thiourea is first formed, but the lead oxide desulphurizes it 
(p. 509). 

Carbamido^ethyl alcohol, HOCHgCHg'NHCONHg, m.p. 95°, is obtained from 
hydroxyethylamine isocyanate (Ber. 28, B. 1010). 

Cyclic Alkylene Urea Derivatives. 

The ureas and aldehydes combine at the ordinary temperature, with loss 
of water, to yield the following compounds : 

NTT 

Methyleneurea, consists of white, granular crystals (Ber. 29 , 

2751 : C. 1897, II. 736), and ethylideneurea, CO<^^g^CHCH 3 , m.p. 154°, 

are decomposed, by boiling with water, into their component parts. 

When HCl gas is passed into a mixture of acetone and urea, there is formed 
triacetone diurea, (CH 3 ) 2 C[NHCON : C(CH 3 ) 2 ]a + SHgO, m.p. 265-268° with 
decomposition (Ber. 34, 2185). 

EOiyUneurea, “-P- 131°, is produced on heating ethyl oar- 

\NHGH 2 

KK 


VOL. I. 
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bonate with ethylenediamine at 180°. It is also formed, together with hydan- 
toin (p. 499), when parabanic acid or oxalylurea is electrolytically reduced (Ber- 
34, 3286). Nitric acid produces ethylene dinitrourea. The union of ethylene 
diamine and cyanic acid, however, gives rise to ethylenediureat NHgCONH'CHa* 
CH3NHCONH2. 

Trimethyleneurea, 260°, is obtained from ethyl car- 

bonate and trimethylenediamine ; or by the electrolytic reduction of barbituric 
acid and related compounds (see Malonyl urea). Similarly, the reduction of methyl 

uracil (p. 629) produces methyltrimethyleneurea, 

m.p. 201° (Ber. 33, 3378 : 34, 3286). 

Very little is known relative to the action of urea on dialdehydes, aldehyde- 
ketones, and diketones. 

Acetylenediurea, glycoluril, is obtained from glyoxal and urea, as 

well as by the reduction of allantoin (Ber. 19 , 2477). Nitric acid converts it into 
dinUroglycoluril (decomposes at 217°), and when boiled with water passes into 
glycolureincj C3H0N2O3, isomeric with hydantoic acid. 


^ .NH-CH-NHs ^ 

Nnh-ch*nh/ 

Glycoluril (?). 


.NH.CH.N(NO.). 

\NH*CH-N(N02)/ 

Dinitroglycoluril. 


/NH-CHOH 

co<; 

\NH-CHOH 

Glycolureine. 


Consult Ber. 26, B. 291, for the action of urea on acetyl acetone. 

Nitrosoureas are formed when nitrites act on the nitrates or sulphates of 
ureas which contain an alkyl group in the amido ^oup : 

Nitroso-methylurea, NH2 *CO*N(NO)CHs. Nitroso-sym.-diethylurea, NH- 
(C2 Hb)CON(NO)C 2H5, m.p. 5°, is a yellow oil at the ordinary temperature. The 
reduction of these compoxmds gives rise to the semicarhazides (p. 503). 

Nitrourea, N02‘NHC0NH2, is produced when urea nitrate is introduced into 
concentrated sulphuric acid. It forms a white, crystalline powder when recrystal- 
liaed from water. It melts at 159° with decomposition. It is immediately 
decomposed by sodium hydroxide solution (Ber. 59 , 1870). 
im8ym.‘Nitro-ethylureaf N02’NHC0NH‘C2 Hb, m.p. 130-131°. 


Derivatives of Urea with Organic Acid Radicals : Ureides 

The urea derivatives of the monobasic carboxylic acids are obtained 
by the action of acid chlorides or acid anhydrides on urea. By this 
procedure, however, it is possible to introduce but one radical. The 
compounds are solids ; they decompose when lieat is applied to them, 
and do not form salts with acids. Alkalis cause them to separate 
into their components. 

Formylurea, NHaCONH*CHO, m.p. 167^ (Ber. 29, 2046). 

^ Acetylurea, NHaCONH'COCHg, m.p. 218° (Ann. 229, 30 : 0. 1898, II. 181), is 
slightly soluble in cold water and alcohol. It forms long, silky needles. (Con- 
sult Ber. 28, E. 63, for the metal derivatives of formyl and acetyl urea.) Heat 
breaks it up into acetamide and iaocyanuric acid. CMoroacetylurea, HgNCONH- 
COCH2CI, decomposes about 160°. Bromoacetylurea, NHaCONH-COCHgBr, 
dissolves with difiiculty in water. When heated with ammonia it changes to 
hydantoin. 

The ureides of the dialkylacetic acids, such as (02H5)2CHC0NHC0NH2, m.p. 
207°, are also obtained from dialkylmalonic acids (p. 545) and urea by means 
of phosphorus chloride, etc. (C. 1903, 11. 813). 

CH3*NHCC)NH’C0CH3, m.p. 180°, is obtained from methyl- 
tirea upon digesting it with acetic anhydride ; and by the action of bromine and 
potassium hydroxide on acetamide (p. 323); 

2CH,CONH, + Br, = + 2HBr. 

IHaeetylureaf CO(NH*COCHs)2» results when COCI2 acts on acetamide, and 
sublimes in the form of needles without decomposition. 
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Various remedies employed in the treatment of sleeping sickness are derived 
from complex compounds of urea with naphthylaminesulphonic acids and amino - 
benzoic acids {e.g. Germanin) (Z. angew. Chem. 39, 680 ; J.C.S. 1927, 3068). 


Ureides of Hydroxy-acids. — Open-chain and cyclic ureides are 
known, particularly those of a-hydroxy-acids, such as glycollic, lactic, 
and a“hydroxy^5obutyric acids. The open-chain ureides are obtained 
from the closed-chain members by severing a lactam-union by means 
of alkalis or alkali earths : 


(T> (2)CO 


c 


(1) (5) 

'NH— CH- 


H— CO 
(3) (4) 


Hydantoin. 
Cyclic ureide of 
glycollic acid. 


yNHCHa-COoH 
(11) CO< 


Hydantoic acid. 
Open-chain ureide 
of glycollic acid. 


Hydantoin, glycollylurea, CaHiOaNg (Formula (I) above), m.p. 
216°, possesses the same series of C and N atoms as the glyoxalines 
or iminazoles (p. 399), but the ring is less stable than the glyoxaline 
ring. 

It is prepared (1) by reduction, by means of hot hydriodic acid, of 
allantoin (q.v,) and alloxan (q.v.), both important oxidation products 
of urea. Also, by electrolytic reduction of parabanic acid (oxalylurea) 
(Ber. 34, 3286). 

(2) It is synthetically produced from bromoacetylurea (see above) 
by heating it with alcoholic ammonia, whereby it gives up hydro- 
bromic acid. 

(3) By the action of urea on dihydroxytartaric acid (Ann. 254, 
258). (4) By evaporating a solution of hydantoic ester (below) with 
hydi’ochloric acid (method of preparation). 

Chlorine produces dichlorohydantoin, C3H2CI2O2N2, m.p. 121°. 
Bromine gives rise to a body which easily changes into parabanic 
acid (see above) (Ann. 327, 355 : 348, 85). Concentrated nitric acid 

I 1 

produces 1-nitrohy^ntoin, CO-N(NO2)CH2C0*NH, m.p. 170°, which 
on being boiled wit!) water evolve.s CO 2 and is converted into nitro- 
amino-acetamide (Ber. 22, B. 58). <My the_l-NH-group is substituted 

on nitration. l-Acetylhydantoin, CON(COCH3)CH2CONH, m.p. 144°, 
is prepared from hydantoin and acetic anhydride ; it cannot be nitrated 
(Ann. 327, 353). 

When boiled with barium hydroxide solution hydantoin is con- 
verted into glycoiuric acid or hydantoic acid : 


do-NH-CHa-CO-llH + H^O = H^N-CONH-OHj-COOH. 

Hydantoic acid, glycoiuric acid, NHaCONH-CHoCOgH, was 
originally obtained from uric acid derivatives (allantoin, glycomil, 
hydantoin), but may be synthesized by heating urea with glycocoll 
to 120°, by boiling it with barium hydroxide solution (Ber. 39, 2954), 
or by digesting glycocoll sulphate with potassium u^ocyanate, similarly 
to the preparation of urea (p. 494). 

Hydantoic acid is very soluble in hot water and alcohol. When 
heated with hydriodic acid it yields CO 2, NH3 and glycocoll ; ethyl 
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ester^ m.p. 136'^, is easily obtained by the addition of potassium cyanate 
to glycoooll ester hydrochloride (Ber. 33, 3418). It is also formed 
from glycine ester and sodium methane (Ber. 38, 305), 

Hydantoin Homologues. — For nomenclature, see the hydantoin formula 
(p. 499) and also Aim. 327, 355. Hydantoin, alkyl iodides, and alkali give rise to 
^-aVcylhydantoins, in which the NH-group between the two CO-groups is alkylated 
(see also Ber. 22 , 685 : 25, R. 327). 

The 1-alkylkydanioins are formed when urea is fused together with mono- 
alkylic glycocolls. 

Z'Methylhydantoin, CONHCHgCOllcHs, m.p. 184°, is formed from silver 
hydantoin and iodomethane. Nitric acid converts it into l^nitro-'^-methyl- 
hydantoin, m.p. 168° (A nn. 3 6 1, 69). Z-M hylhydantoin, m.p. 102°. 

l-Methylhydantoin, <!!0-N(CH3)'CHj-C0-]!1h, m.p. 157°, was first obtained 
from creatinine, and is also formed when sareosine (p. 441) is heated with urea ; 
or by heating the sareosine with cyanogen chlorido (Ber. 15, 2111). 

l-Bthylkydantoin, m.p. 100°, sublimes readily. 

The 5-Alkylhydantoins may be synthesized by heating the cyanohydrins 
of the aldehydes and ketones (p. 433) with urea (see Ber. 21, 2320) : 

/CN /CONH 

R-CH< + HjN-CO-NHg = R-CHC; | + NH3. 

\OH NNHCO 

6-Alkylhydantoin. 


5‘Methylhydantom, a-lactylurea, CO-NH*CH(CH 3 )CO‘NH + m.p. 140- 
145° (anhydrous) is formed, together with alanine from aldehyde ammonia by 


the action of potassium isocyanate containing potassium cyanate. Also, by 
the action of warm hydrochloric acid on a-lacturamie ester (ethyl-a-carbamidopro- 
pionate), NH3C0NHCH(CHg)C08C2H5, m.p. 94°, the product of alanine ester 
hydrochloride and potassium cyanate. Lactyl urea when boiled with barium 
hydroxide solution yields lacturamic acid, m.p, 155 °. With 2 molecules ,of 


bromine it is converted into bromopyriiveide, BrCH ; CNHCONHCO, m.p. 242°, 
which imites the excess of lactyl urea to form pyruvic ureide, CgHgN^Og. 

1 : ^-DimcthylhydarUoin, m.p. 221°, and 1 : S^methylethythydanioin, m.p. 
85°, are prepared from N-methylalanine and N'-ethylalanine respectively, potas- 
sium cyanate, and hydrochloric acid. ^-Ethylhydantoin, m.p. 118°, is obtained 
from a-aminobutyric acid (Ann. 348, 50). 54BoButylhydantoin, m.p. 210°. 
isoBuiylhydantoic acid is prepared from leucine, urea, and barium hydroxide 
solution ; it is employed in the identification of leucine on account of its slight 
solubility (p. 444) (Ber. 39, 2953). 


5 : B^Dimethylhydantoin, a^isobuiyrylur&a, CONH-C(CH 3 ) 2 CONH, m.p. 175°, is 
produced from acetone, hydrocyanic acid, and cyanic acid (Ann. 164, 264) ; 
also from pinacolyl sulphourea (p. 509) and KMn 04 , OL-carbamidoiBohutyric acid, 
NH 2 CO*NHC(CHg) 2 COOH, m.p. 155—160° ; both these substances are ureides 
of a-hydroxyisobutyric acid. 

6 : 5'IHalIcylhydantoim, e.g. 5 : 5-diethylhydantoin, m.p. 165°, can also be 
prepared from eyanacetamide, by converting the latter into diethyl cyahaceta- 
mide, and treating this with bromine and alkali solution (Gazzetta, 26, 1. 197) i 


ON 

Diethyl cyasaoet- 
amide. 


/CONH 

. (C,H.),C< I 

\nhco 

5 : S-Diethylhydantoin. 


4 3 2 

CHa— NH— CO 

Hyfirouracil. fi-hetylima, CtH,NA = | I , m.p. 275°, is 

CH,— CO— NH 
s 6 1 
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obtained similarly to diethylhydantoin, by treating succinamide with bromine 

CHgCO-NHa 

and alkali, through an unstable intermediate product, | . It has 

CHgN : CO 

been obtained by several other methods. It results, together with trimethy- 
lene urea, from the electrolytic reduction of barbituric acid (malonyl urea), 
of dialuric acid (tartronyl urea), and of uramil (aminomalonyl urea) (Ber. 34, 
3286). Further, by heating acrylic acid with urea at 210-220°, and from 
jS-aminopropionic acid and cyanic acid (Ber. 38, 635). 

5-Meihylhydrouracilf (CH 3 )C 4 H 6 N 202 , m.p. 265°, and i-methylhydrouraciU m.p. 
220 °, are similarly prepared by heating urea with methyl acrylic acid and crotonic 
acid. 4-Methylhydrouracil is also produced from ]S-aminobutyric acid and urea, 
and from j 8 -aminobutyric ester and cyanic acid. 

Bromine in glacial acetic acid yields bromo-derivatives of hydrouracil, which 
easily give up HBr, and are converted into uracils (Ber. 34, 3751, 4129 : 38, 636). 

The uracils or ureides of jS-aldehydo- and keto-carboxylic acids, together 
with those of glyoxylic, oxalic, malonic, tartronic, and mesoxalic acids, will be 
considered later in connection with uric acid. 

Di- and Tri-carboxylamide Derivatives . Ureides of Carbonic Acid. — Free 
dicarbaminic or imidodicarbonic acid and the free tricarbamic acids or nitrogen 
tricarboxylic acids are as unstable as free earbaminic acid itself (p. 490) ; but 
the esters, amides, and nitriles of these acids are known. They sustain the same 
relation to carbamic acid that diglycollamic acid bears to glycocoll : 


(NH 2 COOH) 
Carbamic acid. 


Dicarbamidic acid. 
Imiaodicarboxylic jicid. 



Tricarbamidic acid, 
Nitrilotricarboxylic acid. 


Dicarbamidic ester, iminodicarboxylic ester, NH(C 02 C 2 H 5 ) 2 , m.p. 60°, 
b.p. 215°, results when ClCOgCgHg acts on 2 molecules of sodium urethane j from 
nitrogen tricarboxylic ester by decomposition with alkali ; and from carboxethyl 
^•ocyanate (p. 520) and alcohol. The ester yields a sodium salt, NaN{C02R)2» 
more readily than urethane and acetyl urethane (p. 520) (Ber. 36, 736 : 39, 686 ). 

Allophanic acid, NHaCONH-COaH, is not known in a free state. A disodium 
salt of this acid, NH 2 C 0 N(Na)C 02 Na, appears to be formed when a benzene 
solution of urethane is boiled in the presence of sodium (Ber. 35, 779). Its 
esters are formed ( 1 ) when chloroformic esters (1 mol.) act on urea (2 mols.) 
(Ber. 29, R. 589 ) ; (2) by passing cyanic acid vapours into anhydrous alcohols 
(p. 518). At first carbamic acid esters are produced ; these combine with a 
second molecule of cyanic acid and yield allophanic esters (Ber. 22, 1572) : 

HNCO -h NHa-COsCgHs = NHaCONH-COaCaHg. 

From carbamic esters or urethanes (3) by the action of earbamyl chloride (Ber. 
21, 293) ; (4) carbonyl chloride (Ber. 19, 2344) or (5) with thionyl chloride (Ber. 
26, 2172) : 

2 NH 2 CO 2 C 2 H 5 + SOCI 2 = NHaCOKTH-COaCaHg + HCl -f SOg + 

For the formcition of allophanic esters by decomposition of a-hydroxy-acid 
azi<les see Ber. 34, 2794. Nitrogen tricarboxylic ester and also carbethoxyl 
iweyanate, CoHgO-CO’NCO (pp. 502, 520) with ammonia, yield allophanic ester 
(Ber. 39, 686 ). 

Allophanic ethyl vstcr, NH 2 CONHCO 2 C 2 H 5 , m.p. 191° ; propyl ester, m.p. 155° ; 
amyl ester, m.p. 162°. 

The allophanic esters dissolve with difficulty in water, and, when heated, 
split up into alcohol, ammonia, and cyanuric acid. The allophanates are obtained 
from them by means of the alkalis or barium hydroxide solution. They show 
a.n alkaline reaction and are decomposed by carbon dioxide. On attempting to 
free the acid by means of mineral acids, it at once breaks up into COg and urea. 

Cyanocarbamic acid, cyanamide carboxylic acid, CN'NHCOgH, is the corre- 
sponding nitrile acid of allophanic acid. Its salts are formed by the addition 
of COj to salts of cyanamide (Ann. 331, 270) : 

2CN-NHNa + COg = NC-N : C(ONa )2 -h CN^NHg. 
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Tho eslm of this acid result by the action of alcoholic potassium hydroxide 
on esters of eyanamidediearboxylic acid. 

Biuret, allophanamide, NH2*CO*NH*CO‘NH2 + H^O, m.p, 190® (anhydrous) 
is formed on heating the allophanic esters with ammonia to 100®, or urea to 
150-160® : 

NH2CONH2 = NHa-CO-NH'CO-NHa + NH3. 

It is readily soluble in alcohol and water, and decomposes, when heated, into 
NHg and cyanuric acid. Heated in a current of HCl, biuret decomposes into 
NHg, CO2, cyanuric acid, urea, and guanidine. The aqueous solution, containing 
KOH, is coloured a violet red by copper sulphate. {The biuret reaction : C. 
1898, 1. 375 ; Ber. 35, 1105 : Ann. 352, 73.) 

Nitrobiurety NHgCO-NH-CO-NH'NOa, m.p. 105® (decomp.), is converted by 
hydrochloric acid and zinc dust into aminobiuret, the hydrochloride of which 
when boiled with water gives urazole (p. 505), and when treated with sodium 
nitrite yields allophanic azide, NHgCO'NHCONg (Ann. 303, 93). 

Imidodioximidocarbonic acid, NH(c^Qg^) , m.p. 65-70®, is prepared from 

Hg(CH3)a and nitrogen peroxide (C. 1898, 11. 1015). 

Carbamyl cyanide, cyanourea, NHgCOlOT'CN, the half-nitrile of biuret, is 
formed, like urea from guanidine, from cyanoguanidine or dicyandiamide (p. 515), 
by the action of barium hydroxide solution ; when digested with mineral acids 
it yields biuret (Ber. 8, 708). (See Ber. 25, 820, for alkyl cyanoureas.) 

Carbonyldinrethane, CO(NHCOOC2H5)2, m.p. 107®, is prepared from urethane 
(C. 1897, II. 25) and urea by the action of phosgene at 100° ; also from carboxy- 
ethyl ^^ocyanate (p. 520) and water. 

Oarbonyldiurea, CO(NHCONH2)2, m.p. 231®, is also produced from urethane 
(C. 1897, II. 25), and urea with phosgene at 100®. When heated it passes directly 
into NHg and cyanuric acid (p. 520) (Ber. 29, B. 589). 

Carbonyldimethylurca, CO{NHCONH*CH3)2, m.p. 197°, similarly to the above, 
yields jV-methyl cyanuric acid, on being heated (Ber. 30, 2616). 

Tricarbamidic ester, nitrogen tricarboxylic ester, N(C0002H6)3, b.p. 147® 
/12 mm., is prepared from sodium urethane or sodium imidodicarboxylic ester 
and chlorocarbonic ester. It is a colourless and odourless oil, scarcely soluble 
in water. 

For the action of alkali and of PaOg, see next paragraph. 

Cyanimidodicarhoxylic ester, nitrogen tricarboxylic digester nitrile, N • C — N = 
(COgCgHgla, results from the interaction of sodium cyanamide, CNNHNa, and 
chlorocarbonic ester. Alkali splits oS a carboxethyl group ; P2O5 causes the 
liberation of CO» and 2C2H4, leaving carboxethyl ^aocyanate (J. pr. Chem. [2] 
16, 146 : Ber. 39, 686). 

Derivatives of Imidocarbonic Acid. — The pseudodorme, imidocarbonic 
acid and pseudo -xaca, correspond with carbamic acid and urea : 

NHj-COOH NH:C(OH)j CO(NHj)j 

Carbamic acid. Imidocarbonic acid. Urea. i^-Urea. 

These modifications are not known in a free state, but many derivatives 
may be referred to them. 

Imidocarbonic ester, HN : C(OC2Hs)2, b.p. 62®/36 mm., is produced by reducing 
chloroimidocarbonic ester (Ber. 19, 862, 2650) ; from di-imidooxalio ester (p. 541) 
by the action of alcoholic sodium ethoxide (Ber. 28, R. 760), and from cyanogen 
chloride (p. 522) by the same reagent. At 200° it breaks down into alcohol 
and cyanuric ester (Ber. 28, 2466). 

ChloroimidocaTbo7iic ethyl ester, CIN : C{OC2H5)2, m.p. 39®, and the methyl 
ester, m.p. 20®, are produced in the action of esters of hypochlorous acid (p. 169) 
on a concentrated potassium cyanide solution. They are solids, with a peculiar 
penetrating odour, and distil with decomposition. Alkalis have little efiect 
upon them, whilst acids break them up quite easily, forming ammonia, esters of 
carbonic acid and nitrogen chloride. 

Broimimidocarbo7iic ethyl ester, BrN : C(OC2Hfi)2, m.p. 43®, results when 
bromine acts on imidocarbonic ester (Ber. 28, 2470). 

rnhylimidocUorocarhonic ester, OaH^N : C0l(O02Hs), b.p. 126®, is formed by 
the union of ethyl isocyanide (p. 293) with ethyl hypochlorite (Ber. 28, R. 760). 
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Derivatives of iji- or iso-Urea. — Methyl-rji-urea, NH : m.p. 45®, 

b.p. 82°/9 mm., and ethyl-i/i-urea, HN : C(bC2H5)NHj, m.p. 42°, b.p.*96°/15 mm., 
are formed as hydrochlorides by the action of alcohols on equimolecular quantities 

HCl 

of cyanamide and hydrochloric acid : N : CNHg > HN : C(NH2)(OCH3)- 

CHgOH 

HCl. The hydrochlorides are decomposed when heated in aqueous solution into 
chloromethane and urea. A similar decomposition occurs with the numerous 
derivatives of these substances. These ^-urea ethers can also be considered as 
being alkoxy-formamidines or aminoformimido -ethers. Chloroformic ester pro- 
duces O-melhylallophanic ester, CH50C(NHjj)NC02C2H5, m.p. 5’ ; isocyanic 
acid, 0-methylhiuret, CH30C(NH2) : NCONH^, m.p. 118° ; acetoacetic ester, 
methyluracil (p. 472) ; oxalic ester, 0-methyi parabanic acid. Hydrochloric acid 
causes these substances to decompose into chloromethane and allophanic ester, 
biuret, methyl uracil, and parabanic acid. Acetylmethyl-xls-urea, 0H30*C(NH2)- 
NCOCH3, m.p. 68° (C. 1904, II. 29 : Ber. 38, 2243). 

Ethylene - «/r - urea , 2-aminooxazolim, 


: NH, or | XJ-NHg, 

CHa— 

is produced by the action of bromoethylamine hydrobromide on potassium 
cyanate or from sodium cyanamide and ethylene ehlorohydrin. It forms very 
hygroscopic crystals (Ber. 31, 2832 : Ann. 442, 130). 

Propylene-^-urea, CsHg : CONgHa, results from bromopropylamine hydro- 
chloride and potassium cyanate ; as well as from allylurea, by a molecular 
rearrangement induced by hydrobromic acid (Ber. 22, 2991 : C. 1898, II. 760)*. 


CH3- 

I 


- 0 \^ 


CH»— NH. 




Hydrazine-^ Azine-, and Azido-derivatives of Carbonic Acid 


Hydrazinecarboxylic acid, NHgNHCOOH or NHsNHCOO, is precipitated 
when CO2 is passed into a cold aqueous solution of hydrazine, in the form of a 
white powder. It decomposes at 90° into CO2 and the hydrazine salt of hydrazine- 
carboxylic acid, NH2NHC02‘N2H5, m.p. 70° (appr.), b.p. 75°/23 mm., (appr.). 

Ethyl ester, NH2NHCO2C2H5, b.p. 92°/13 nmi., is produced from nitro- 
urethane (p. 493) by reduction with zinc and acetic acid ; also by the decomposi- 
tion of nitrogen tricarboxylic ester with hydrazine. 

Benzalhydrazine carboxylic ester, m.p. 135° (Ann. 288, 293 :«Ber. 36, 
745 : 37, 4523 : C. 1906, I. 1222). 

Sodium benzalhydrazine carbonate, C3H5CH : NNHCOgNa, is prepared from 
urea, NaClO, and benzaldehyde (c/. p. 496). 

Azidocarbonic methyl ester, N3CO3CH3, b.p. 102°, is obtained from chloro- 
carbonic methyl ester and ammonium nitrate ; as well as from hydrazine 
carboxylic acid and nitrous acid (J. pr. Chem. [2] 52, 461 : Ber. 36, 2057). 

4 3 2 1 

Semicarbazide, carbamic hydrazide^ NHg’CO'NII-NHa, is an im- 
portant reagent used for the identification of ketonic compounds, as 
it frequently yields sparingly soluble, crystalline condensation pro- 
ducts, semicarbazones, with them. 

It is formed (1) by heating urea and hydrazine hydrate to 100® 
(J. pr. Chem. [2] 52 , 465) ; (2) from hydrazine sulphate and potassium 
cyanide ; (3) from aminoguanidine (Ber. 27 , 31, 56) ; (4) from nitro- 
urea (Ann. 288 , 311). 

Acetaldehyde semicarbazone, NHgCONH^N : CHCH 3 , m.p. 162®, is 
prepared from aldehyde-ammonia and semicarbazide hydrochloride 
(Ann. 303, 79) : benzaldehyde semicarbazones NHaCONHN^OHCeHs, 
m.p. 214°. Acetone semicarbazone, NHgCONHN : C(CH 3 ) 2 , m.p. 187°, 
passes into dimethyl ketazine (p. 269) (Ber. 29 , 611). 
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Aceloaceiic ester semicarbazone, NH2CONHN : C(CH3)CH2C02C2H5, m.p. 129” 
(Ann. 283, 18), reai^Iy passes into a laetazam. Semicarbazide condenses with 
benzil to 1 : 2-diphenyl oxyi)riazine (Vol. III). 

Alkyl semicarbazides are obtained (1) by reduction of the nitroso-alkyl- 
ureas (p. 498) ; (2) from alkylhydrazines by means of ifiocyanic acid or its esters, 
whereby the secondary NH-group receives the carbamide residue. The alkyl 
semicarbazides only react easily with the aldehydes when the hydrazine NH2- 
group is free (C. 1901, I. 1170: Ber. 37, 2318). 

2-Methylsemicarbazid6f NH2N(CH3), CONH2, m.p. 113”. 2 : i-Methylethyl- 
semicarbazide^ NH2N(CH3)CONrEC2H6, is an oil. 1 : ^’Dimethylsemicarbazide 
CH3NHN(CH3)C0NH2, m.p. 116” (Ber. 39, 3263). 

Carbamidohydrazoacetic ester, m.p. 122°, and aminohydantoic ester, m.p. 70-74”, 
are prepared from hydrazinoaeetic ester (p. 452) and cyanic acid (Ber. 31, 167). 
1-Aminohydantoin, m.p. 244”, is formed by loss of alcohol from aminohydantoic 
ester : 


NHCH3CO2C2H5 


NH2NCH2CO2C2H, 


NHaN^CHa-CO 


NHCOlSIIa 

Carbamidohydrazoacetic ester. 


CONH2 

Aminohydantoic ester. 


CO NH. 

I'Aminohydantoin. 


Carbohydrazide, NH2NH*CO*NHNH2, m.p. 152-153”, is obtained from car- 
bonic ester and hydrazine hydrate on heating to 100° (J. pr. Chem. [2] 52 , 469). 
Dibenzal carbohydrazide, CO(NB[N=CHC€H5)2, m.p. 198”. 

Imidodicarboxylic hydrazide, NH(C01srHNH2), m.p. 200” with decomposition, 
is obtained from nitrogen tricarboxylic ester and hydrazine. It is easily decom- 
posed into N2H4 and urazole (see below) (Ber. 36, 744). 

Hydrazodicarbonic ester, hydrazinedicarboxylic ester, C2H 5OCONHNHCO 0 *0211 5, 
m.p. 130°, b.p. with decomposition about 250”, and is prepared from hydrazine 
and Cl-COaCaHs (Ber. 27 , 773 : J. pr. Chem. [2] 52 , 476). 

Hydrazodicarbonamide, hydrazojormamide, NH2CO*NHNH*CONH2, m.p. 245” 
(decomp.). It is obtained from potassium cyanate and salts of hydrazine. It 
also results upon heating semicarbazide (Ber. 27 , 57), and from azodicarbommide 
(see below) by reduction. It yields the latter upon oxidation (Ann. 271 , 127 i 
Ber. 26 , 405). NaOCl partially decomposes it into hydrazoic acid, carbon dioxide, 
and ammonia (J. pr. Chem. [2] 76 , 433). 

Azodicarboxylic acid, azoformic acid, C02HN=NC02H, is prepared from 
azodicarboxylic amide and concentrated potassium hydroxide solution, in the 
form of yellow needles. Its potassium salt deflagrates at 1 00°. It readily decom- 
poses in aqueous solution into C02» potassium carbonate, hydrazine, and nitrogen. 
It is not possible to obtain from it the still unknown diimide NH=NH. Diethyl 
ester, b.p. 106°/13 mm., is prepared from the hydrazo-ester (see above) and nitric 
acid. It is an orange-yellow oil. 

The azodicarboxylic esters, BO*CO*N : IT*COOB, are very reactive com- 
pounds which readily form addition compounds at the N : N double bond : 

R^H + EtOCO*N : N-COOEt >■ EtO-CO-NH-NB-COOEt 


Addition compounds have been obtained by this reaction with alcohols and 
mercaptans (Ann. 437 , 309) : with amines and enolic compounds (Ann. 429 , 1), 
with aromatic hydrocarbons (Ber. 57 , 106). With azoimido alkoxytetrazoles 
and iminodicarboxylic esters are formed (Ber. 57 , 1656). 

Azodicarboxylic amide, azoforrmmide, NHgCON—NCONHa, is formed (1) by 
the oxidation of hydrazodicarboxylic amide*^with chromic acid, and (2) from 
azodicarboxylic diamidine, NH2C(NH)N ; NC{NH)NH2 (p. 5 1 6) . It is an orange- 
red powder. 

Carbamic acid azide, azidocarhonic amide, N3CONH2, m.p. 97°, is prepared 
from semicarbazide and nitrous acid ; and by the combination of hydrazoic 
and cyanic acids. Silver nitrate decomposes it into silver cyanate and silver 
azide j when heated with water it is split up into NgH, NHg, and COg. Hydrogen 
sulphide reduces the azide to urea (Ann. 314 , 339). Hydrocyanic acid unites 
with it to form urea azocyanide, carbamidocyanotriazene, hTHgCONHN ; NON. 

, Carhodiazide, carbazide, nitrogen carbonyl, CO(N3)2, is produced from carbo- 
hydrazide and nitrous acid : 

C 0 (NHNH 2 -HC 1 ), + 2KNO3 = CO(N3)a + SUIaCi + 4H2O. 
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It forms spear-like, very volatile crystals, of a penetrating and stupefying odour, 
recalling that of phosgene (p. 486) and hydrazoic acid. It is explosive. The 
aqueous solution decomposes into COg and 2N3H (Ber. 27, 2684 : J. pr. Chem. 
[2] 52, 482). 

Hydrazidicarbohydmzide, NHa-NH-CO-NH-NH-GO-NH-NHg, m.p. 196^, is 
obtained, together with aminourazole, by the action of hydrazine hydrate on 
hydrazidicarboxylio ester (Ber. 43, 2468). With nitrous acid it yields : 

Hydi'azidicarhonazidet Ng-CO'NH-NH-CO'Na, white needles, m.p. 146° (150°) 
(Ber. 47, 728). 

Cyclic Hydrazine Derivatives of Urea. — Urazole, hydrazodicarboni?nide, 
NH-COv 

j \NH, m.p. 244°, is formed on heating hydrazodicarbonamide to 200° 
NH-CO/ 

(Ann. 283, 16), or from urea and hydrazine sulphate heated to 120° (Ber. 27, 409). 
It is a strong, monobasic acid. For its alkylation, see C. 1898, I. 38. 
NH-COv 

AminourazoUi \ >N*NHo, m.p. 270°, is probably the same as diurea 

NH-COX 

or bis-hydrazinocarboxyl, which is obtained from hydrazo-dicarbonic ester and 
hydrazine hydrate at 100° (Ber. 46, 2094). 

Methenylcarhohydrazide, m.p. 181°, is produced on heating 

carbohydrazide with orthoformic ester to 100° (J. pr. Chem. [2] 52 , 475). 
Hydroxylamine Derivatives of Carbonic Acid. — Hydroxyuretkam, HO- 

< OC H 

Q is a colourless liquid. It is produced when an 

hydroxylamine solution acts on chlorocarbonic ester (Ber. 27, 1254). 

Hydroxyurea, carharnidoxime, NHaCONH-OH, m.p. 128°, is obtained from 
hydroxylamine nitrate and potassium isocyanate, together with a (? stereo-) iso- 
meric body isohydroxyurea, m.p. 70-72° (decomp.), which when heated in alcoholic 
solution changes into the ordinary hydroxyl-urea. 

Methylhydroxyurea, CHaNHCO'NHOH, m.p. 127° (decomp.), and ethyl- 
hydroxyurea, m.p. 129° (decomp.), are formed from methyl and ethyl isocyanate 
and hydroxylamiije (C. 1902, I. 31). Dimethyl-nitroso-hydroxy-urea, (CHa)^- 
NCO*N(NO)OH (Ber. 30, 2356). Aldehyde-derivative of carbamidoxime, 
yNCONHa 

RCH< I (C. 1908, I. 948) dissolves readily in water and alcohol, but 

\0 

with difficulty in ether. 


Sulphur Derivatives of Garbamic Acid and Urea 

The compounds to be discussed in this section include thiocarbamic acid, 
NHg-COSH, which forms two series of esters, the ^'-esters, NH^’CO’SR (thio- 
carbamio esters), and the 0-esters, NHg-CS'OR (sulphocarbamic esters), dithio- 
carbamic acid, NH^-CSSH, and thiocarbamide, NHa-CS-NHg or NH : C(SH)-NHi5. 

Thiocarbamic acid, NHgUOSH, is n.Dt known in the free state. Its am- 
nionium mlt, NH3-CO-SNH4, is prepared by leading COS into alcoholic ammonia 
(Ann. 285, 173). It is a colourless, crystalline mass, which is unstable on ex- 
posure to the air. Wiion heated to 130° it breaks up into hydrogen sulphide 
and urea. 

Alkylamines and COS yield alkyl ammonium salts of alkyl carbamine-thiolic 
acids, such as ethyl carbamine-thiolic acid, CgHs'NH-CO'SH, and isobutyl carhamim- 
thiolic acid, C4HoNH*COSH. The mercury salts of these two acids decompose 
when heated into isocyanic esters and dialkyl ureas (c/. p. 497) (Ann. 359, 202).' 

/S-Esters. — Tkiol-carbamic methyl ester, NH2OOSCH3, or HO*C( ; NH)-SCH3, 
m.p. 95°, and ethyl ester, m.p. 108°, both result from the action of ammonia 
(1) on dithioearbonic ester (p. 488), (2) on chlorocarbonthiolic ester; (3) by 
the passage of HCl into a solution of potassium or alkyl thiocyanate (Ber. 14, 
1083) in alcohol, when the O-ester is alsp formed (J. pr, Chem. [2] 16, 358). 
These are crystalline compounds which dissolve with difficulty in water. 

Thiol-carbethylamine ethyl ester, CaH^NH^COSCgHg, b.p. 204-208°. It results 
from the union of ethyl «>ocyanate with ethyl mercaptan. 
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0- Esters. — The esters of sulphocarbamic acid — thioure^anes , the mnthogen^ 
amides — are formed when alcoholic ammonia acts on the xanthic esters (p. 489) : 

CaH^S-CSOCgHs + NH3 = NHa-CSOC^Hg + 

The 0-ethyl ester, m.p. 38®, and 0-methyl ester, m.p. 43°, are both slightly 
soluble in water. Both esters decompose into mercaptans, cyanic acid and 
cyanuric acid when heated. Alcoholic alkalis decompose them into alcohols 
and thiocyanates. 

The alkylthiocarbamic esters are obtained when the mustard oils are 
heated to 110° with anhydrous alcohols ; 

CS : N-CaHj + CgHs-OH = CaHsNH-CS-OCaHg. 

They are liquids with an odour like that of leeks, boil without decomposition 
and with acid or alkali break up into alcohols, COg, HgS, and alkylamines, and 
can easily be transformed by halogen alkyls into the isomeric thiolcarbamic 
esters (above) (C. 1899, II. 618). 

Mhylthiocarhamic ethyl ester, CaHg’NHCSOCgHg, m.p. 46°, b.p. 206°. AUyl- 
thiocarbamic ethyl ester, CaHs'KHCSOCgHg, b.p. 210-215°, is prepared from allyl 
mustard oil. Acetylthiocarbamic methyl ester, CH3CO‘NHCS(OCH3), m.p. 80°, is 
prepared from thiocarbamic ester and acetic anhydride ; or from lead thiocyanate, 
acetyl chloride, and methyl alcohol. It is converted by iodomethane into the 
isomeric ^-methyl acetylthiolcarbamate, CH3CO*NHCOSCH3, m.p. 146° (C. 1900, 
11. 853). 

Ethers are also known derived from the tautomeric form, NH : C(OH)*SH, 
of thiocarbamic acid, 

Dithiocarbamic acid, NHa'CSSH or NH=C(SH)2, is obtained as a red oil 
upon decomposing its ammonium salt with dilute sulphuric acid. It readily 
breaks down into thiocyanic acid, HS»NC, and hydrogen sulphide. Water decom- 
poses it into cyanic acid and 2H3S. Its amimnium salt, NHa-CSSNH4, is formed 
when alcoholic ammonia acts on carbon disulphide. It consists of yellow needles 
or prisms. 

Alkyl Dithiocarbamic Acids, Dithiocarbalkylaminic Acids.— The amino- 
salts of these compounds are formed by heating together carbon disulphide and 
primary or secondary amines in alcoholic solution : 

CSg + = CgHsNH-CSSNHaCsHg. 

When the amine salts of ethyl dithiocs^rbamic acid are heated to 110° dialkyiated 
thioureas are formed (p. 509) : 

C3H5NHCS-SH,NHaG3H5 = CaHsNHCSNHCaHg + HgS. 

If the salts formed with primary amines are heated in aqueous solution with 
metallic salts such as AgNOs, FeCls, or HgCl^, salts of ethyldithiocarbamio acid 
are precipitated : 

AgNO, 

CaH^NHCSSlNHaCgHg) CgHgOTCSSAg + HN 03 ,H 2 NCgH 6 , 

which, when boiled with water, yield mustard oils or i^othiocyanic esters (p. 526). 

The secondary amine salts of dithiocarbamic acid give no mustard oil (Ber. 8, 
107). 

Oxidation with iodine changes the mono- and di-alkyl dithiocarbamic acids 
into ihiuram disulphides ; 

T SCSNHR 
2RNHCS-SH — I 

SCSNHR. 


These disulphides, when possessing hydrogen atoms available for the reaction 
am decomposed by heat partly into mustard oils, S and HgS, and partly into 
^halkylthioureas, S, and CSg. Sodium alcoholate converts them into salts of the 
isomeric iscthiuram disulphide. The latter are converted directly into mustard 
oil and sulphur by repeated treatment with iodine (Ber. 35, 817). 


SCS(NHR) 

SCS(NHR) 


SC(NR)-SM 

I 

SC(NB)-Sikf 




SCNR 

SCNR 


4- 83 + 2MI. 
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If alkyl or acyl halides are employed instead of iodine, the decomposition 
results in the formation of mustard oil, dialkyl disulphides, or diacyl disulphides 
(pp. 173, 320) (Ber. 36, 2259). Tetraalkyl thiuram disulphides and potassium 
cyanide yield the yellow coloured thiuram monoaulphide and potassium thio- 
cyanate. These are also obtained from dithiocarbamic salts with dithiocarbamic 
acid chlorides (see below (Ber. 36, 2276)) : 

SCSN(CH 3)2 KITC yCSN(CH: 3)2 C1CSN(0H,), yCSN(CH 3)2 

1 ^KSNC + S< 

SCSN(CH3)2 \CS3Sr(CH3)2 \nH2 (CH3)2. 

Dithiourethanes, dithiocarbamic caters ^ are obtained by several methods 
(Ber, 35, 3368 : C. 1903, 1. 139). They are readily prepared (1) from ammonium 
dithiooarbamate (below) and alkyl iodides ; 

CH,I CH 3 I 

NH2CSS-NH, ^NHaCSSCHa ; (CH3)2NCS2NH2(CH3)2 (CH3)oNCS2CH3. 


It must be noticed, however, that alkylene dihalides, a-halogen ketones, and 
a-halogen fatty esters convert the dithiocarbamates easily into cyclic thiazole 
derivatives : 


< NR^CH 2 

I 

S CH2 


/NHCCH3 
S< II 
\s — CH 


/NHCO 

sc< I 

XS—CH- 


(2) from chlorodithiocarbonio esters (p. 490) and amines : 


C2H5SCSCI + NH(C3H7)2 C2H3SCSN(C3H,)2 


(3) from thiocyanic esters and H 2 S ; 

C2H5SC ; N+ HaS y CaHgSCSNHa. 


The dithiocarbodialkylamine acid esters are stable, whilst the simpler deriva- 
tives easily decompose into mercaptans and mustard oils or thiocyanic acid. 

Dithiocarbamic methyl ester, NHaCSaCHg, m.p. 41° ; ethyl ester, m.p. 42° ; 
isopropyl eater, m.p. 97° ; allyl ester, m.p. 32°. 

Methyldithiocarbamic methyl ester, CHsNHCSaCHg, b.p. 156°/20 mm. Di- 
methyldithiocarhamic methyl ester, (CH 3 ) 2 NCS 2 CH 3 , m.p. 47°. Excess of alkyl 
iodide converts the dithio- and alkyl dithio-carbamic esters into the hydroiodides 
of imidodithiocarbonic esters, HN-C(SCH 3 )*IIN : C(SC 2 H 5 ) 2 , which, on hydrolysis, 
yield dithiocarbonic esters (p. 488). 

Acetyldithiourethanes, CH 3 CONHCS 2 R, are produced from acylation of dithio - 
ux’ethane, and from mustard oils by means of thioacetio acid (p. 320). They 
are converted by sodium alcoholate and iodo-alkyls into acetyl imidodithio- 
carbonic ester, CH 3 CONC(SR)a (C. 1901, II. 764) : 1903, I. 446). 

Dialkylthiocarbamyl chlorides, NRgCSCl, are formed from thiophosgene and 
amines (Ber, 36, 2274). 

Cyclic Derivatives of Dithiocarbamic Acid. — Garbothialdim, 
/NH-CHCHg 
SC< I 

\S--NH ; CHCH 3 


is obtained by heating ammonium dithiooarbamate with aldehyde ; and by 
mixing CS 3 with alcoholic aldehyde-ammonia. It forms large shining crystals. 
Isomeric with this is dimrthylformocarbothialdme, CS 2 (NCH 3 ) 2 (CH 2 ) 2 , which is 
prepared from CS 2 and formaldehyde-methylimide. lodomethane breaks it 
down into methyUmidodithiocarbonicdimethyl eater, CH 3 N : C(SCH 3)2 (see above) 
(C. 1896, 11. 478). 

< NH— CO 

( , m.p. 169°, with decomposition, is prepared from 
S CH 2 

ammonium dithiocarbamate with salts or esters of chloro- or thio-aoetic acid : 


NHjCS-SNH^ >■ NHsCS'S-CHjCOOH > lln-CS-S-CHjio ; 

the homologous a-halogen fatty acids behave similarly. Mustard oils (p. 626) 
and thioacetio acid form w-alkyl rhodanic acids. RhodafUic acid condenses with 
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aromatic aldehydes, eliminating water and forming dyes : ArCH : (CaSjNOH) 
(C. 1903, I. 446 : II. 836 : 1906, I. 1436 : Ber. 39, 3068). These condensation 
products are valuable synthetic reagents {e.g. for aminoaoids, Helv. Chim. Acta. 
S, 610 : 6, 458). 

"N’TT "NTT 

Thiocarbamide, thiourea, sulphourea, or NH : C<^gjj 

m.p. 172°, is obtained (as first observed by Reynolds in 1869 — ^Ann. 
160, 224) by heating ammonium thiocyanate to 170-180° (Ann. 179, 
113), when a transposition analogous to that occurring in the forma- 
tion of urea takes place (p. 494). This synthesis, however, does not 
proceed with ease, and is never complete, because at 160-170° thio- 
carbamide is again changed to ammonium thiocyanate : 

CSN-NH^ CSCNHg)^. 

Sulphourea is also produced by the action of hydrogen sulphide (in 
presence of a little ammonia) or of ammonium thiocyanate on cyan- 
amide (Ber. 8, 26) : 

CNNHa + SHg = CS(NH3)2. 

Thiocarbamide crystallizes in thick, rhombic prisms, which dis- 
solve easily in water and alcohol, but with difficulty in ether ; they 
possess a bitter taste and have a neutral reaction. 

Reactions, — (1) When sulphocarbamide is heated with water to 
140° it reverts to ammonium thiocyanate. ( 2 ) If boiled "with alkalis, 
hydrochloric acid or sulphuric acid, it decomposes according to the 
equation : 

CSN 2 H 4 -f 2 H 2 O = CO 3 -f 2 NH 3 + HaS. 

(3) Silver, mercury, or lead oxides and water convert it, at ordinary 
temperatures, into cyanamide, 0 ^ 2112 ; and on boiling into dicyandi- 
amide (p. 515). (4) ElMn 04 changes it, in cold aqueous solution, into 
urea. (5) In nitric acid solution, or by means of H 302 in oxalic acid 
solution, salts of a disulphide, [NH 2 *C(: NH)-S — not knowir in a 
free state, are produced (Ber. 24 , "R. 71). (See Ber. 25 , R, 676, 
upon the condensation of thiourea -with aldehyde-ammonias.) Sul- 
phourea condenses with a-chloroaldehydes and oc-chloroketones to 
aminothiazoles (Vol. III). It yields aromatic glyoxaline derivatives 
(VoL III) when heated with benzoin. 


Constitution , — ^The behaviour of thiourea when oxidized in acid solution, and 

NIT 

certain other reactions, rather support the formula NH ; instead of the 

diamide formula {c/. J, pr. Chem. [2] 47, 135). 

Werner has suggested, on the grounds of the high melting point and solubility 

< NHa 

I . On the ground 

of the equivalence of the atoms combined with the C atom. Lecher has suggested 


the dipole formula S 


-•c/ 






which also represents the hybrid nature of 


thiourea. (Discussion on constitution, see Ann. 438, 169.) 

Salts , — Thiocarbamide forms salts with one equivalent of acid, to which the 

x-NHg) 

name ^iuronium salts and the constitution ^ has been ascribed. 

\-NHjJ 

(See also Ann. 445, 35.) 

The nitrate, CSN 2 H 4 , NHO 3 , forms lai'ge crystals. Hydrochloride, see 0* 1902, 
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I, 113. Gold chloride and platinum chloride precipitate red double salts from the 
concentrated solution. Silver nitrate precipitates the complex, JS.AgNOs (Ber. 
24 , 3956 : 25 , 583). These numerous heavy metal compounds may be regarded 
as organic molecular compomids (see Pfeiffer, Org. Molekiilverb., 1922, p. 130). 

Alkylthiocarbamides, in which the alkyl groups are linked to nitrogen, are 
produced — 

(1) On heating the mustard oils with primary and secondary amine bases 
{A, W. Hofmann^ Ber. 1, 27) : 

NH3 + CS : N C2H5 = NHa-CS-NHCgH^. 

Ethylthiociirbainicle. 

NHg-CaHs + CS : N C2H5 - NHC2H5CSNHC2H3. 

fiy/w.-I)iethylthiocurbaniide. 

NH(C2H5)2 + CS : N-CjHs -= N(C2H5)2CSNHG.>H5. 

Triethylthiocarbamide. 

(2) By heating the amine salts of the alkyl dithioearbamic acids (Ber. 1 , 25) 
(p. 506) : 

CgHsNHCS-SNHaCaHs = CgH^NH-CS-NHCaHs + H^S. 

(3) By heating the corresponding aminothiocyanates (Ber. 24 , 2724 : 26, 
2497). 

Ethylthiocarbamide, NHgCSNH-CaHs, m.p. 113°, dissolves readily in water 
and alcohol. sym.-Diethylthiocarbamide, CS(NH*C2H5)2, m.p. 77°. Triethyb 
thiocarbamide, m.p. 26°, b.p. 205°. 

Methylthiourea, m.p. 119°. sym..‘Dimethylthiourm^ m.p. 61° (Ber. 24 , 2729 ; 
28 , R. 424). misym.-Dimethylthiourea, NH2CSN(CH3)2, m.p. 159° (Ber. 26 , 
2505). Tetramethylthioureaf m.p. 78° (Ber. 43 , 1857). 

Propylthioureat see Ber. 23 , 286 : 26 , R. 87. 

Allylthiocarbamide, thiosinamine, NHa'CS'NH'CaHg, m.p. 74°, is obtained 
from allyl mustard oil (p. 526) and ammonia. It is readily soluble in water, 
alcohol and ether. It is converted when heated with mercuric oxide or lead 
hydroxide into allylcyanamide (sinamine) (p. 529) which polymerizes to triallyl- 
melamine. Hydrogen bromide converts it into the isomeric propyleiiep6'6Mt/o- 
thiourea (p. 510) (c/. Ber. 29 , R. 684). 

Diallylthiocarbamidef m.p, 49°, is prepared from allyl mustard oil and allyl- 
amine (C. 1898, II. 768). 

Reactions of the Alkyl Thioureas, 

(1) The thiocarbamides regenerate amines and mustard oils by distillation 
with P2O5, or when heated in HCl-gas : 

CgHfi-NHCSNHCaHg == CgHgN : C ; S -{- NH2C2H3. 

(2) The sulphur in the alkyl thiocarbamides will be replaced by oxygen if 
these compounds are boiled with water and mercuric oxide or lead oxide, 
(o) Those that contain two alkyl groups yield the corresponding ureas : 

(C3H5NH)3CS + HgO = + HgS ; 

whereas (5) the mono-derivatives pass into alkyl cyanamides (and melamines) 
after parting with hydrogen sulphide (p. 529). 

C2H5NHCSNH2 C2H5ISIHC : K + HaS. 

(3) On digesting the dialkyl sulphocarbamides with mercuric oxide and amines, 
sulphur is exchanged for the imido-group and guanidine derivatives appear 
(p. 512) : 

(CaH3NH)aCS + + HgO = (CaH6NH).,C : + HgS + HaO. 

Consult Ber. 23, 271, upon the constitution of the dialkyl sulphoearbamide.s. 


Ethylenethiocarbamide. 


idc,CS<^^ 


NHCHa 


/NH-CH. 


I or HS- } _ , m.p. 195°, is obtained 


\NHCHj ca 

from ethylenediamine and carbon disulphide (Ber. 5, 242). 

yNHC(CH3)a 

Pimcolyl thiocarhamidef carbothiacetonine, SC\ | , m.p. 240-243°, is 

\HHC(CHs), 
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formed by the action of ammonia on carbon disulphide and acetone (Ber. 29, 
K. 669). 

Derivatives of psewdothiocarbamide. — ^In the preceding derivatives — 
whether they are derived from the sym,- or unsym,- sulphocarbamide formula or 
not — ^the alkyl groups were in all cases joined to nitrogen, whereas the compounds 
about to be described must be considered as derivatives of p^ewdosulphocarbamide. 

The alkyl ^seudosulphocarbamides result upon the addition of alkyl iodides to 
the thioureas. The alkyl groups contained in them are itoown to be united with 
sulphur because, when they are acted on with ammonia, they are changed to 
guanidines and mercaptans. They also easily condense, like the j/r-urea ethers 
(p. 503), with ^-aldo- and jS-keto-carboxylic esters into the cyclic derivatives and 
mercaptopyrimidines, which are hydrolysed into mercaptans and pyrimidines 
{Ber. 11, 492 : 23 , 2195: C. 1903, 1. 1308: 1905, L 1710): 


»/f-Methylthiourea Sodium foimyl- 

hydriodide. acetic ester. 


Methylthioloxypyrimi- 

dine. 


Alkylene Derivatives of psettdothiourea. 

/S-— CHjs /S—CHg 

Ethylenevsendothiourea, HN : C<f | , or NH 2 C<^ | , m.p. 85®, is 

obtained from bromoethylamine hydrobromide and potassium thiocyanate. It 
is a base with strong basic properties, and its salts crystallize well (Ber. 22, 1141, 
2984 ; 24, 260). 

< — CH-CHs 

} , formed from bromopropyl- 

r— CHa 

amine and potassium thiocyanate, is perfectly similar. It also results from 
allylthiourea by action of hydrobromic acid (p. 509) : 


CHoNH-CSNHo 


+HBr CHa-CHBr 

-> I 


^HBr CH3CH S' 

> I 


•NH« 


NNN'S’Tetramethylp&eMdothioureaf MeS*C( : NMe)*NMe 2 , is a compound con- 
taining alkyl groups attached to sulphur and also to both nitrogen atoms. It 
is a colourless liquid, b.p. 176®, which is obtained from trimethylthiourea and 
methyl iodide (Bull. Soc. Chim. [4] 7, 988) or methyl sulphate. This compound 
and the isomeric tetramethylthiocarbamide (p. 509) yield with methyl iodide 
the same thiuronium compound (Ann. 438, 171). 

Acetylpseudothioureaf NH 2 *C( : NH)‘S‘COCH 3 , m.p. 165®, is obtained from 
thiourea by heating it with acetic anhydride ; also from cyanamide (carbodiimide, 
p. 528) and thioacetie acid. This second method argues for the compound being 
a derivative of p5fi?/dosulphocarbamide. 

OarbalJcoxy carbamides, thio- or ilz-thio-allophanic esters^ BOOC*NHCSNH 2 or 
R 00 C*SC(NH)NH 2 , is produced by the addition of ammonia or amines to the 
earbalkoxy thioearbimides (p. 528) (C. 1901, II. 211), and by the interaction 
of chlorocarbonic esters on thiourea (C. 1903, I. 1123). Dithiobiuretf RgNCS- 
NR-CSNR.,, and t/i^dithiobiuret, R 2 lSrC(NR)S*CSNR 2 (Ber. 37, 4317). 

pscifdoThiohydantoiA, CSH 4 N 2 S (below), is obtained when chloroacetic acid 
(Ann. 166, 383 : Ber. 31, 137) acts on sulphocarbamide, and was formerly 

< NHCO 

1 . However, its formation 

NH'CHg 

from cyanamide and thioglycollic acid (p. 429) and its decomposition, when 
boiled with barium hydroxide solution, into thioglycollic acid and dicyandiamide 
prove that it is a pseiidothiocarbamide derivative, which contains the ring 
occuiTing in thiazole compoimds (Ber. 12, 1385, 1588). Similar thiazole deriva- 
tives result when monoehloroacetic acid is replaced by oc-bromopropionic acid, 
bromomaleie acid, and other halogen-carboxylic acids ; also when unsaturated 
acids are employed, such as eitraconic acid, to react with thiourea (C. 1897, I, 
853). p^awdoThiohydantoin crystallizes in long needles, which decompose at 
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about 200°. When boiled with acids, it loses ammonia and is changed into 
wothiocyanoacetic acid (p. 526). It is closely related to rhodanic acid (p. 507) : 
yNHCO yNHCO /NHCO 

OC<( 1 SC< I HN : C< | 

\S— CHa XS—CHa XS—CHs 

isoThiocyano- Ehodaruc acid. pseudoThiohydantoia. 

acetic acid. 

Alkyl hydroxythioureas are formed by the action of an ethereal solution of 
anhydrous hydroxylamine and j3-alkylhydroxylamines on mustard oil in ether. 
The monoalkylhydroxythioureas readily decompose into sulphur and alkyl ureas 
(c/. on the contrary phenyl hydroxythiourea (Vol. II)) ; the dialkyl hydroxy- 
thioureas are stable. Ethylhydroxy thiourea, CgHsNH-CSNOH, m.p. 109° ; sym.- 
diethylhydroxythiourea, CaHaNH^CS-NCgHglOH, m.p. 81° (Ann. 298, 117). 

Hydrazine Derivatives of Thiocarbonic Acid. — Dithiocarbazinic acid 
hydrazine salt, NHgNH’CS'SNHg'NHg, m.p. 124°, is formed by the interaction 
of hydrazine hydrate and CSg (Ber. 29, R. 233). a-Oarbamyl p-thiocarbamyU 
hydrazine, HaN'CSNH-NHCONHg, m.p. 218-220° {decomp. ), is formed from 
thiosemicarbazide hydrochloride and potassium cyanate (Ber. 29, 2508). Boiling 

NHCS 

concentrated hydrochloric acid converts it into thiourazole> m.p. 

NHCO^ 

177°. (x^-Dithiocarhamylhydrazine, NHgCSNH'NHCSNHg, m.p. 214°, results 
when a solution of hydrazine sulphate and ammonia thiocyanate is boiled (Ber. 
26, 2877). , , 3 ^ 

Thiosemicarbazide, NH2*NHCSNH2, m.p. 181°, is formed together with 
a^-dithioearbamyl hydrazine (see above), when hydrazine sulphate and am- 
monium thiocyanate are boiled together in solution. Like semicarbazide (p. 503) 
it readily reacts with aldehydes and ketones to form thiosemicarbazones, RCH 
NNHCSNHg, RgC : NHNCSNHj. They are particularly suitable for isolating 
aldehydes and ketones on account of the insoluble precipitates given with silver, 
mercury, and copper salts (Ber. 35, 2049). A-Methylthiosemicarbazide, CHgNH*- 
CSNHNHg, m.p. 137° ; 2 : 4^-dimethyUhio8einicarbazide, CHgNH'CSNiCHsjNHg, 
m.p. 138°, and 2 j d-methylallylthiose7nicarhazide, m.p. 57°, are prepared from 
hydrazine and methyl hydrazine with methyl and allyl mustard oil respectively. 
They combine readily with aldehydes (Ber. 37, 2320). a^-Dithiocarbamyl 
dmllylamine, CgHBNH-CSNH-NH-CSNHCgHg (Ber. 29, 859). 

Formylmethylthiosemicarbazide, m.p. 167°, yields, with acetyl chloride methyl- 
invidothiohiazoline, m.p. 245° (Ber. 27, 622) ; 

NH— NH NH 


CHgNHCS CHO 


CHaN : C— S— CH. 


^NH, m.p, about 245° (clecomp.), is formed on heating 

s/ 


NH— CSn 
Dithioiirazole, | 

NH— CS/ 

aj3-dithiocarbamylhydrazine with hydrochloric acid. The hydrochloride of imido- 
NH-C8 V 

thiourazole, j >NH, is produced at the same time (Ber. 28, 949). 

NH*C(NH)/ 

Appendix. Potass'kim diazomeilianedisulphonate, N2C(S03R)2, orange-yellow 
needles, is prepared from potassium aminomethanedisulphonate, NH2CH{S03K)2, 
the addition product of potassium cyanide and two molecules of potassium, 
bisulphite, by means of nitrous acid. With iodine it yields potassium di-iodo- 
7nethanedisulpho7mte, I2C{S08K)2 j and is converted by heat into potass'iutn 
azinomethanedisulpJmiaie, {SOqK) 2 C : N*N : C(S03K)2, in the form of colourless 
crystals. The action of diazobenzene (Vol. II) on the potassium bisulphite 
compound with potassium diazomethane disulphonate produces po^ssiu7n 
7 nethanedisulphomte phenylhydrazone, CgHg-NHN : C(S03K)2 and ultimately 

Jorinazylsulphonic acid, (Ber. 29, 2161). 

Guanidine and its Derivatives 
Guanidine is, upon the one hand, very closely related to ortho- 
carbonic ester (I) urea and thiocarbamide, and, upon the other, to 
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cyaaamide (II) (p. 528), and all are inter-coimected by a series of 
reactions. 

I. CIOCjHs), + 4 NHj >- C(NHj) 4 NH : ClNHa)^ + NH, 

Ethyl Unknown. Guanidine, 

orthocarbonate. 

II. NHg-C • N + NHs ^ NH : CCNHa)^. 

Cyanainide. 

Guanidine may be regarded as the amidine of carbamic acid, just 
as the pseudo-iovms, of urea and thiourea, HO*C(: NH)*NH 2 and 
HS’C(: NH)*NH 2 , are the amidines of carbonic and thiocarbonic acids. 

Guanidine, HN : C(NH 2 ) 2 , was first obtained {A. Strecker, 1861) 
by the oxidation of guanine (a substance closely related to uric acid, 
and found in guano) with hydrochloric acid and potassium chlorate. 
It is found in vetch seeds and in beet-juice (Ber. 29, 2651). It is 
also important as the substance from which creatine is derived. It 
is formed synthetically ( 1 ) by heating cyanogen iodide and NH 3 , and 
from cyanamide (p. 528) and ammonium chloride in alcoholic solution 
at 100 ^ : 

NHo-G=^N + NH4CI = (H2N),C : NH,HCI. 

This is analogous to the formation of formamidine from hydro- 
cyanic acid. 

(2) It is also produced by heating chloropicrin or (3) esters of 
orthocarbonic acid, with aqueous ammonia : 

CCl 3 (N 02 ) + 3NH3 = (H2N)2C : NH + 3 HC 1 -f HNOg 

CtOCgHs)^ 4 - 3NH3 = (H3N)2C : NH + 4C2H5OH. 

(4) It is most readily prepared from the thiocyanate, which is 
made by prolonged heating of ammonium thiocyanate to 180-190°, 
and the further transposition of the thiourea that first forms (Ber. 
7 , 92) : 

2NH4SNC = 2(H2N)2CS = (H2N)3C : NH,CNSH + H^S. 

The crystals of guanidine are very soluble in water and alcohol, 
and deliquesce on exposure. Barium hydroxide solution changes it to 
urea. Guanidine salts of the fatty acids are converted by heat into 
guanamines, which will be described with the cyanuric compounds 
(p. 520). 

SaUs . — Guanidine is a strong base which absorbs carbon dioxide 
from the air and forms crystallme salts with one equivalent of acid. 
In these the acid hydrogen becomes attached to the imino-nitrogen 
thus : (NH 2 ) 2 C : NHHCl (Ann. 438 , 154). 


The nitrate, B-HNOg, forms largo plates, sparingly soluble in water. The 
hydrochloride, forms a platinichloride crystaUizing in yellow needles. The 

carbonate, forms quadratic prisms : it reacts alkaline, and has been 

used for the standardizing of standard acid solutions. The thiocyamte, J5*HSCN, 
crystallizes in large plates, m.p. 118®. 

SUver guanidine, CNgAgaHs, HgO (Ann. 302, 33). 

Alkylguanidines. — Alkylguanidines are formed (1) by heating cyanamide 
with primary amine hydrochlorides, e*g, methylamine hydrochloride yields 
methylguanidine. 

(2) By boiling 5^w.-dialkylthioureas (p. 509) with mercuric oxide and ethyl- 
4 amine in alcoholic solution (Ber. 2, 601), e,g. triethylguanidine. 

Mhylgmnidine. Ficrate, m.p. 180° (Z. physiol. Chein. 154, 293). 

liiW-Di'metkyhW-ethylguanidme, Ficrate, m.p. 148-152®, (Z. physiol. Chem. 
154 , 293 ). 



GUANIDINE AND ITS DERIVATIVES 513 


The alkylguanidines are reconverted into thioureas by heating with carbon 
bisulphide, the : NH group being replaced by S. 

Pentaalkylgtianidines are obtained from tetraalkylps^'wdo thioureas and dialkyl- 
amines, preferably in presence of mercuric chloride (Ber. 56, 1326) : 

+ HNRj j. NRj + BSH. 


Pentamethylguanidinet m.p. 160°, adds on one mol. of methyl iodide readily, 
to form hexamethylguanidonium iodide. 

Ethylenegimnidine, from cyanogen bromide and ethylenediamine. Hydro- 
bromide^ m.p. 125° (Ann. Chim. [9] 11, 301). Ethylenediguayiidine, from ethy- 
lenediamine and <S-methylp6Ywdothiourea (Z. physiol. Chem. 155, 306). 

Agmatine, Z-aminobutylguamdmey NH 2 *C(:NH)‘NH-[CH 2 ] 4 *NH 2 , the base 
corresponding to the amino -acid arginine, has a weak insulin-like action on the 
blood sugar (Naturw. 1927, 213). Systematic synthetic studies in an attempt 
to improve this blood-sugar lowering effect of agmatine led to the discovery of 
ftynthalin, decameihyleriedigitanidiney NH 2 *C(;NH)*NH*[CH 2 ]io*NE[*C(:NH)‘NH 2 » 
which has a definite blood-sugar lowering effect (Frank, Nothmann and Wagner, 
Klin. Wochenschrift, 1926, 2100). Subsequent investigations have shown that 
a large part of its action is due to toxic effects on the liver, and it has not fulfilled 
the original hopes as an insulin substitute effective when taken by mouth. 

Vitiatiney Ji^-inethylethylenedigiianidinef !NH 2 *C( : NH)*NH*[CH 2 ] 2 *NMe«C- 
( : NH)*NH 2 , is a base isolated by Kutscher from urine and meat extracts. Gold 
salt, m.p. 167°. Synthesis from cyanamide and N-methylethylenediamine, Z. 
physiol. Chem. 153, 67 : Z. angew. Chem. 39, 677). 

Acylguanidines are obtained by heating guanidine hydrochloride with acid 
chlorides under pressure (C. 1903, II, 988). 

Guanidino Acids. — The important compounds creatine and creatinine 
belong to this class of substances. 

Glycocyamine, guanidinoacetic acid, NH 2 *C( : NH)*NH*CH 2 *COOH, is obtained 
by the direct union of glycocoll with cyanamide ; or by heating guanidine car- 
bonate with glycocoll (C. 1905, I. 156) : 


NH2(NH)CNH2 + NH 2 CH 2 COOH = NH2(NH)GNHCH2C00H -h NHg- 


It dissolves with difficulty in cold water and rather readily in hot water, 
whilst it is insoluble in alcohol and ether. It forms salts with acids and bases. 
When heated it becomes carbonized without melting. 


yNHCO 


Glycocyamidine, glycolyl guanidine, 1 , bears the same relation 

Xnhch« 


to glycocyamine as hydantoin to hydantoic acid ; 


/NH, 

Xnhc 


yNHCO 


/NHg 

CO< CO< I ]SrH=C< NH=C< I 

\NHCH 2 CO 2 H \NHCH 2 \NHCH 2 CO 2 H \nhc 

Hydantoic acid. Hydantoin. Glycocyamine. 

It is produced when glycocyamine hydrochloride is heated to 160° or by the 
interaction of guanidine and ethyl arninoacetate at 0° (Z. physiol. Chem. X73, 51). 


/NHCO 

NH=C 

ICH 2 . 

Glycoeyamidine. 


Creatine, methylglycoeyamuie, ynethylgmnidinoacetic acid, 

"NTTT 

NH : was first discovered in 1834 by Chevreul in 

meat extract flesh). Liebig (1847) gave it a thorough in- 

vestigation in his classic research entitled “ Ueber die Eestandtheile 
der Fliissigkeiten des Fleisches (Ann. 62, 257). It is found especially 
in the fluids of muscles and can be prepared from meat extract (Z. 
physiol. Chem. 112, 53). It may be prepared artificially (J, Volhard, 
1869), like glycocyamine, by the union of sarcosine (methyl glycocoll) 
with cyanamide : 

CN-NHg + NH(CH3)-CH2C02H == H2N(NH)C^N(CH3)-CH2C00H. 

VOL. !• LL 
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Creatine crystallizes with one molecule of water in glistening 
prisms. Heated to 100°, it loses the water of crystallization. It 
reacts neutral, and has a faintly bitter taste. It dissolves rather 
readily in boiling water, but with difficulty in alcohol ; and yields 
crystalline salts with one equivalent of acid. 

(1) When digested with acids, creatine loses water and becomes 
changed into creatinine (see below), and (2) with barium hydroxide 
solution it is converted into urea and sarcosine : 

•NH : C<^fe,).cH,CO,H + = CO<NH» + NH(CH3)CH,CO,H. 

Ammonia is liberated at the same time, and /?-methylhydantoin 
is formed. (3) When its aqueous solution is heated with mercuric 
oxide, creatine yields oxalic acid and methyl guanidine. (4) With 
acetic anhydride it yields diacetylcreatine, m.p. 165° (Ann. 284 , 51). 

A derivative of creatine, phosphocreatine {phosphagen), to which 
the structure (HO) 2pO*NH-C(: NH)*NMe*CH2*COOH has been assigned, 
is of importance in the chemical reactions which take place during 
muscular contraction (Biochem. J. 21 , 190 : J. physiol. 63 , 155 : 
Science, 65 , 401 : 67 , 169 : J. Biol. Chem. 81 , 629 : Naturwissens- 
chaften, 16 , 47 : Biochem. Z. 195 , 22). 

/NH — CO 

Creatinine, methylglycocyamidiney NH=:C<^ 1 , occurs con- 

(0113)0112 

stantly in urine (about 0*25%, and is readily obtained from creatine 
by evaporating its aqueous solution, especially when acids are present. 
It crystallizes in rhombic prisms, and is much more soluble than 
creatine, in water and alcohol. It is a strong base, which can expel 
ammonia from ammonium salts and yields well-crystallized salts with 
acids. It also forms a number of compounds with neutral salts and 
its zinc chloride compound, (C4H7N30)2,ZnCl2, is characteristic. The 
latter is a sparingly soluble crystalline powder precipitated from 
creatinine solutions by the addition of zinc chloride, and creatinine 
can be obtained from urine by making use of this compound. 

(1) Bases cause creatinine to absorb water and revert to creatine. 

( 2 ) Boiled with barium hydroxide solution it decomposes into j?-methyl 
hydantoin and ammonia : 

/NH CO ~ /NH CO 

NH : C< I H- H2O = CO< I -f NH3, 

\N(CH3)— CH2 \N(CH3)— CH2 

(3) When boiled with mercuric oxide it breaks up like creatine into 
methyl guanidine and oxalic acid. 

When creatinine is heated with alcoholic ethyl iodide, the am- 
monium iodide of eihylcreatinine, C4H7(C2H5)NsO*I, is produced. Silver 
oxide converts this into the ammonium base, C4H7(C2H5),N30*0H, 

Crmtinolf NH^-Ci : NH)*NMe*CH2*CH20H, is obtained from ;ps6^^othiou^ea 
ethers and methylaminoethanol (Z. angew. Chem. 39, 677). 

acid, (N 2 Hs)C-NH*CH(CH 3 )COOH, m.p. 180°. ^-Quani- 
dimpropionic acid, m.p. 206-213®, with decomposition, when heated with hydro- 
chloric acid yields the hydrochloride of B-alacreatinme, HN : ilNHCHoCHaCOlIj'H 
(C. 1905, I. 156). 

Ouaneides of Carbonic Acid. — Guanoline, guanyl urea, biguanide, and 
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probably dicyandiamide, corresponding with allophanic ester, biuret, and cyan- 
urea (p. 602), are derivatives of the guaneide of carbonic acid. This is not known, 
and probably cannot exist : 


Allophanic ester. 


^^^NHCONHo 


Cyannrea. 


NH : 

Gnanoline. 


NH : C<^^0NH2 
Guanyl urea. 


NH : C<ot5(NH)NH2 
Biguanide. 


Dicyandiamide (?). 


Guanoline, guanidinocarboxylic eater, NH : q jj + iHgO, m.p., 

dehydrated, 114°. It is obtained from guanidodicarbonie diethyl ester, NH : C- 
(NjEI*C02C2H5)2, m.p. 162°, the reaction-product arising from chlorocarbonic ester 
and guanidine, through the action of ammonia (Ber. 7, 1588). 

"NTTr 

Dicyandiamiddne, guanylurea, NH : , is formed (1) by the 

action of dilute acids on dicyandiamide or eyanimide, or (2) by fusing a guani- 
dine salt with urea (Ber. 7, 446), (3) from urea by heating it with benzene sulpho- 
chloride, whereby it is obtained as a benzene sulphonate (C. 1901, I. 885). It 
is a strongly basic, crystalline substance. It forms a copper derivative having 
a characteristic red colour, and a yellow nichel compound, Jf(N4H50C2)2 -f HgO 
(Ber. 39, 3366). When digested with barium hydroxide solution it decomposes 
into CO2, 2NH3, and urea (Ber, 20, 68). 

NH 

Biguanide, guanylguanidirie, NH ; is formed (1) on 

heating guanidine hydrochloride to 180-185° ; (2) when cyanoguanidine is 
heated with ammonium chloride. It is a strongly alkaline base, forming a copper 
derivative with characteristic red colour. Chloroform and alkali hydroxide 
convert it into formoguanamine (p. 531). 

NH 

Dicyandiamide, param, cyanoguanidine, NH : C<Cnh*CN’ 


suits from the polymerization of cyanamide upon long standing or by evaporation 
of its aqueous solution, and can easily be prepared from technical calcium or 
sodium cyanamide (p. 529) (C. 1905, II. 1530, etc.). Contrary to the two sub- 
stances described above, it is a neutral body. Ammonia converts it into bi- 
guanide ; dilute acids into gnanyl urea. With piperidine it forms a biguanide 
derivative (Ber. 24, 899 : 25 , 525), with hydrazine hydrochloride when heated 

C '^HNH 

I , m.p. 206° (Ber. 27, 
•HC : NH 


B. 6^83) ; both reactions form a basis for the ascribed formula. 

Thiocyanodiamidine, guanylthiourea, NH2CSNHC(NH)NH2, is obtained 
from thiourea and BCI5 or thiophosgene. It is isomerized at 100° to guanidine 
thiocyanate. Silver salts produce dicyanodiamide with loss of H^S (c/. Ber. 36, 
3322), 


Nitro-, amino-, and Hydroxy- guanidines and their transposition 

products. 

Of these substances, nitroguanidine is the most suitable material for the 
preparation of a series of remarkable guanidine and urea derivatives {Thiele, 
Ann. 270, 1 : 273, 133 : Ber. 26, 2598, 2045). 

Nitroguanidim, NH2*C(:NH)-NHN02, m.p. 230°, results entreating guanidine 
with a mixture of nitric and sulphuric acids. It dissolves with difficulty in cold 
water, more readily in hot water, and particularly freely in alkalis, because of 
its feeble acid character. 

Nitrosoguanidine, NH 2 *C(:NH)-NH*NO (?), is produced by reducing nitro- 
guanidine with zinc dust and sulphuric acid. It consists of yellow needles, which 
explode at 160-165°. 

Amimguanidine, NHg*C(:NH}*NH*NH2, results when nitro- and nitroso- 
guauidine are reduced with zinc dust and acetic acid, or by electrolysis in neutral 
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solution with a zinc cathode (C. 1906, 1. 1066), and can be precipitated as a slightly 
soluble bicarbonate (Ann. 302, 333). Free aminoguanidine decomposes readily 
when boiled with acids, with the intermediate formation of semicarbazide (p. 503), 
into carbonic acid, ammonia, and hydrazine, which can therefore be conveniently 
prepared in this manner : 

^ ^ + NHj 

Aminoguanidine forms well-crystallized compounds with dextrose, galactose, 
and lactose and many other aldehydes and ketones (Ber. 28, 2613). Glyoxal 
and a-diketones with aminoguanidine lose water and form bis-aminoguanidones 
(Ann. 302, 275) : aromatic diketones, on the other hand, yield 1:2: 4-triazine 
derivatives (Ann. 302, 275, 301 : J. Indian Chem. Soc. 4, 183). 

Nitroamimguanidiney N 02 'NH*C( ; NH)‘NH-NH 2 , is obtained from nitro- 
guanidine and hydrazine in dilute aqueous solution at 50-60°. It decomposes 
explosively at its melting point and forms explosive copper and silver derivatives. 
Its nickel salt in alkaline solution has a blue colour, and its formation provides 
a delicate test for nickel (J.A.C.S. 50, 2465). 

/NH— N 

Aminotriazole, NHaC/ H , m.p. 159% is formed from formyl amino- 
CH 

guanidine nitrate and soda (Ann. 303, 33). See also Guanazole (above). 

NH2'v.r« xr XT ; 3 1 


Azodicarbondiamidiney i 


2>C--N= 


is obtained as nitrate when 


aminoguanidine nitrate is oxidized with KMnO^. * The nitrate forms a yellow, 
sparingly soluble, crystalline powder, which explodes at 180-184°. It passes 
into azodiearbonamide (p. 504) when boiled with water. 

Hydrazodicarhonamidiney — NH — ^NH — results as nitrate 

when azodicarbonamidine nitrate is reduced with H 2 S. 

Azidocarbamidiney carbamide imidazide, I| — 0^ , corresponds with 

n/ \]srH2 

carbamic acid azide (p. 504). It is only stable in solution, since it very readily 
^merizes into aminotetrazole (see below) : nitrate, (CN 5 H 3 )HN 05 , m.p. 129°, 
is obtained from aminoguanidine and potassium nitrite in nitric acid solution, 
in the form of colourless crystals. Excess of sodium hydroxide solution converts 
it partially into cyanamide and hydrazoic acid. These substances unite in 
aqueous solution probably to re-form azidocarbamidine, which is simultaneously 
isomerized to aminotetrazole (Ann. 314, 339) : 

/N HaNx /N 

Cyanamide. Hydrazoic acid. Aminotetrazole. 

Diazoguanidine cyanide, aminodmino-methyl cyanotriazene, ^^*>0 — — 

^=^“*01^, is produced from azidocarbamidine nitrate and potassium cyan- 
ide. The aimde, obtained „ from the nitrile, takes up bisulphite and forms 
a triazanderivative — sodium triazandicarboxylic amidine amidosulphonate, 

N 

Azotetrc^le, * results when ammotetrazole 

is oxidized by potassium permanganate (Ann. 303, 57). 

moCyamtetrabromide or tetrabromoformalazine, Br 2 C=N— N^CBr*, m.p. 42°, 
is product when hydrazotetrazole, the reduction-product of azotetrazole, is 
treated with bromine (Ber. 26, 2645). With alkalis isoeyanotetrabromide 
apparently yields isocyamxide, CO =N— -N «CO ( ?), or a polymer of it. Should 
m o^diz^le body like alcohol be present, isooyanogen, C=N — N=C (?), is pro- 
ved. This substance has an odour very much like that of i^onitriles. Sodium 
w Mocyanotetrahromide into azimethyl carhomU 

(Ann. 303, 71). 
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Diatnirioguanidine, HN : C(NHNH 2 ) 2 > obtained as a hydrochloride or hydro- 
bromide by the action of cyanogen chloride or bromide on hydrazine. DibenzaU 
dwbmimguanidinc, HN : C(NHN : CHC 6 H 5 ) 2 , m.p. 180°, exists as yellow needles. 
Hydrazine and two molecules of cyanogen bromide form guanazintf 

NH— C(NHK 

HN : C(NHNH) 2 C : NH, or j >NNH, (Ber. 37, 4524 : C. 1905, II. 

NH— C(NH)/ 

122 ). 

Triaininoguanidine, H 2 N-N : C(NHNH 2)2 ; its hydrochloride is obtained by 
heating hydrazine hydrate with carbon tetrachloride in a stream of ammonia. 
Tribenzal triami^hoguanidinc, CgHgCH : NN : C(NHN : CHC 6 H 5 )a, m.p. 196°, is 
hydrolysed into benzaldehyde, hvdrazine, and carbohydrazide (p. 504) (Ber. 37, 
3548). 

DikydroxyguanidinCf obtained as hydrobromide from 

cyanogen bromide and hydroxylamine in methyl alcohol. It is stable to acids, 
but is changed immediately by alkalis into an unstable red azo hody^ which becomes 
ultimately converted into azoxybismethenylamidoxime, H 2 NC{N 0 H)*(N 20 )C- 
(N 0 H)NH 2 , hydrazodicarbonamide, and other substances. 

Ammo-methyl-nitrosilic acid^ is produced when alcoholic 

potassium hydroxide decomposes the above-mentioned intermediate azo -body. 
It consists of very unstable green tabular crystals, and combines to form blue 
or green salts ; potassium salt is deposited from alcohol as steel-blue brilliant 
needles (Ber. 38, 1445). 

Nitriles and Imides of Carbonic and Thiocarbonic Acids 

The compounds cyanic acid, thiocyanic acid, cyanogen chloride 
and cyanamide can be represented as the nitriles of carbonic, thio- 
carbonic, chloroformic and carbamic acids. 

HO-COOH HS*COOH CICOOH NHa-COOH - 

Carbonic Thiocarbonic Chloroformic Carbamic 

acid. acid. acid. acid. 

HOCN HS-CN Cl-CN NHaCN 

Cyanic Thiocyanic Cyanogen Cyanamide. 

acid. acid. chloride. 

For the nitriles, with the exception of cyanogen chloride, another 
formulation is possible : 

HN : CO HN : CS HN : C : NH 

ijjoCyanic isoThiocyanic Carbodiimide, 

acid. acid. 

Alkyl derivatives are known corresponding to both formula of 
each of these compounds, and their constitution is made clear by 
their reactions, but for the free acids and free cyanamide the problem 
is not so simple. To thiocyanic acid the normal formula N : C*SH 
is usually ascribed, but to cyanic acid itself the i^o-formula HN : 0 : O 
on the grounds of the formation of isocyanic esters by the action of 
dia:5omethane (C. 1906, II. 1723). 

Cyanamide and cyanic acid possess a remarkable tendency to 
polymerization, the former yielding dicyandiamide and tricyantri- 
amide (melamine), the latter cyamelide and cyanuric acid. The 
polymers will be discussed after the corresponding monomeric com- 
pound. 

Oxygen Derivatives of Cyanogen, their Isomerides and ' 
Polymerides 

Cyanic acid, HN : CO or HO-C : N, isomeric with fulminic acid 
or carbyloxime (p. 294), is obtained by heating the polymeric cyanuric 
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acid. The vapours which distil over are condensed in a strongly 
cooled receiver. 

The acid is only stable below 0®, and is a mobile, very volatile 
liquid, which reacts strongly acid, and smells very much like glacial 
acetic acid. It produces blisters upon the skin. At about 0°, the 
aqueous solution is rapidly converted into carbon dioxide and 


ammonia : 


HONC + HaO = COg + HNa- 


At 0®, the liquid cyanic acid passes rapidly into the polymeric 
cyamelide — a white, porcelain-like mass, which is insoluble in water, 
and when distilled reverts to cyanic acid. Above 0°, the conversion 
of liquid cyanic acid into cyameMe and cyanuric acid (C. 1902, 1. 526) 
occurs, accompanied by an explosive generation of vapour (c/. 
Formaldehyde, p. 233). Cyanic acid dissolves in alcohols, yielding 
esters of allophanic acid (p. 501). 

Cyamelide is also obtained by grinding together potassium cyanate 
and crystallized oxalic acid, and washing out with water. It is a 
loose white powder, only slightly soluble in all solvents. Prolonged 
boiling with water decomposes it into NH 3 , CO 2 , and partly into 
cyanuric acid (p. 520). When digested with concentrated sodium 
hydroxide solution it is converted completely into tri-sodium cyanurate. 

This probably corresponds with the formula 0 ><^Q|^g|[Q^C(NH) ; it 

is therefore analogous to trioxymethylene (p. 236) (Ber. 38, 1013). 

Potassium cyanate, potassium isocyanate, {ordinary potassium 
cyanate), KO*C ; N or KN ; 0 : 0, is formed in the oxidation of potas- 
sium cyanide in the air, or with some oxidant like lead oxide, minium, 
potassium permanganate (Ber. 36, 1806), or sodium hypochlorite 
(Ber. 26, R. 779). It is most conveniently made by heating small 
portions (3-5 gm.) of an intimate mixture of 100 parts potassium 
ferrocyanide and 75 parts of potassium bichromate in an iron 
dish, during which NHb should not be set free (Ber. 26, 2438). It 
results, too, on conducting cyanogen or cyanogen chloride into potas- 
sium hydroxide solution (Ber. 23, 2201). Alkali cyanates have 
more recently been manufactured by the direct combination of 
disodium cyanamide with carbon dioxide at high temperatures : 

Na*N ; C : N*Na + CO 2 >»2Na*N:CO (Z. angew. Chem. 38, 

642 : c/. cyanide manufacture, p. 287). 

The salt crystallizes in shining leaflets, resembling potassium 
chlorate, or in quadratic plates (Ber. 27, 837), and dissolves readily 
in cold water, but with difficulty in hot alcohol. In aqueous solution 
it decomposes rapidly into ammonia and potassium carbonate. 


Potassimn cyanate precipitates aqueous solutions of the heavy metals. 
The lead, silver, and rmrcurcnis salts are white, the cupric salt is green in colour. 
Lead cyanate is quantitatively hydrolysed to carbonate and urea when boiled 
with water (C. 1904, I. 160). 

Ammotdum cyanate, NH4*00 : N or NH 4 *N : G : 0, is a white crystaUine 
powder, formed by contact of cyanic acid vapours with dry ammonia, or by mixing 
ethereal solutions of cyanic acid and ammonia (C. 1900, I. 107). Potassium 
hydroxide decomposes it into potassium cyanate and ammonia. On heating 
the diy salt to 60°, or by evaporating its aqueous solution, it passes into the 
isomeric urea (p. 494). 

The cyanates of the primary and secondary amines are similarly converted 
into alkylureas, whereas the s^ts of the tertiary amines remain unchanged. 
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Esters of normal cyanic acid, cyamtholines, RO— C^N, are 
not known (Ann. 287, 310). Imidocarbonic acid esters (p. 501) are 
produced when cyanogen chloride acts on sodium alcoholates in 
alcoholic solution. 

Esters of isoCyanic Acid^ AlkylCarbimides ot AlkylisoCyanates, — 
W^irtz prepared these, in 1848, (1) by distilling potassium ethyl sul- 
phate with potassium cyanate : 

{CaH5)KS04 + KN : CO = CgHgN : CO + K 2 SO 4 . 

Better yields are obtained by the use of dimethyl or diethyl 
sulphate (Ber. 58, 1320). Cyanuric esters are simultaneously produced 
in this reaction. 

(2) isoCyanic esters are also produced by oxidizing the carbyl- 
amines with mercuric oxide : 

C^Hb-NC + 0 = C^Hb-N : CO ; 

(3) by the action of silver cyanate on alkyl iodides at low tempera- 
tures (together with esters of cyanuric acid, p. 520) : 

C^HbI + AgN : CO = C,HbN ; CO + Agl ; 

and (4) by heating the dry mercuric chloride double salt of the alkyl 
carbamine thiolio acids (p. 506) (Ann. 359, 202) : 

CaHBNH-CO-S-HgCl > CaHBN : CO + HgS + HCl. 

These esters are volatile liquids, boiling without decomposition, 
and possessing a very disagreeable, penetrating odour, which provokes 
tears. They dissolve without decomposition in ether. On standing 
they pass rather rapidly into the polymeric tsocyanuric esters. 

hoCyanic methyl ester, CH 3 N : CO, methyl isocyariate, methyl carbimide, b.p. 44® ; 
ethyl ester, C 2 H 5 N : CO, b.p. 60° ; allyl ester, CsHbN-CO, b.p. 82° ; isobutyl ester, 
CONC 1 H 9 , b.p. 101 °. 

Reactions, — In all their reactions they behave like carbimide 
derivatives, in which the alkyl group is united to nitrogen. 

(1) Heated with KOH they yield primary amines and potassium 
carbonate (p. 190). This is the method Wurtz used when he first 
discovered the amines. 

(2) Acids in aqueous solution behave similarly : 

CsHbN : CO -f H 3 O + HCl = COg + CgHBNHg-HCl. 

(3) With the amines and ammonia they yield alkylureas 

(4) Water decomposes them at once into CO 2 and dialkylureas. 
In this decomposition amines form first, CO 2 being set free, and these 
combine with the excess of i$ocyanic ester to dialkylureas {q.v,), 

(5) Fatty acids convert them into primary acid alkylamides, 
R-CO-NHR' (p. 322), COg being simultaneously evolved. 

(6) Acid anhydrides convert them into secondary acid alkylamides, 
(R-Cp)2NR', (p.''322).^ 

(7) The esters of isocyanic acid unite with alcohols, yielding esters 
of alkylcarbamic acids (p. 492). 

(8) As derivatives of ammonia the i5ocyanic esters are capable 
of combining directly with the halogen acids. The products are 
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alkylcarbamyl chlorides (p. 493), from which the zsocyanic esters are 
again separated by distillation with lime : 

HCI 

CaHsNCO > CgHs-HNCO-Cl. 

Ca(OH)a 

GlycocoUio ester isocT/amZc, OC : NCH2CO2C2H5, b.p. 115-120"/15 mm., is 
obtained from glycocollic ester hydrochloride by excess of phosgene in toluene. 
Water converts it into carbiminodiacetic acid^ C0(NHCH2C02H)2, m.p, 167’’. 
Other amino-acids yield corresponding mixed urea derivatives (C. 1906, II. 671). 

Acetyl isocyanate, OC ; N-COCHg, b.p. 80°, is prepared by the action of acetyl 
chloride on mercury fulminate (p. 295), and on silver cyanate (Ber. 36, 3214). 
Alcohol and ammonia convert it respectively into acetylurethane (p. 491) and 
monoacetyl urea (p. 498). 

Metlianesulphojiyl isocyanate, CHgSOoN : CO, m.p. 31°, b.p. 73‘5-'75°/10 mm. 
(Ber. 38, 2015). 

^ Carhethoxyl isocyaimte, CaHsOCO-N : CO, b.p. 116°, is produced from nitrogen 
tricarboxylic ester (p. 502) by means of PgOg. It unites with alcohol to form 
imido-dicarboxylic ester (p. 501) ; and with ammonia to form allophanic ester 
(p. 501). Water converts it to carbonyl diurethane (p. 502) (Ber. 39, 686). 

Cyanuric Acid and its Alkylic Derivatives 

As with cyanic acid, so with tricyanic acid, more than one formula 
is possible : 

(1) (HO)C=N ^C(OH) (2) (HO)C=N' C(OH) (3) OC— NH— C(OH) 

N=C(OH)— N NH— CO— N NH— CO— N 

Normal cyanuric acid. 

(4) OC— NH CO 

NH— CO— NH 
iso- or 2J«e«do-Cyaniiric acid. 

Ordinary solid cyanuric acid, like cyanic acid, is most probably 
to be represented by the imide, or isocyanuric formula (4). When 
titrated with sodium hydroxide and phenolphthalein in aqueous 
solution, it behaves as a monobasic acid, yielding salts according to 
formula (3), Two equivalents of alkali produce dibasic salts, corre- 
sponding with formula (2), which, on boiling, take up a third equivalent 
of the metal and form stable, well-crystallizing tribasic salts, CaNaOaif 3 
(formida 1), some of which are only slightly soluble in water. Corre- 
sponding with these consecutive desmotropic transformations (p. 49), 
the temperature coejBficient of the electrical conductivity (taken as 
of a monobasic acid) of an aqueous solution of cyanuric acid increases 
with increasing temperature : the acid becomes stronger by a change 
of constitution as from formula 4 to 1 (Ber. 39, 139). Its behaviour 
as a pseeedo-acid is shown by the occurrence of isomeric mercury 
salts : O^mercury cyanurate, 03N3(Ohg)3, obtained from trisodium 
cyanurate and mercury salts, is decomposed by alkalis ; 'S-m^rcury 
cyamrate, C303(Nhg)3, is produced from free cyanuric acid and 
mercury salts, and is not decomposed by alkalis (Ber. 35, 2717) 
(hg^iHg.) 

Esters can be obtained from all four formulss, but only those in 
which the alkyl group is united to oxygen can be decomposed by 
alkalis (Ber. 38, 1005). The cyanuric halides (p. 523) are derived 
from formula 1. 

Cyanuric acid, C3N3O3H3, was j&rst observed by Scheele in the 
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dry distillation of uric acid. It is produced (1) by heating tricyanogen 
chloride, C3N3CI3, or bromide (Ber. 16, 2893) with water to 120-130°, 
or with alkalis. (2) Dilute acetic acid added to a solution of potas- 
sium cyanate gradually separates primary potassium cyanurate, 
C3N3O3H2K, from which mineral acids liberate cyanuric acid. (3) It 
is formed, also, (a) on heating urea (6) or carbonyldiurea (p. 502) ; 
(c) on conducting chlorine over urea heated to 130-140° ; (d) when 
urea is heated with a solution of phosgene in toluene to 190-230° 
(Ber. 29, R. 866). 

(а) 3 C 0 (NH 2)2 = C3O3N3H3 + 3NH3 

(б) NHaCONH-CO-NHCONHg = + NHg 

(c) 3C1 + 3C0(NH2)2 = CaOsNsHg + 2NH4CI + HCl + N 

(d) 3COCI2 + 3C0(NH2)2 = 2C3O3N3H3 + 6HC1. 

The evidence in favour of a symmetrical structure for cyanuric 
acid depends on the successive substitution of the three chlorine 
atoms of cyanuric chloride by amino-, methylamino-, and ethylamino- 
groups, which always leads to the same end-product, C3H3(NH2)- 
(NHCH3)(]S[H*C2H5), whatever the order in which the three groups 
are introduced (Ber. 32, 692). 

Cyanuric acid crystallizes from aqueous solution with 2 molecules 
of water (C3N3O3H3 + 2H2O) in large rhombic prisms. It is soluble 
in 40 parts of cold water, and easily soluble in hot water and alcohol. 
When boiled with acids it decomposes into carbonic acid and am- 
monia ; when distilled it breaks up into cyanic acid. PCI5 converts 
it into tricyanogen chloride. 

Characteristic salts of the tribasic cyanuric acid are the trisodium 
salt and the amethyst-coloured cuprammonium salt (see above). 

Normal cyanuric esters are formed (1) by the action of cyanogen chloride 
on sodium alcoholates. 

(2) A simpler procedure is to act on the sodium alcoholates with cyanuric 
chloride or bromide (Ber. 18, ^263 and 19, 2063). 

Methyl cyetnuratCf m.p. 135°, b.p. 263°. 

Ethyl cyanurate, m.p. 29°, b.p. 275°. 

The normal cyanuric esters, on being digested with the alkalis, break up into 
cyanuric acid and alcohol. They combine with six atoms of bromine. PCI5 
converts them into cyanuric chloride. Boiling gradually changes them to 
mcyanuric esters. 

Partial hydrolysis of the normal cyanuric esters by NaOH or Ba(OH)2 gives 
rise to normal dialkylcyanuric acids, which, when heated, rearrange themselves 
into dialkyl ifocyanurio acids (Ber. 19, 2067) : 

0~Di?nethyI cyanuric acid, C3N3(OCH3)2*OH, m.p. 160-180°. O-EimethyU 
cyanuric acid chloride, 03^3(00113)201, m.p. 81°, is prepared from cyanuric 
chloride, methyl alcohol and zinc dust (Ber. 36, 3195). 

Esters of isocyanuric acid, tricarbunide esters, are formed 

together with the isocyanic esters, when the latter are prepared by the distillation 
of potassium cyanate with salts of alkylsulphuric acid (p. 168). We have already 
spoken of their formation as a result of the molecular transposition of the cyanuric 
esters. Hence they are formed together with these, or appear in their stead in 
energetic reactions — e.7. in the distillation of potassium cyanate with ethyl 
sulphate, or when silver cyanurate is acted upon % alkyl iodides (Ber. 30, 2616). 
They are solid crystalline bodies, soluble in water, alcohol, and ether, and may be 
distille<l without dcconiptisitioii. They pass into primary amines and potassium 
carbonate wlion Ijoilod with alkalis, similarly to the isocyanates : 

C303(NCH3)3 + 6KOH = + 3NH2CH3. 

Methyl ^ocyamiraie, trimethylcarbimidey C303(NCH3)s, m.p. 176°, b.p. 296°. 



622 OEGANIC CHEMISTRY 

EAyl iaocyanurate, C303{NCaHt)j, m-p. 96°, b.p. 276°. It volatilizes with 
steam. 

Mixed nor?7W2Z-isoCyanuric Esters. -Trimepiyl cyanuratef 

m.p. 105°, is prepared, together with other 

bodies, from silver cyanate and iodomethane by prolonged contact in the cold. 
It can be sublimed undecomposed in the cold, and is hydrolysed by hydrochloric 
acid into xji-methyl cyanuric acid, CH3N(C303lSr2Ha), m.p. 296°. This also results 
from the action of boiling alkalis on carbonyl dimethyl urea (p. 502). 

-Trimethyl cyanurate, CCOCHa), m.p. 118°, is 

produced from silver cyanurate and iodomethane in the cold. Hydrolysis gives 
rise to dimethyl-ijs-cyanuric acid, (CH3N)2(C203NH), m.p. 222°, which is also 
obtained by heating n-dimethyi cyanuric acid (see above) (Ber. 38, 1005). 

Cyanuric triacetate, C3N303(C0CH3)8, m.p. 175° with decomposition, is 
produced from silver cyanurate and acetyl chloride. 

Cyanuric tricarbonic ester, (C3N’308){C02CaH5), results from the polymeriza- 
tion of cyanocarbonic acid ester (p. 540). It is very slightly soluble, except in 
chloroform (Ber. 38, 1010). 

Cyanuric triurea, (C3N303)(C0NH2)3, is formed, together with cyanuric acid, 
when urea is heated to 200°, or with cyanuric bromide. It is amorphous and 
slightly soluble. It forms a trisodium salt, which crystallizes with SHgO (Ber. 
38, 1010). 

Halogen Compounds of Cyanogen and its Polymers 

The halogen compounds of cyanogen result from the action of 
halogens on metallic cyanides, such as mercury cyanide, and on aqueous 
hydrocyanic acid. The chloride and bromide condense to tricyanides 

_c^]sr--c— 

in which the O 3 N 3 group I 1 constitutes the radical of 

* ^ N 

normal cyanuric acid. On account of their connection on the one 
hand with cyanic and cyanuric acids and on the other with hydro- 
cyanic acid and its salts, the cyanogen halides can be looked on as 
being either halogen compounds of the anhydride of w-cyanic acid 
or the halogen imides of carbon monoxide, e.g . : 

HN=C C1N=C or ClCsN HOCsN 

Hydrocyanic acid. Cyanogen cUoride. n-Cyanio acid. 

Carbonyl imlde. 

The formula XN : 0 receives substantiation from the fact that 
cyanogen halides easily yield hydrocyanic acid ; also that the cyanogen 
chloride and alcoholic sodium ethoxide do not yield the normal cyanic 
ester (p. 519), but imidocarbonic ether, a reaction which is best ex- 
plained as taking place with the intermediate formation of NaNC and 
an alkyl hypochlorite (p. 169) (G. 1902, I. 525, 862). Contrary to 
this is the reaction of cyanogen chloride with mercaptides to form 
alkyl thiocyanates (p. 525), and with ammonia to produce cyanamide 
(p. 528). 

Cyanogen Halides. — Cyanogen chloride, CNCl, m.p. —5°, b.p. 15°, is 
produced by the action of chlorine on aqueous hydrocyanic acid or on a cold 
mercuric cyanide solution, or better, on a solution of potassium cyanide and 
zinc sulphate (C. 1907, 1. 746). It is a mobile liquid. After some time it passes 
spontoeously into cyanuric chloride. With ammonia, it yields ammonium 
chloride and cyanamide, NHg-NC. Alkalis decompose it into metallic cyanides 
and ^cyanates. 

Cyanogen bromide, CNBr, m.p. 52°, b.p. 61°, is produced on adding a potassium 
cyanide solution drop by drop to bromine, when weU cooled (Ber. 29, 1822). For 
the reaction of cyanogen bromide and tertiary amines, see p. 196, etc. Cyanogen 
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bromide is used in the preparation of aromatic hydroxy -aldehydes (Helv, Ohim. 
Acta. 2, 89) and for the preparation of aromatic nitriles, by the use of aluminium 
chloride (Helv. Chim. Acta. 2, 482). 

Cyaiwgm iodides, CNI, sublimes at 45®, without melting, in brilliant white 
needles. 

These compounds are sparingly soluble in water, but they dissolve readily 
in alcohol and ether. Their vapours have a penetrating odour, provoking tears, 
and act as powerful poisons. 

The cyanuric halides are converted into cyanuric acid when heated with 
water. 

Cyanuric chloride, tricyamgen chloride, solid cyanogen chloride : 

C1C5— N==CC1 
II I 
N— C01=N 

m.p. 146°, b.p. 190°, is produced (1) when liquid cyanogen chloride is kept in 
sealed tubes, during which polymerization 189*05 Cal. are liberated (C. 1897, 1. 
284). It is formed (2) directly by leading chlorine into an ethereal solution of 
HNC, or into anhydrous hydrocyanic acid exposed to direct sunlight (Ber. 19, 
2056), or better, by slowly dropping HNC into a saturated solution of chlorine 
in chloroform (Ber. 32, 691) ; (3) also by the distillation of cyanuric acid, 
H 3 O 3 N 3 C 3 , with PCI 5 (Ann. 116, 357). 

■\^en boiled with water or alkalis, it breaks up into hydrochloric and cyanuric 
acids (Ber. 19, E. 599). The chlorine atoms of cyanogen chloride can be suc- 
cessively substituted by amino- and alkylamino -groups, whereby cyanuramine 
chlorides, cyanuralkylamine chlorides (p. 531), melamines, and alkyl melamines 
(p. 530) are formed (Ber. 32, 693). 

OC-NCl-CO 

Trichloryl isocyanuric acid, / | , m.p. 245°, is formed by the action 

NCICO-NCI 

of chlorine on potassium cyanurate. It is a nitrogen chloride, since it evolves 
chlorine with hydrochloric acid, and regenerates cyanuric acid with NH 3 or 
HjS (C. 1902, I. 525, 804). 

Cyanuric bromide, CsNgBrj, m.p. above 300°, is produced (1) from bromo- 
cyanogen in the presence of a Httle bromine. (2) On heating the anhydrous 
bromide or its ethereal solution in sealed tubes to 130-140°. (3) By heating 
dry potassium ferrocyanide and also ferricyanide with bromine at 250° (Ber. 16, 
2893), or (4) on conducting HBr into the ethereal solution of CNBr (Ber. 18, 
3262). It is volatile at temperatures above 300°. 

Cyanuric iodide, C 3 N 3 I 5 , is produced by the action of hydriodic acid on 
cyanuric chloride. It is a dark-brown, insoluble powder. At 200° it readily 
breaks up into iodine and paracyanogen, (CN)n (Ber. 19, 599). 


Sulphur Compounds of Cyanogen, their Isomers and 
Polymers 

The two possible structurally isomeric thiocyanic acids correspond 
with the two possible isomeric cyanic acids : 

HS— C=N and NH=C=:S. 

Thiocyanic acid. tsoThiocyanic acid. 

Thiocarbimide, 

The known thiocyanic acid and its metallic salts are constituted 
according to the first formula. Its salts are obtained from the 
cyanides by the addition of sulphur (p. 286), just as the cyanates 
result by the absorption of oxygen. 

isoThiocyanic acid, sulphocarbimide, HN : CS, and its salts are not 
known. Its esters (the mustard oils) do, however, exist and are 
isomeric with those of thiocyanic acid. 

Thiocyanic acid, sulphocyanic acid, HS-CN, m.p. 5° (approx.), 
occurs in small quantities in the human stomach (Ber. 28, 1318), 
and is obtained by distilling its potassium salt with dilute sulphuric 
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acid. At 0° it forms a white crystalline mass and exercises a 
strongly irritating action on the mucous membranes. On melting it 
forms a yellow liquid which at ordinary temperatures solidifies to 
3 ^ellow needles accompanied by a considerable evolution of heat. It is 
very easily soluble in water, alcohol, and ether. The aqueous solution 
also precipitates polymeriiation products at ordinary temperatures 
after a short time (Ber. 40, 3166). Free thiocj^anic acid and its soluble 
salts colour a weakly acid solution of ferric salts a dark-red colour 
(C. 1901, II. 199), constituting a highly sensitive reaction, which 
depends on the formation of Fe 2 {CNS )6 + 9KSNC, when the potassium 
salt is employed (Ber. 22, 2061). This reaction gives rise to the alter- 
native name" rhodanates (oodov, rose), which is sometimes given to 
these compounds. Strong acids decompose thiocyanic acid into 
hydrocyanic acid and perthiocyanic acid, C 2 N 2 S 3 H 2 (p. 525). 

The alkali thiocyanates are obtained by fusing the cyanides with 
sulphur, just as the cyanates are formed by oxidation of the cyanides. 

Potassium thiocyanate, KS-CN, crystallizes from alcohol in long, 
colourless prisms, which deliquesce in the air. The sodium salt 
is very deliquescent, and occurs in the saliva and urine of different 
animals. When heated with zinc dust it is converted into potassium 
cyanide (C. 1897, I. 270). 

Potassium seUmcyanate, KSeNC, corresponds with the thiocyanate, and is 
formed when potassium cyanide and selenium are melted together. It can be 
crystallized from alcohol. NOg causes the formation of cyanogen, triselenide^ 
02^2803, m.p. 132°, obtained as yellow leaflets from benzene solution. These 
substances can be used for the preparation of pure selenium (Ber. 33, 1766). 

Ammonium thiocyanate, NH4S*CN, m.p. 150°, is formed on heating hydro- 
cyanic acid with yellow ammonium sulphide, or a solution of ammonium cyanide 
with sulphur. It is most readily obtained by heating CS2 with alcoholic ammonia 
(c/. Ammonium dithiocarbamate, p. 506) : 

CS2 -h 2NH3 ^ HgN-CSSNH^ + 2NH3 > NH^S-C : N + (NH4)2S. 

The salt crystallizes in prisms, which readily dissolve in water and alcohol. 
At 170-180° molecular transposition into thiourea occurs (similarly to a^ .monium 
cyanate, p. 495 ). ^ 

The salts of the heavy metals are mostly insoluble. The mercury salt, 
Hg(CN'S)2, is a grey, amorphous precipitate, which burns on ignition and swells 
up strongly (Pharaoh’s serpents) ; silver salt, AgSNC, is a precipitate similar to 
silver chloride. The volumetric method of Volhard is based on its production 
(Ann. 190, 1). 

Thiocyanogen, (SON) 2, m.p. — 3°, is obtained in solution by the action of 
bromine on silver thiocyanate in carbon bisulphide, and crystallizes out when 
the solution is cooled to — 70° {Sdderbdch, Ann. 419, 217). Free thiocyanogen 
resembles the halogens. It reacts with mercaptans with the formation of alkyl 
dithiocyanates, B-S-SCN, and thiocyanic acid (Ber. 55, 1474). 

Sulphur dicyanide, thiocyanic anhydride, (CN)2S, m.p. 66°, is formed when 
cyanogen iodide in ethereal solution acts on silver thiocyanate. It sublimes at 
30°, and dissolves in water, alcohol, and ether. 

Sulphur thiocyanate, 82(80^)2, is obtained by the action of sulphur mono- 
chloride on mercury thiocyanate in organic solvents. It forms colourless crystals, 
m.p. ~ 3*3° (Ber, 55, 1483). The compound S(SCN)2 is formed from hydrogen 
sulphide and thiocyanogen in ethereal solution. It forms pearly crystals (Ber. 

55, 1481). r j \ 

XanUtane hydride, imnlothiodisulphazoUdine, C2H2H2S3 (see formula (I) below), 
is prepared by decomposing a concentrated solution of thiocyanic acid, whereby 
hydrocyanic acid is driven ofl- It forms prisms soluble with difficulty in water 
and most other solvents. 

DUhiocyanic mid, CjNgHjSg =* HSC^.NH'CN, is produced when alkalis act 
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in the cold on xanthane hydride, when sulphur is thrown out and the dipotassium 
salt of the acid is formed. It is also prepared from cyanamide, carbon disulphide, 
and alcoholic potassium hydroxide. These modes of formation show the acid 
to be cyanamidodithiocarbonic acid, (HSlgC— NON or nSgCNHCN. The free 
acid consists of yellow needles, and is unstable, the potassium salt even decom- 
posing in aqueous solution into two molecules of potassium thiocyanate ; dimethyl 
ester, (CH3S)2C : NCN, m.p. 57°, is decomposed by hydrochloric acid at 200° into 
mercaptan, NH3, and CO^. 

Perthiocyanic acid, C2N2S3H2 ; salts, (see formula (II) below), are formed when 
an alkaline solution of dithiocyanic acid is boiled with sulphur. The acid is struc- 
turally isomeric with xanthane hydride, which possesses a neutral reaction, into 
which it very rapidly changes in acid solution ; dimethyl ester, €2^28(80113)2, 
m.p. 42°, b.p. 279°, is decomposed by hydrochloric acid into CH3SH, NH4CI, 
and CO2. The following shows the connection between these peculiar reactions 
(Ann. 331, 265) : 

NO S CS\ HS— CS\ 

3HSNC > I + I >NH > S + >NH 

H S-C(NH)/ ISTsC/ 

Thiocyanic acid. Xanthane hydride. (I.) Dithiocyanic acid. 



Dithiocyanate. 


■> 


yC(SK)~-S Acids /CS 8 

W ) ^ HN< 

\C(SK)=N \C(NH)— S 

Perthiocyanate. (11.) Xanthane hydride. 


Cyanogen sulphide, (CKS)„, and pseudocyanogen sulphide, are the yellow 
amorphous products which result when the alkali and al^ii earth thiocyanates 
are oxidized. Cyanogen sulphide is also formed when dry thiocyanates are 
treated with dry halogens, whilst pseudocyanogen sulphide, w'hich appears to 
be a mixture of various substances in varying proportions, is obtained from an 
aqueous solution of thiocyanates with halogens, nitric acid, H2O2, or persulphates. 
Cyanogen sulphide, and to a much smaller extent ^j^ewdocyanogen siilphide, 
when treated with water or sodium hydroxide solution yields canarine, 
a yellow substantive dye for cotton (one which does not require a mordant). 
It possesses a weakly acid reaction. Together with canarine there is formed 
a yellow, non-dyeing substance, CgN^H^SgO, which is decomposed by alkali 
sulphydrates into ihioammeline, (CN)3{NH2)2SH, and dithiomelamirenic acid, 
aminodithiocyanuric acid, (CN)3(NH2)(SH)2 (J. pr. Chem. [2] 64, 439). 

Alkyl thiocyanates, esters of normal thiocyanic acid, are obtained (1) by 
distilling potassium thiocyanate with salts of sulphuric acid ethers or with alkyl 
iodides ; 

KSCN + C2H5I = C2H5SCN + KI ; 


(2) by the action of CNCl on salts of the mercaptans : 

C2H5SK + CNCl = CaHsSCN -h KCl. 

They are liquids, insoluble in water, and possessing a leek-like odour. Nascent 
hydrogen (zinc and sulphuric acid) converts them into hydrocyanic acid and 
mercaptans ; 

CsHsS-CN + Ha - HNC + CgHs-SH. 

On digesting with alcoholic potassium hydroxide, potassium thiocyanate is 
formed, whilst the isomeric mustard oils do not yield any potassium thiocyanate. 
Boiling nitric acid oxidizes them to alkylsulphonic acids (p. 175) with separation 
of the cyanogen group. This would prove that the alkyl group in these bodies 
is linked directly to sulphur. 

The methyl ester and more readily the allyl ester are isomerized by heating 
at 180-185° into the corresponding fsothiocyanate or mustard oil (g'^'w.) (C. 1901, 
11. 1115). 

Methyl thiocyanate, CHj-SCN, b.p. 133°, Dq = 1*080. Ethyl ester, b.p. 142°, 
isopropyl ester, b.p, 152°. 

Allyl ester, CaHs-SCN, b.p. 161°, with isomeric change into the corresponding 
mustard oil. 

Methylene thiocyanate, CH2(SCN)2, m.p, 107° (Ber. 7, 1282), is oxidized to 
methylene disulphonic acid (p. 247) (C. 1898, I. 886). 

Ethylene thiocyanate, NCS*CH2CH2*SCN, m.p, 90° (Ber. 23, 1083). Eihylem 
selenocyanide, m.p. 138° (Ber. 23, 1092). 
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Thiocyanoacetone, CNSCHg-CO'CHg, = 1*180, is formed from barium 
thiocyanate and chloroacetone (p. 265). It is a nearly colourless oil, somewhat 
soluble in water, and very readily soluble in ether. The alkali carbonates cause 

CHs— C— Nx 

a rearrangement into oxymethylthiazole, || ^C‘OH (Ber. 25, 3648). 

HO— S/ 

Thiocyamacetic acid, CNS-CHaCOaH, is formed by the action of chloroacetic 
acid on KCNS. It is a thick oil ; ethyl ester, b.p. about 220°, prepared from 
chloroacetic ester. 

On boiling the latter with concentrated hydrochloric acid, it takes up water, 

CHg S\ 

loses alcohol, and fscthiocyanoacetic acid, j ^0, is formed (Ann. 249, 

CO— nh/ 

27). Many of the reactions of iaothiocyanoacetic acid are better explained by 
tne constitutional formula, SCNCH 2 COOH (or perhaps HC<^^CHCOOH) 
(cj. J. pr. Chem. [ 2 ] 66 , 172). 

The heterocyclic bodies, derived from the products of the interaction of 
ammonium thiocyanate with a-chloroketones and a-chloro-fatty acids, belong 
to the class of thiazoles (Vol. II). 

Mustard Oils, Esters of isoThiocyanic Acid, Alkyl TMocarbimides. 

The esters of tsothiocyanic acid, HN : CS, not known in a free 
condition, are termed mustard oils, from their most important repre- 
sentative. They may also be considered as sulphocarbimide deri- 
vatives. 

They are produced (1) by the rearrangement of the isomeric alkyl 
thiocyanates on the application of beat (p. 525) : 

C 3 H 5 SNC C 3 H 5 NCS. 

(2) From prirmry amines, (a) These combine with CSg in ethereal 
solution to form alkylammonium alkyldithiocarbamates (Ber. 23, 282). 
On adding silver nitrate, mercuric chloride (Ber. 29, R. 651) or ferric 
chloride (Ber. 8, 108) to the aqueous solution of these salts, formed 
with primary amines, metallic compounds are first precipitated, and 
are decomposed by boiling into metallic sulphides, hydrogen sulphide 
and mustard oils. 

The mustard oil test for the detection of primary amines (p, 195) 
was worked out by A. W. Hofmaim. 

The mechanism of the reaction is explained by Anschutz (Ann. 
371, 219) as follows : 

yUm-CJS, 

CS HgS + SCN-C^Hg + HCl. 

\s*HgCl 

isoThiocyanates are also obtained, together with tsothiouram 
disulphides (p. 506), by the action of iodine on the alkylammonium 
salts of the alkyldithiocarbamic acids. 

^ (6) wThiocyanates are conveniently prepared by the action of 
thiooarbonyl chloride on primary amines (Rec. trav. Chim. 45, 421) : 

CSClg 4- NHg-R ^ SC : N*R + 2HC1. 

(3) By the action of dialkyithioureas (p. 509) with phosphorus 

pentoxide (Ber. 14, 985). ^ ^ 

(4) From iaocyanic esters and PgSg (Ber. 18, R. 72). 

Properties,— The mustard oils are liquids, almost insoluble in 
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water, and possess a very penetrating odour, which provokes tears. 
They boil at lower temperatures than the isomeric thiocyanic esters. 

Reactions, — ( 1 ) When heated with hydrochloric acid to 100°, or 
with HgO to 200 °, they break up into primary amines, hydrogen 
sulphide, and carbon dioxide (C. 1899, I. 885) : 

C2H5NCS + 2H2O = C2H5NH2 + CO2 + H^S. 

(2) When heated with a little dilute sulphuric acid, carbon oxy- 
sulphide, COS, is formed, together with the amine. (3) When heated 
with carboxylic acids they yield alkylated acid amides and COS ; and 
(4) with carboxylic anhydrides, diacidyl amides and COS (Ber. 26, 
2648). (5) Nascent hyctogen (zinc and hydrochloric acid) converts 
them into thioformaldehyde (p. 246) and primary amines : 

CaHsNCS + 2H2 = CSH2 + C2H5NH2. 

( 6 ) When the mustard oils are heated with absolute alcohol to 100°, 
or with alcoholic potassium hydroxide, they pass into sulphourethanes. 
(7) They unite with ammonia and amines, yielding aUcyl thioureas 
(g.-y.). ( 8 ) Upon boiling their alcoholic solution with HgO or HgClg, 
a substitution of oxygen for sulphur occurs, with formation of esters 
of isocyanic acid, which immediately yield the dialkylureas when 
treated with water (see p. 519). (9) Consult Ann. 285 , 154, for the 
action of the halogens on the mustard oils. 

Methyl isoihiocyanatet CH 3 NCS, m.p. 34®, b.p. 119°. 

Ethyl ester, b.p. 133°, Do = 1*019. Propyl ester, b.p. 153°. iaoPropyl ester, 
b.p. 137°. Xi,-Butyl ester, b.p. 167°. i&oButyl ester, b.p. 162°, tert.-Bwij/Z e^er, 
b.p. 142°. ii,’Hexyl ester, b.p. 212°. Heptyl ester, b.p. 238° (Ber. 29, R. 651). 
BQQ.'Octyl ester, b.p. 232°. 

On account of its occurrence the following is noteworthy ; aee. -butyl mustard 
oil, CS : b.p. 159*5°, D^g == 0-944, is found in the ethereal oils of 

spoonwort (or scurvy grass) {CocMearia officinalis); it is dextro-rotatory to 
polarized light, and on decomposition gives a dextro-rotatory sec.-butylamine 
(C. 1901, II. 29). 

The most important of the mustard oils is the common or — 

Allyl mustard oil, allyl iaothiocyanate, C 3 H 5 N : CS, b.p. 150*7°, 
Dio — 1-017, the principal constituent of ordinary mustard oil, is 
obtained by distilling powdered black mustard seeds {Sinapis nigra), 
or radish oil from CocMearia armoracia, with water. Mustard seeds 
contain potassium myronate (see Glucosides, Vol. II), which in the 
presence of water, under the influence of a ferment, myrosin (also 
present in the seed), breaks up into dextrose, potassium hydrogen 
sulphate, and mustard oil. 

The reaction occurs even at 0°, and a small amount of allyl thio- 
cyanate is produced at the same time : 

CioHiaKNOioSg - + KHSO4 + C3H5NCS. 

Mustard oil is artificially prepared by distilling aUyl iodide or 
bromide with alcoholic potassium or silver thiocyanate, the first- 
formed allyl thiocyanate undergoing isomeric change {Gerlich, Ann. 
178 , 80 : C. 1906, II. 1063) : 

KSCN -f C 3 H 5 I = C 3 N 5 NCS -f KI ; 
a molecular rearrangement occurs here. 
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Pure allyl mustard oil is a liquid not readily dissolved by water. 
It has a pungent odour and causes blisters upon the skin. When 
heated with water or hydrochloric acid the following reaction ensues : 

C3H5NCS + 2H2O = CO2 + HgS + C3H5NH2. 

It unites with aqueous ammonia to form allylthiourea (p. 509). 
When heated with water and lead oxide it yields diallylurea (p. 497). 

Acyl thiocarbimides, or acyl esothiocyanates, are produced by the action 
of fatty-acid chlorides, dissolved in benzene, on lead thiocyanate. Acetyl thio- 
carhimide, CH3CO(NCS), valeryl thiocarhimide, C4H9CO-NCS (Ber. 29, R. 85), 
and carbethoxyl thiocarbimide, CaHsOCO-NCS, b.p. 66°/21 mm. (Ber. 29, R. 514), 
were obtained in this manner. Amines combine with them to form either alkyl- 
amides, AcNHR, and amine thiocyanates, R'NH.,, HSCN, or acylalkylthioureas, 
AoNHCSNHR (C. 1905, I. 1098 : 1906, 11. 773, etc.). 

Thiocyanuric acid, (118)303^3, corresponds with cyanuric acid. -isoThio- 
cyanuric acid is unknown, like isocyanurie acid. Thiocyanuric acid results from 
cyanuric chloride (p. 523) and potassium hydrosulphide. It consists of small 
yellow needles, which decompose but do not melt above 200°. 

Its esters result when cyanuric chloride and sodium mercaptides interact, 
and by the polymerization of the thiocyanic esters, RS-CN, when heated to 180° 
with a little HCl. More HCl causes them to split up into cyanuric acid and 
mercaptans. 

Methyl ester ^ (CH3S)3C3N3, m.p. 188°, yields melamine with ammonia (p. 530) 
(Ber. 18, 2755). Monothiocyanuric dimethyl ester, (SH)(OCH3)2C3N3, is prepared 
from 0-dimethylcyanuric chloride (p. 521) and KSH. When hydrolysed with 
HCl, it yields monothiocyanuric acid, (HS)(HO)2C3N3, which gives a characteristic 
mercury salt (Ber. 36, 3196). 

isoThiocyanuric esters, (RN')3C3S3, appear to have been formed by the poly- 
merization of mustard oils with potassium acetate (Ber. 25, 876). 


Cyanamide and the Amides of Cyanuric Acid 

Cyanamide, CN-NHa, m.p. 40°, the nitrile of carbamic acid, 
frequently reacts also according to the carbodiimide formula, 
HN:G:NH. 

It is formed (1) by the action of chloro- or bromo-cyanogen on 
an ethereal or aqueous solution of ammonia {Bineau, 1838 ; Cloez 
and Cannizzaro, 1851) : 

CNCl -f- 2NH3 = CNOTg + NH4CI ; 

and also (2) by the desulphurizing of thiourea by means of, mercuric 
chloride, lead peroxide, or mercuric oxide (Ber. 18, 461 : Ann. 331, 
282) ; or lead hydroxide in presence of alkalis (C. 1897, I. 367) ; 

CSCNH*)^ 4- HgO - CN3H2 -h HgS + HgO. 

(3) By treating urea with thionyl chloride : 

CO(]SrH3)3 + SOCI3 = CN3H3 -f SO3 -i- 2HC1. 

(4) Metallic derivatives of cyanamide with sodium, calcium, etc., 
are prepared on a technical scale, and yield cyanamide when decom- 
j^sed with acids. Preparation of cyanamide from its calcium deriva- 
tive, see J. Biol. Ohem. 32, 297. 

(a) Sodium amide and carbon or carbon compounds heated to 
400-600° produce sodium cyanamide (C. 1905, II. 1650, etc.) : 

2NH3Na + C >■ CNsNug + 4H. 
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At 600^ another atom of carbon enters into reaction and sodium 
cyanide, NaNC, is produced (C. 1904, I. 64). 

(b) Calcium carbide, mixed with certain substances such as calcium 
chloride, and when heated to high temperatures, absorbs nitrogen and 
is converted into calcium cyanamide (C. 1905, II. 1059 : Ber. 40 , 310, 
etc. : 

CaCa -f Na CN.Ca + C. . 

(c) Carbonates, such as those of barium and lead, react with 
ammonia at temperatures of incandescence, yielding metallic cyan- 
amides (C. 1913, I. 677) : 

PbCOg + 2 NH 3 CNgPb + 3HoO. 

Cyanamide forms colourless, very hygroscopic crystals, m.p. 41-42°, 
b.p. 134:-144°/18 mm. It is easily soluble in water, alcohol, and ether. 
If heated it polymerizes to dicyandiamide and tricyantriamide 
(melamine). 

Salts. — It forms salts with strong acids, but these are decom- 
posed by water. It also forms salts with metals. An ammoniacal 
silver nitrate solution throws dowui a yellow precipitate, CN-NAgg, 
from its solutions. 

Reactions. — (1) By the action of sulphuric acid or hydrochloric 
acid, it absorbs water and yields urea (p. 494). (2) HgS converts it 
into thiourea (p. 508), and (3) NH 3 into guanidine (p. 612), whilst 
substituted guanidines are produced upon introducing the hydro- 
chlorides of primary amines. (4) Alcohols and hydrochloric acid 
chapge cyanamide into ethers of i«sothiourea (p. 510). 

Mono -alkyl cyanamides are obtained (1) by the action of cyanogen chloride 
on primary amines in ethereal solution, or from aqueous solutions of amines 
and potassium cyanide with bromine (C. 1908, II. 1048) ; (2) by heating alkyl 
thioureas with mercuric oxide and water. 

M ethylcyammidey CN'NHCHs, and ethylcymiamidef CN-NHCgHg, are non- 
crystallizable, thick syrups with neutral reaction. They are readily converted 
into polymeric i^fomelamine derivatives. 

Allylcyanamidef CN-NHCsHs, {sinamim) is obtained from allyl thiourea. It 
is crystalline and polymerizes readily into triallyl melamine. 

Dialkyl cyanamides are formed (1) from CNBr, or KCN -f Br (C. 1906, 
II. 1046) and sec.-bases ; (2) from silver cyanamide, CN-NAgg, and alkyl iodides. 
(3) From CNBr and tertiary amines, whereby the first-formed trialkylcyanam- 

P'NT 

monium bromide, , loses alkyl bromide — the smallest of the 

alkyl radicals being lost. Allyl and benzyl radicals, however, behave excep- 
tionally, and are split off even more easily than the methyl group (Ber. 35, 1279). 
On the use of these methods for breaking down tertiary cyclic amines, see Ber. 40 , 
3914. 

DimethylcyanamidCf cyanodmiethylamine, CN-N(CH 3 ) 2 , b.p. 68°/10 mm. ; 
(liethylcyanamide, CN*N(C 2 H 5 ) 2 , b.p. 188*^, is decomposed, when boiled with 
hydrochloric acid, into COg, NH 3 and diethylamine, NHfCaHgla. Dipropyl- 
cya'iiamidef b.p. 89°/15 mm, Diarnylcyanatnidef b.p, 130^/10 mm. Treated 
with ammonia and sulphuretted hydrogen in alcoholic solution, the cyano- 
dialkylamines are easily converted into the corresponding thioui-eas (Ber. 32, 
1872). 

An example of a dialkyl-substituted carbodiimide is di-n-propylcarbodiimide, 
C(=N-C 3 H 7 ) 2 , b.p. 177°, which is produced from 6 ‘ym.-dipropy!thiourea and 
HgO (Ber. 26, R. 189). 

For the conversion of cyanamide into cyanamidocarbonic acid, eyanamido- 
dicarbonic acid, cyanamidodithiocarbonic acid, see pp. 502, 525, 

VOL. I. 
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Amides of Cyanuric Acid and Imides of ^soCyanuric Acid 

Three amides are derived from cyanuric acid, and three tautomeric imides 
from the hypothetical -isocyanuric acid : 


OH 

NH 2 

NH 2 

1 

NH 2 
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A 

N N 
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/\ 

N N 

/^\ 

N N 

II 1 

HOC COH 
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HOC C-NHj 

HjNC C-NHj 


W 

Xiif/ 
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Cyanuromonamide. 

Ammelide, 

Cyanurodiamide. 
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Cyanurotriamide. 

Melamine. 
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OC C : NH 
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HN ; C C : NH 

Xij/ 

\n/ 

\n/ 

\n/ 

H 

H 

H 

H 

isoCyanuric 

isoCyanuromonimide. 

isoCyanurodiimide. 

isoCyanurotriimide. 

acid. 

i«oAmmeline. 

^{foMelamine. 


Melamine, Gyanuramide, C 3 ]S’ 3 (NH: 2 ) 3 , is obtained (1) as thiocyanate, by 
the rapid heating of ammonium thiocyanate (Ber. 19, R. 340), together with 
melam and melem (see below) ; ( 2 ) the polymerization of cyanamide or dicyan- 
diamide on heating to 150® (together with melam) ; (3) by heating methyl 
trithiocyanuric ester to 180® with concentrated ammonia ; and (4) by heating 
cyanuric chloride to 100® with concentrated ammonia (Ber. 18, 2765) ; 

C 3 N 3 CI 3 + 6 NH 3 - C3N3(NH3)3 + 31SrH4CL 

Melamine is nearly insoluble in alcohol and ether. J.t crystallizes from hot 
water in shining monoclinie prisms. It sublimes on heating and decomposes 
into mellon and NHa- It forms crystalline salts with 1 equivalent of acid. 
Fusion with potassium hydroxide converts it into potassium cyanate. 

On boiling with alkalis or acids melamine splits off ammonia and passes 
successively into ammdine, CsHsNgO = CsN3(NH2)2*OH, a white powder insoluble 
in water, but soluble in alkalis and mmeral acids (Ber. 21, R. 789) ; amweZide, 
mdanurenic acid, C 3 H 4 N 4 O 2 = C 3 N’ 3 {NH 2 )(OH) 2 , a white powder which forms salts 
with both acids and bases, and finally into cyanuric acid, C 3 N 3 (OH )3 (Ber. 
19. R. 341). 

Melaiiurenic acid is also formed from melam and melem (see below), when 
heated with concentrated H 2 SO 4 (Ber. 19, R. 341 : 18, 3106). 

UdelaTYif = [(NH2)2C3N3]2l^II (•)> vaclcfti, OgHglSfjo = [(^^2)^8^3" 

(NH )]3 (?), and mellon, CeHgNg = C 3 N 3 (NH) 3 C 3 ]Sr 3 (?), are formed by heating 
ammonium thiocyanate, the first two at 200®, and the last at red heat. They 
are amorphous white substances (Ber. 19, R. 340). 

Alkyl Derivatives of the Melamines. 

Whilst melamine is only known in one form, as cyanurotriamide, two series 
of isomeric alkyl derivatives exist — derived from normal melamine and the 
h 3 ?pothetical womelamine : 

(1) C3N3(NHB')3 and CsNsCNR^s- (2) C3lSr3H3(NR')3. 

Kormal alkyl melamines. Alkyh«omelamines. 

These are distinguished from each other not only by the manner of their 
preparation, but also by their reactions. 

( 1 ) Normal alkyl melamines are obtained from the trithiocyanuric esters, 
C 3 N 3 (S*GH 3 ) 3 , and from cyanuric chloride, CaNgClg, upon heating with primary 
and secondary amines (Ber. 18, B. 498) : 

C 3 N 3 CI 3 + 3NH(CH3)2 = C3N3[N(CH3)2]3. 
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Heating with concentrated hydrochloric acid causes them to split up into cyanuric 
acid and the constituent alkylamines. 

Trimethylmelamine, C 3 N 3 (NH‘CH 3 ) 3 , m.p. 130°, dissolves readily in water, 
alcohol and ether. Triethylmelaminey C 3 N 3 (NH*C 2 H 5 ) 3 , crystallizes in needles, 
m.p. 74°. 

Methyleihylmelamine, 03 H 3 (NHC 2 H 5 )(NHCH 3 )]SrH 2 , m.p. 176°, is prepared 
from cyanuric chloride by the successive substitution of NHg-, CH 3 NH-, and 
C 2 H 5 NH- groups, it being immaterial in which order the groups are introduced. 
(See p. 523.) 

Hexamethylmelamine, C 3 N 3 [N(CH 3 ) 2 ] 3 , m.p. 171°, hexaethylmelamim, C 3 N 3 - 
[N{C 2 H 6 )g] 3 , is a liquid, which is decomposed by hydrochloric acid into cyanuric 
acid and 3 molecules of diethylamine. 

(2) Alkyl {^omelamines are formed by the polymerization of the alkyl 
cyanamides, CN*NHR' (p. 529), upon evaporating their solutions, obtained from 
the alkyl thioureas on warming with mercuric oxide and water. They are 
crystalline bodies. When heated with hydrochloric acid they yield cyanuric 
esters and ammonium chloride (Ber. 18, 2784). 

Trimethyl \&orfielamine^ C 3 N 3 (CH 3 ) 3 (NH )3 -f SHgO, m.p. 179°, anhydrous. It 
already sublimes at about 100°. Triethyl iaomelaniine, C 3 N 3 (C 2 H 5 ) 3 (NH )3 -f - 
4 H 2 O, consists of very soluble needles. See Ber. 18, 3217, for the phenyl deriva- 
tives of the mixed melamines (also amide and imide bodies). 

Cyanuramine Chlorides. — Cyanuramine dichloride, C 3 N 3 Cl 2 (NH 2 ), corre- 
sponds with cyanuric monamide or ammelide (p. 530) or melanurenic acid ; 
and cyanurodiamine monochloride, C 3 N 3 C 1 (NH 2 ) 2 , with cyanuric diamide or 
ammeline. The former substance is formed by the action of ammonia on an 
ethereal solution of cyanuric chloride ; the latter by aqueous ammonia on the 
chloride. Similar conditions of experiment applied to methylamine and ethyl- 
amine give rise to the following substances: cyanuromethylamim dichloride, 
C 3 N 3 Cl 2 (NHCH 3 ), m.p. 161° ; cyanuroethylamino dichloride, C 3 N 3 Cl 2 (NHC 2 H 5 ) 2 , 
m.p. 107° ; cyanuroaminomethylamino chloride, C 3 N 3 C 1 (NH 2 ){NHCH 3 ) ; cyanuro^ 
aminoethylamino chloride, C3N8ClNH(C2H5)(NHa), m.p. 176° ; cyanuromethyU 
aminoethylamino chloride, C 8 H 8 C 1 (NHCH 8 )(NHC 2 H 5 ), m.p. 235°. Ethylamine, 
methylamine and ammonia convert the three last-named chlorides into methyl 
ethyl melamine. 

Cyanuramine Hydrides, Guanamines. — ^The hydrogen compound, hydro- 

N-— GH 

cyanuric acid or trihydrocyanic acid, corresponding with cyan- 

uric chloride, is unknown. However, reduction of cyanuramine dichloride forms 
rmruimmohydrocyanuric acid, CsNgHa'NHg, m.p. 225°, whilst cyanodiamine 
monochloride yields diaminohydrocyanurio acid. Quanamines are the bases 
formed when fatty-acid guanidine salts are heated to 220°-230°, whereby water 
and ammonia are driven off {Nencki, Ber. 9, 228). The simplest guanamine is 
formed when guanidine formate is heated, or when biguanide (p. 515) is acted 
on by chloroform and potassium hydroxide solution (Ber. 25, 535). This 

formoguanamine, m.p. 325°, is identical with diamino- 

hydrocyanuric acid (see above). Homologous guanamines are derived from this, 
by the replacement of the H-atoms in the CH- group by alcohol radicals. 

Acetogitanamine, CH 3 C j 265°, is produced from guani- 

dine acetate. Concentrated sulphuric acid at 150° converts it into aeeto- 
guanamide (c/. Acetyl urethane, p. 491). 



10. DIBASIC ACIDS, DICARBOXYLIC ACIDS 


A. PARAFFIN DICARBOXYLIC ACIDS, OXALIC ACID SERIES, 
CnH2n-.204> CJaHaii(C02H)2 


The acids of this series contain two carboxyl groups, and are there- 
fore dibasic. They differ very markedly from each other on the 
application of heat, depending upon the relative positions of the 
carboxyl groups. Oxalic acid, COaH-COoH, the first member of the 
series, breaks down on heating chiefly into CO 2 , CO and water, but 
in part into CO 2 and formic acid. The latter decomposition is charac- 
teristic of all dibasic acids, in which the two carboxyls are attached 
to the same carbon atom — the ^-dicarboxylic acids, e.g. malonic acid, 
CH2(C02H)2. The latter acid and all mono- and di-alkylmalonic 
acids decompose on heating at the ordinary pressure into acetic acid, 
and mono- and di-alkylacetic acids with the elimination of CO 2 : 

CHs<^o“h = CHa-COjH + COj. 

Malonic acid. Acetic acid. 

On the other hand, when the two carboxyl groups are attached 
to adjacent carbon atoms, as in ordinary succinic acid, COgH'CHa- 
CHg-COgH, and in the alkylsuccinic acids, these dicarboxylic acids, 
when heated, do not give up CO 2 , but part with water and pass into 
anhydrides, which can also be prepared in other ways, whereas the 
simple anhydrides of the malonic acids are not known (p. 543). 
Succinic acid is the type of these acids : 


CH2COOH 

I 

CHaCOOH 
Succinic acid. 


CH.CO\ 

1 ■ >0 + H, 0 . 

CHjCO/ 

Succinic anhydride. 


Glutaric acid, or normal pyrotartaric acid, COaH-GHa-CHj-CHj'- 
COjH, in which the two carboxyl groups are attached to two carbon 
atoms, separated by a third, behaves in this manner. Like succinic 
acid, it yields a corresponding anhydride when it is heated. All 
alkylglutaric acids behave analogously : 


Glutaric acid. Glutaric anhydride. 

Differentiation of succinic and glutaric derivatives, see Windaua, 
Ber. 54, 581. 


When the two carboxyl groups are separated by four or more 
carbon atoms, they do not interact on the application of heat, and 
^pic acid, COOH*[CH 2 ] 4 *COOH, for example, volatilizes without 
decomposition. Cyclic ketones, however, can be obtained from these 
higher dicarboxylic acids, by distillation of certain salts, notably the 

632 
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thorium salt (see p. 560), or by heating the acids with acetic anhydride 
{Blanc, Compt. rend. 144, 1356). 

These acids are frequently obtained by the oxidation of natural 
ring compounds, and owing to their different behaviour on heating, 
the number of carbon atoms in the ring by the breakdown of which 
they are formed can be deduced {Blanc, he. cit.). This method has 
been much used by Windaus and Wieland in the determination of 
the constitutions of the sterols and bile acids. 

Formation . — ^The most important general methods are — 

(1) Oxidation of (a) diprimary glycols, (6) primary hydroxy-alde- 
hydes, (c) dialdehydes, {d) primary hydroxy-acids, and (e) aldehyde 
acids (p, 455) : 




CHa-OH 

COOH 

CHO 

COgH 

COaH 

CHa-OH 

y J 

CHaOH 

CHO 

, V 

COH 

COgH 

Glycol. 

Glycollic acid. 

Glyoxal. 

Glyoxylic acid. 

Oxalic acid. 


The dibasic acids are also formed when the fatty acids, CnHa^iOa, 
and the acids of the oleic acid series, as well as the fats, are oxidized 
by nitric acid. Certain hydrocarbons, CnHgws have also been converted 
into dibasic acids by the action of potassium permanganate. 

(2) By the reduction of unsaturated dicarboxylic acids : 

CHCOaH CHaCOaH 

II 4- 2H = I 
CHCOaH CHaCOaH 

Fumaric acid. Succinic acid. 

(3) When hydroxydicarboxylic acids and halogen dicarboxylic 
acids are reduced. 

Nuckus-synthetic Methods of Formation . — ^These are very numerous. 

(4) When silver in powder form (Ber. 2, 720) acts on mono-iodo 
(or bromo-) fatty acids : 

CHaCHaCOaH 

2I*CH2CHaCOaH -f- 2Ag = | -h 2AgI. 

CHaCHaCOaH 

jS-Iodopropionic acid. Adipic acid. 

Trimethylglutaric acid is formed as well as tetramethylsuccinic 
acid by the action of silver on a-bromowbutyric acid (see p. 558). 

(5a) Conversion of monohalogen substituted fatty acids into cyano- 
derivatives, and boiling the latter with alkalis or acids (pp. 297 and 
324) : 

+ NH,. 

Cyanoacetic acid. Malonic acid, 

(56) Conversion of the halogen addition products of the olefines, 
CnH 2 n, into cyanides and the hydrolysis of the latter : 

CHa-CN CHa-COaH 

1 + 4HaO = 1 + 2NHa. 

CHa-CN CHa-COgH 

Only the halogen products having their halogen atoms attached 
to two different carbon atoms can be converted into dicyanides. 

Since dicarboxylic acids br their esters or anhydrides can be reduced 
to hydroxycarboxylie acids or their lactones (p. 424) by means of 
nascent hydrogen (from sodium and alcohol, electrolysis, etc.), and these 
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can be converted into cyanocarboxyKc acids, via halogen-carboxylic 
acids, it follows that these processes provide a means for the synthesis 
of progressively higher members of the dicarboxylic acid series : 

COaH-COaH > CHaOH-COaH >• CHaClCOaH y CN-CHaCOaH 

> COaH-CHaCOaH. 

(5c) y- and 5-Lactones, when heated with potassium cyanide and 
subsequently hydrolysed, are converted directly into a higher acid 
(c/. p. 561) (C. 1905, II. 755) : 

CH3)aC‘COaR h {CH3)aC-CHaN. kNC {CH3)aC-CHa-CN rqH 

I ^ I \o I . > 

HaC-COaR HaC-CO / HaCCOOH HCl 


(CH3)aC*CHa-COaR h (CH3)aC • CHa • CH, 

I — > I i “ 

HaCCOaR CHa-COO 

(6) Mono- and di-alkyl malonic acids can be S3mthesized by direct 
replacement of the hydrogen atoms of the CHg group of the malonic 
esters by alkyl groups, as in the case of acetoacetic ester (p. 471). 
This reaction will be more fully developed under malonic acid (p. 545). 

(7) By the electrolysis of concentrated solutions of the potassium 
salts of the dicarboxylic acid mono-alkyl esters (see electrolysis of 
the mono-carboxylic acids (pp. 94, 298) (see Proc. Roy. Soo. Edin. 
46, 71) : 


CHaCOaCaHs 

2| 


COaK 

Potassium ethyl 
malonate. 


-j- 2H2O = 


CHaCOaCaHs 


CHaCOaCaHs 
Succinic ethyl 
ester. 


-f 2COa + 2KOH -f 2H. 


(8) A very general method for the synthesis of dibasic acids is 
based upon the decomposition of j5-ketonedicarboxylic esters. Acid 
radicals are introduced into the latter and the products decomposed 
by concentrated alkali solutions (p. 624) : 

CH,COCH<Cgg|» > CH,<gg»| 5 

Acetomalonic ester. Malonic acid. 


CHaCO'CHCOaCa-Hg 

CHaCOaCaHj 
Acetosuccinic ester. 


CHaCOaH 

> I 

CHaCOaH 
Succinic acid. 


(9) Tricarboxylic acids, which contain two carboxyl groups 
attached to the same C-atom, split off CO 2 and yield the Phasic aoidte. 
Ethanetricarboxylic acid yields succinic acid, and wbuta'netricar- 
boxylic acid gives rise to «49wz/m.-dimethyl succinic acid, etc. 

(10) General method for preparation of the higher polymethylene 
dicarboxylic acids, see p. 562. 


Isomerism , — Isomers of the first two members of the series— 


COgH /COJSL 

(1) I and (2) 0H2< 

COaH \cO 2 H 

Oxalic acid. Malonic acid. 

are not possible. Bor the third member two isomers exist ; 
OHjCO^H 

(3) I and CH8-0H< 

CH 29 O 2 H 

Succinic acid. tsoSuccinio acid 

(methylmalonic add). 


\CO 3 H 
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There are four possible isomers with 
are known: 

the formula CgHgCl^QQ^^, etc. ; 

CHaCOaH 

1 

CHaCOaH 

CH(COaH)a 

CHa 

(4) CHa 

1 

CHCOaH 

CHa 

1 

C(COaH)a 

CHaCOaH 

1 

CHa 

j 

CHa 

j 

CHa 

Glutaric acid. 

Pyrotartaric 

acid. 

Ethylmalonic 

acid. 

Dimethylmalonic 

acid. 


(5) The fifth member of the series, the acid C4H8(C02H)2, has nine possible 
isomers ; all are known. 

(6) There are twenty-four imaginable isomers of the sixth member — ^the acids 
C5 Hio(C 02H)2 (Ann. 292, 134). 

Nomenclature . — ^The names of the older dicarboxylic acids — e.g. oxalic, 
malonio, succinic, etc. — ^recall the occurrence or the methods of Tna-king these 
acids. Many acids are described as substitution products of the polymethylene 
carboxylic acids, COOH(CH 2 )»‘COOH, e.g. methylsuccinic acid, COOH-CHa- 
CH(CH3)-C00H, etc. 

The “ Geneva ” names are deduced, like those for the mono.-carboxylic acids, 
from the corresponding hydrocarbons ; oxalic acid = [ethane-diacid] ; malonic 
acid = [propane-diacid] ; succinic acid = [butane-diacid]. The bivalent residues 
linked to the two hydroxyls are called the radicals of the dicarboxylic acids 
— e.g. CO-CO, oxalyl; CO-CHa'CO, malonyl, and CO-CH^-CHa-CO, succinyl. 
The melting points of the normal dicarboxylic acids exhibit a regularity ; the 
members containing an even number of carbon atoms melt higher than those 
with an odd number (Baeyer). 


Derivatives of the Dicarboxylic Acids. — ^It has been indicated 
in connection with the monocarboxyiic acids (p. 278) what derivatives 
of an acid can be obtained by a change in the carboxyl group. As 
might well be expected, the derivatives of the dicarboxylic acids are 
much more numerous, because not only the one group, but both 
carboxyls can take part in the reaction. The heterocyclic derivatives 
of the succinic and glutaric acid groups are particularly noteworthy : 
they are the anhydrides (p. 551) and the acid imides, e.g. succinimide, 


CHa-COv 

I >NH, and glutarimide 
CHa-CO/ 



Oxalic Acid and its Derivatives 

( 1 ) Oxalic acid, [ethane-diacid], C 2 O 4 H 2 , occurs in many plants, 
chiefly as potassium salt in the different varieties of Oxalis and Bumex. 
The calcium salt is often found crystallized in plant cells ; it con- 
stitutes the chief ingredient of certain calculi. 

The acid may be prepared artificially ( 1 ) by oxidation of many 
carbon compounds, such as sugar, starch, etc,, with nitric acid. 

Frequent mention has been made of its formation in the oxidation 
of glycol, glyoxal, glycoUic acid and glyoxylic acid. 

( 2 ) From cellulose : by fusing sawdust with potassium hydroxide 
in iron pans at 200-220^. The fused mass is extracted with water, 
precipitated as calcium oxalate, and this is then decomposed by 
sulphuric acid (technical method). 

(3) It is formed synthetically {a) by rapidly heating sodium formate 
above 440® (Ber. 15, 4507) : the addition of sodium hydroxide, oar- 



536 


ORGANIC CHEMISTRY 


bonates or oxalates enable the reaction to take place at 360°, and 
more completely (C. 1903, II. 777 : 1905, II. 367) : 

HCOONa COONa 

= 1 + ; 

HCOONa COONa 

This method is used technically. 

[b) by oxidizing formic acid with nitric acid (Ber. 17, 9). 

(4) By conducting carbon dioxide over metallic sodium heated to 
360-360° (Arm. 146 , 140) : 

2 CO 2 “f" N 912 “ C20^N8i2* 

CO 2 and potassium hydride yield a mixture of potassium formate 
(p. 282) and oxalate. 

(5) Upon treating its nitriles, cyanoformic ester and cyanogen, 
with hydrochloric acid or water : 

ON COgH CN 

I ^ I I . 

CO2C2H5 CO2H CN 

History. — At the beginning o£ the seventeenth century salt of sorrel was 
known, and was considered to be a variety of argol. Wiegleh (1778) recognized 
the peculiarity of the acid contained in it. Scheele had obtained free oxalic 
acid as early as 1776 by oxidizing sugar with nitric acid, and showed in 1784 
that it was identical with the acid of the salt of sorrel. Gay-I/ussac (1829) dis- 
covered that oxalic acid was formed by fusing cellulose, sawdust, sugar, etc., 
with potassium hydroxide. This process was introduced into practical manu- 
facture in 1856 by Dale, 

Progperties and Reactions. — ^Free oxalic acid crystallizes with two 
molecules of water in monoclinic prisms, which effloresce at 20° in 
dry air. On rapid heating, the hydrated acid melts at 101° and the 
anhydrous at 189° (Ber. 21, 1901). It is soluble in 9 parts of water 
at ordinary temperatures, fairly easily in alcohol, but with difficulty 
in ether (C. 1897, I. 539). Anhydrous oxalic acid crystallizes from 
concentrated sulphuric and nitric acid (Ber. 27, B. 80), and can be 
employed as a means of bringing about condensations on account of 
its dehydrating properties (Ber. 17, 1078). When carefully heated 
to 150° the anhydrous acid sublimes undecomposed.- Oxalic acid is 
poisonous. 

(1) Rapidly heated it decomposes into formic acid and carbon 
dioxide, and also into CO a, CO and water : 

C2H2O4 = C'RaOg + CO2 ; C2H2O4 = CO2 + CO -f HgO. 

Reaction between oxalic acid and glycerol, see p. 282. 

(2) An aqueous oxalic acid solution under the influence of light 
and air decomposes into CO 2 , HgO, and in the presence of sufficient 
oxygen, H 2 O 2 (Ber. 27, R. 496). 

(3) Oxalates decompose into carbonate and hydrogen by fusion 
with alkalis or soda-lime ; 

C2O4K2 + 2 KOH = 2K2CO3 + Hg. 

(4) Heated with concentrated sulphuric acid it yields carbon 
monoxide, dioxide and water. 

(5) Nascent hydrogen converts it &st into glyoxylic acid (p. 455) 
and then into glycollic acid (p. 414). 
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(6) Concentrated nitric acid slowly oxidizes oxalic acid to CO 2 and 
water. Potassium permanganate in acid solution rapidly oxidizes it, 
a reaction which is used in volumetric analysis. 

Persulphates in acid solution and in presence of silver salts oxidize 
oxalic acid very energetically. This reaction constitutes a quantitative 
method for determining the active oxvgen of persulphates (Ber. 38, 
3963). 

A solution of mercuric chloride and ammonium oxalate rapidly 
decomposes, in the light and in absence of oxygen, into carbon dioxide 
and calomel (Ber. 38, 2602). 

(7) Anhydrous oxalic acid yields with phosphorus pentachloride, 
oxalyl chloride (p. 538). It has also been possible to replace 2C1 by 
0 in certain organic dichlorides by using anhydrous oxalic acid (p. 318). 
SbCls and oxalic acid yield the compound (COOSbCl 4 )o (Ann. 239, 
285: 253, 112 : Ber. 35, 1119). 

Salts. — The oxalates, excepting those witli the alkali metals, are almost 
insoluble in water. ^ 

Potassiiwi oxalate, C 2 O 4 K 2 + HgO. Potassium hydrogen oxalate, C 2 O 4 HK, dis- 
solves with more difficulty than the neutral salt, and occurs in the juices of 
plants, such as Oxalis and Riimex. Potassium quadrioxalatc, C 204 KH*C 204 H 2 + 
2 H 2 O. 

Ammoyiium oxalate, C 204 (NH 4)2 + H 2 O, consists of shining, rhombic prisms, 
which occur in Isevo- and dextro-hemihedral crystals (Ber. 18, 1394 : C. 1905, 
II. 885). Calcium oxalate, C 204 Ca + HgO, is insoluble in acetic acid, and serves 
for the detection of calcium and of oxalic acid, both of which are determined 
quantitatively in this form. The silver salt, C 204 Aga, explodes when quickly 
heated. 

Oxalic acid yields crystalline compounds with substances containing oxygen, 
such as cinnamic aldehyde, cineol, and dimethyl pyrone (Vol. II) (Ber. 35, 
1211 ). 

Trimercuriacetic acid, H 0 Hg(Hg 20 )C*C 00 H, and 'mercarbide, HOHg- 
(Hg 20 )C*C(Hg 20 )Hg 0 H (c/. p. 144), are derivatives of oxalic acid. They are 
obtained when acetic acid or alcohol is heated with HgO in the presence of 
alkalis. They consist of white powders of basic character. Mercarbide is very 
stable towards reagents, but explodes violently when heated above 200° (Ber. 
33, 1328 : 36, 3707 ; 38, 3G54). 

Esters. — ^The mono- and dialkyl esters of oxalic acid are formed 
simultaneously by heating anhydrous oxalic acid with alcohols. They 
can be separated by distillation under reduced pressure (Ann, 254, 1). 

Mono Alkyl Esters. — Ethyl hydrogen oxalate, COOH-COOEt, b.p. 117°/15 
mm., D 2 o — 1-2175. n-propyl ester, COa'CsHy-COgH, b.p. 118°/13 mm. Pre- 
served in sealed tubes, the alkyl hydrogen esters decompose into anhydrous 
oxalic acid and the neutral esters. Distilled at the ordinary temperature, 
they break down mainly into oxalic ester, CO 2 , CO and H 2 O, and in part to 
CO 2 and formic esters. 

Dialkyl Esters. — The methyl ester, € 204 ( 0113 ) 3 , is a crystalline solid, m.p. 
54°, b.p. 153°. It can be used for the preparation of pure methyl alcohol, the 
crude alcohol being converted into the crystalline oxalate and the latter decom- 
posed into oxalic acid and the pure aqueous alcohol. 

Ethyl ester, b.p. 186°, is formed upon heating oxomalonic ester (Ber. 37, 
1304). See p. 483 for its conversion into carbonic ester. Oxalic ester, under the 
influence of sodium ethoxide, condenses with acetic ester to form oxalacetic ester, 
C 02 C 2 H 5 *C 0 -CH 2 -C 02 C 2 H 5 , and with acetone to acetone oxalic ester (comp, 
chelidonie acid). Zinc" and alkyl iodides convert the oxalic ester into dialkyl- 
glycollic esters (p. 411). 

Oxalic ester unites with hydroferrocyanic acid to form a well-crystallizing 
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compound (COOC,Hs)a-H 4 Fe{CN), (Bar. 34, 2692). With SbCl, ethyl oxalate 
forms Cl 4 SbCsH 40 CO-COOOjHs(SbCl 4)2 (Ber. 35, 1120). 

COOCHj 

Ethylene ester, | | , m.p. 143°, b.p. 197°/9 mm. (Ber. 27, 2941). 

COOCHj 

Semi-ortho»oxalic Acid Derivatives. — Dichloroxalic esters : When POI 5 
acts 021 the neutral oxalic esters, one of the doubly -linked oxygen atoms is replaced 
by 2C1 atoms : 

COOC2H5 CClaOCgHg 

+ PCI5 - I 4 - POCI3. 


cooaHs 


COOC-Hs 


These products are called dichloroxalic esters (Ber. 28, 61, note). When 
fractionated under greatly reduced pressure, they can be separated from unaltered 
oxalic ester. Distilled at the ordinary pressure, these esters decompose into 
alkyl chlorides and alkyl oxalic acid chlorides (see below). 

Dichloroxalic dimethyl ester, CCl2{0CH3)*C02CH3, b.p. 72yi2 mm. D 22 = 
1*36. Dichloroxalic diethyl ester, b.p. 85® /lO mm. Dichloroxalic di-n-propyl ester, 
b.p. 107710 mm. 

Ethyl dichloroxalic chloride, COCl-CC^'OCaHs, b.p. 140°, results from tri- 
chlorovinyl ethyl ether, CClg : CCIOC 2 H 5 , by absorption of oxygen (Ann. 308, 
324). 

Semi-ortho -oxalic esters are produced by the interaction of dichloroxalic esters 
with sodium alcoholates in ether : 


COaCsHs-CClaOCaHg + 2 C 2 H 50 Na = C 02 CaH 5 -C( 0 C 2 H 5)3 4 2NaCl. 

Tetramethyl oxalic ester, C(OCH 3 ) 3 ‘COOCH 3 , b.p. 76°/12 mm. ; D = 1*1312. 
Tetraethyl oxalic ester, b.p. 98°/12 mm. (Ann. 254, 31). 

The anhydride of oxalic acid is not known. In attempting to prepare it 
CO 2 and CO are produced. However, the chlorides of the alkyl oxalic acids, 
and oxalyl chloride, are known. 

Chlorides of alkyl oxalic acids are obtained by the action of POOI 3 on 
potassium alkyl oxalates, and of SOCI 2 on alkyl hydrogen oxalates (Ber. 37, 
3678). They are most practically prepared by boiling dichloroxalic esters under 
the ordinary pressure xmtil the evolution of alkyl chloride ceases (Ann, 254, 26). 
They show the reactions of an acid chloride (p. 315). With benzene hydrocarbons 
and AI 2 CI 3 they yield phenyl glyoxylic esters and their homologues (Ber. 14, 
1689 : 29, R. 51 1 , 546). At 200° they break down into CO and chloroformic esters. 

Methyl oxalic chloride, COCl-COaCHa, b.p. 119° ; Dgo = 1'3316. Ethyl oxalic 
chloride, COCbCOaCaHg, b.p. 135° ; D *= 1*2223. n-Propyl oxalic chloride, b.p. 
153°. isoButyl oxalic chloride, h.p. 164°. Amyl oxalic chloride, b.p. 184°. ' These 
are liquids with a penetrating odour. 

Oxalic mono-ethyl ester anhydride, (C 2 H 50 C 0 -C 0 ) 20 , b.p. 135°/100 mm., is 
prepared by heating ethyl oxalic chloride and sodium acetate together, and 
fractionating the product of reaction (C. 1900, II. 174). 

Oxalyl chloride, COCbCOCI, m.p. — 12°, b.p, 64°, is obtained from 
anhydrous oxalic acid and phosphorus pentachloride. It readily breaks down 
into phosgene and carbon monoxide (Ber. 41, 3563). 


Amides of Oxalic Acid 

Oxalic acid yields two amides : oxamic acid, corresponding with 
the mono-ethyl oxalic ester, and oxamide, corresponding with oxalic 
diethyl ester. Oximide can he included with these : 

CO-NHa CONHa CO\ 

{ I 1 >NH (?). 

COOH CONH 2 Co/ 

Oxamic acid. Oxamide. Oximide. 


Oxamic acid, CONH 2 *COOH 2 , m,p. 210° (decomp.). Its ammonium salt 
{Balard, 1842 ) is produced (1 ) by heating ammonium hydrogen oxalate j (2) from 
oxamide ; and (3) by boiling oxamic acid esters with ammonia (Ber. 19, 3229 : 
22 , 1569). Hydrochloric acid precipitates oxamic acid from its ammonium 
salt as a difficultly soluble crystalline powder. 
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Its esters result from the action of alcoholic or dry ammonia on the esters 
of oxalic acid : ethyl ester, ommethane, CONHa-COOCjHg, m.p. 114® {Boullay 
and Dumas, 1828). Oxamethane yields with phosphorus pentachloride the 
dichloro derivative (II), which loses one molecule of HCl to form the imido- 
chloride (III), and a further molecule of HCl to form ethyl cyanoformate (IV) 
(Wallach, Ann. 184, 1) ; 


COOC2H5 COOC2H5 _HC 1 COOC2H5 —HCl 

I > I ^ I > 

CONHg CCI2KH2 CC1=NH 

Oxamethane. Ethyl oxamino- Ethyl oximido- 

(I) chloride. chloride. 

(11) (HI) 


COOCgHs 

1 

CsN 

Cyanoformic 

ester, 

(IV> 


Oxamic trimethyl ortho-ester, CONH2*C(OCH3)3, m.p. 115°, is forihed on heating 
semi -ortho-oxalic methyl ester with anhydrous methyl alcoholic ammonia. 

Methyloxamic acid, C0NH(CH3)-CO2H, m.p. 146°. 

Ethyloxamic acid, C0NH(C2H5)C02H, m.p. 120°. 

Diethyloxamic acid, diethyloxamethane, C0N(02H5)2C02R, b.p. 254°, is 
produced by £he action of diethylamine on oxalic esters. It regenerates diethyl- 
amine on being distilled with potassium hydroxide. A method for separating 
the amines (p. 193) is based on this behaviour. 

CO\ 

Oxalimide, | NnH (?), is obtained from oxamic acid by the aid of PCI 5 or 
00 / 


PCI3O (Bar. 19, 3229). The molecule is probably a double one. 

Oxamide, C202(NH2)2» separates as a white, crystalline powder, when 
neutral oxalic ester is shaken with aqueous ammonia (1817, Bauhof), It is 
insoluble in water and alcohol. It is also formed on heating ammonium oxalate 
(1830, Dumas : 1834, Liebig) ; and when water and a trace of aldehyde act on 
cyanogen, C2N2 ; or by the direct union of hydrocyanic acid and hydrogen 
peroxide ; 

2HNC -f HjOa =* Ca02N2H4. 


Oxamide is partially sublimed when heated, the greater part, however, 
being decomposed. When heated to 200° with water, it is converted into 
ammonium oxalate. P2O5 converts it into cyanogen ; heating with concentrated 
sulphuric acid, into ammonium sulphate, CO2 and CO (Ber. 39, 57). 

Alhyloxamides are produced by the action of the primary amines on the 
oxalyl esters. 

sym,-Dimetkyloaiamide, (CONHCH3)2, m.p. 210°. 

Bym,-Diethyloxamide, (CONC2H5)2, m.p. 179°. 

Tetramethyloxamide, [CON(CH3)2]2> ni.p. 80°, is obtained from dimethyl- 
carbamyl chloride by the action of sodium (Ber. 28, R. 234). 

PCI 5 converts these alkyloxamides into amide chlorides, which lose 3HC1 
and pass into glyoxaline derivatives [WallcLch, Ann. 184, 33 : Japp, Ber. 15, 
2420) : thus dimethyloxamide yields chloroxalomethyline (chloromethylglyox- 
aline) and diethyloxamide yields chloroxalethyline : 


CONHCH3 2PC1. CClaNHCHa ^ sHO Ca : NCH3 

1 — V I ^ I 

CONHCH3 CCiaHHCHs CCl : NCH3 

Dimethyl Dimethyl Dimethyl 

oxamide. oxamide oximide 

tetrachloride. dichloride. 



CH— N(CH3)\ 

11 

ca— 


Chloromethylgly oxaline. 


Oxamidoacetic acid, amidoxalylglycocoll, NH2C0*C0NH*C}H2(202H» m.p, 
224-228° with decomposition, and, oaxdyldiglycocoU, oxamidodiacetic acw, 
C02HCH2*NHC0C0NH*CH2C02H, are formed from oxamethane and oxalic 
ester and glycocoll respectively (Ber. 30, 580). 

Diethyldinitro-oxamide, ^ decomposed 

by dilute sulphuric acid to form ethyl nitramin© (C. 1898, I, 373). 

Hydrazides and hydroxyamldes of oxalic acid, semi-oxarmzide, oxamirm 
hydrazide, NHaCOCONH-NBtj, m.p. 220° (decomp.), is prepared from oxa- 
methane and hyd^a^aine. Similarly to semicarbazide, it gives condensation 
products with aldehydes and ketones (Ber. 30, 585). 
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Oxamazidc^ NHa’CO-CO-Na, explodes by friction, or on heating to 115®. 

Oxalic hydrazidc, NHa'NHCOCO'NHNHg, decomposes at about 235°, and 
turns brown. It is formed when hydrazine hydrate acts on oxalic ester. It 
unites with acetoacetic ester to form bis-acetoacetic ester oxalhydrazone, 
(CftHioOa) : NNHCOCONHN : (CfiHioOa) (Ber. 40, 711). 

The reaction products of diazoacetic acid (p. 458) can be looked on as being 
cyclic hydrazine derivatives of oxalic acid ; they yield hydrazine and oxalic 
acids when hydrolysed. 

Hydroxyloxamidcy NH 2 COCONH‘OH, m.p. 159°, is formed from oxamethane 
and hydroxylaraine. 

Acetoxyloxamide, NHaCOCONH-OCOCHg, m.p. 173°, when heated with 
acetic anhydride to 110° is decomposed into cyanuric acid (p. 520) and acetic 
acid (Ann. 288, 314 : c/. C. 1901, II, 210, 402). Amidoxime oxalic add, HOOC*- 
C(N0H)NH2 (Ann, 321, 357). 


Nitriles of Oxalic Acid 


Two nitriles correspond with each dicarboxylic acid : a nitrilic 
acid, or semi-nitrile, and a dinitrile. The nitrilic acid of oxalic acid 
is cyanoformic acid, and it is only known in its esters. Cyanogen 
is the dinitrile of oxalic acid. The connection between these nitriles 
and oxalic acid is shown by their formation from the oxamic esters 
and oxamide through the elimination of water, and their conversion 
into oxalic acid by the absorption of water and the loss of ammonia : 


COOCgHs _H,o COOC2H5 

I V I 

CONH 2 CN 

Oxamethane. Cyanoformic ethyl ester. 


CONH2 „ 2H,0 on 
I — V I 
CONH2 CN 

Oxamide. Cyanogen, 


Cyanoformic esters, cyanocarbonic esters, nitrilo-oxalic esters, are produced 
during the distillation of oxamic esters with P^Os or PCI (p. 325), as well as 
from cyanimidocarbonic ether. Cyanoformic methyl ester, CN-COgCHg, b.p. 
100°. ilthyl ^ter, b.p. 115°. These are liquids with a penetrating odour. They 
are insoluble in water, which slowly decomposes them into COg, hydrocyanic acid, 
and alcohols. Zinc and hydrochloric acid convert them into glycocoll (p, 440). 
Concentrated hydrochloric acid breaks them down into oxalic acid, ammonium 
chloride, and alcohols. Bromine or gaseous HCl at 100° converts the ethyl ester 
into the polymeric cyanuric tricarboxylic esters (p. 622). 

Cyanimidocarbonic acid ether, oxalic nUrile imido ether, CN'C(:NH)OC 2 H 5 , 
b.p. 50°/30 mm., is prepared from cyanogen chloride or bromide and water, 
alcohol, and potassium cyanide ; also from potassium cyanide, water, and ethyl 
hypochlorite (p. 169). Cyanimidocarbonic acid ether forms a yellow, sweet oil, 
possessing, at the same time, a pungent odour. Concentrated hydrochloric acid 
converts it into ammonium chloride and cyanocarbonic acid ester. 

ChloToethyl imidoformyl cyanide, oxalic nitrile ethyl imidochloride, CN*C- 
(;NCj 5 H 5 )C 1 , b.p. 126°, is prepared from cyanogen chloride and ethyl wocyanide 
(Ann. 287, 302). 

ester, triethoxyacetonitrik, ortho-oxalonitrilic 'ethyl ester, 
CN-C{OCgH 5 ) 5 , b.p. 160° (Ann. 229, 178). 

Trinitroacetonitrih, m.p. 41-5°, explodes at 220° (see fulminuric 

acid, p. 296). 

Cyanogen, oxalonitrih, [ethane dinitrile], CN-CN, is present in small quantity 
m the gases of the blast furnace. It was obtained in 1815 by Gay-Lussac by the 
lotion of mercuric cyanide. The change proceeds more readily by the addition 
of mercuric chloride : 


Hg(CN)s = CjNj + Hg. Hg(CN)j + HgClj = + Hg^Cl,. , 

Silver and gold cyanides behave similarly. Cyanogen is most readily pre- 

adding gradually a concentrated aqu^us 
s^taon of 1 ^ KNO to 2 parts oupno sulphate m 4 parts of water, and then 
heating. At first a yeUow precipitate of oupric cyanide, Cu(CN)s, is produced. 
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but immediately breaks up into cyanogen gas and cuprous cyanide, CiiC!Nr 
(Ber. 18, R. 321) : 

2 CUSO 4 + 4KNC = Cu 2 (CN )2 + (CN )3 + 2 K 2 SO 4 . 

Its preparation by heating ammonium oxalate, and from oxamide and 
PgOs, is of theoretical interest. 

Properties and Reactions. — Cyanogen is a colourless, peculiar-smelling, poison- 
ous gas. It may be condensed to a mobile liquid which boils at — 21°, and 
has I) = 0'866, or by a pressure of five atmospheres at ordinary tempera- 
tures ; at — 34° it forms a crystalline mass. It burns with a bluish, purple- 
mantled flame. Water dissolves 4 volumes and alcohol 23 volumes 01 the 
gas. 

On standing, the solutions become dark and break down into ammonium 
oxalate and formate, hydrogen cyanide and urea, and at the same time a brown 
body, the so-called azulmic acid^ C 4 H 5 N 6 O, separates. With aqueous potassium 
hydroxide cyanogen yields potassium cyanide and cyanate. In these reactions 
the molecule breaks down, but if a slight quantity of aldehyde be present in the 
aqueous solution, only oxamide results. Oxalic acid is produced in the presence 
of mineral acids, CgNg + 4 H 2 O = C 2 O 4 H 2 + 2 NH 3 . When heated with 
concentrated hydriodic acid it is converted into glycocoll (p. 440). Cyanogen 
unites with acetylacetone (p. 403), with sodium acetoacetic ester (p. 473), and 
with sodium malonic ester (p. 543). 

Paracyanogen, — On heating mercuric cyanide there remains a dark sub- 
stance, paracyanogen, a polymeric modification, (C 2 N 2 )n. Strong ignition 
converts it again into cyanogen. It yields potassium cyanate with potassium 
hydroxide. 

Thioamides of Oxalic Acid. — R'ubeanic acid, dii^m-oxamidejCSNHg'CSNHg, 
and fiaveanic acid, cyanothioformamide, CS-NHg-CN, m.p. 87-89° (decomp.), 
are formed when HgS and cyanogen interact. They can be separated by means 
of chloroform, in which rubeanic acid is soluble with difficulty, and which 
deposits the fiaveanic acid in the form of yellow, transparent, flat needles 
(Ann. 254, 262). Rubeanic acid forms yellowish-red crystals. Primary bases 
cause the replacement of the amido-groups by alkyl amido-groups (Ann. 262, 
354). Aldehydes unite with rubeanic acid, with elimination of water (Ber. 24, 
1017). 

Chrysean, C 4 HgN 3 So, is prepared from KCN and HgS, or thioformamide, 

CH— S\ 

HCSNHj, and probably possesses the formula fj ^C'CSNH 2 (Ber. 36, 

HaNC — 

3546). 

ThiO'Oxalic acid, HSCO-COSH (C. 1903, I. 816). 

Diamido- oxalic ethers result from the action of ammonia on dichloroxalic 
esters, but have not yet been obtained in a pure condition. Aniline and diehloro- 
oxalic ether in cold ethereal solution, yield dianilido -oxalic ether, CO 2 C 2 H 5 C- 
(NHCeH 5 ) 20 C 2 H 5 , a thick liquid, soluble in ether. At 0° hydrochloric acid 
precipitates from this ethereal solution the hydrochloride, COgCgHgCCNHCgHg- 
HCI) 20 C 2 H 5 . Mixed diamido -ethers can be obtained by allowing anhydrous 
ammonia gas to act on a cooled, ethereal solution of monophenylimido -oxalic 
acid dimethyl ether. In this way amino -anilido -oxalic methyl ester, COaCHs*- 
C(NH 2 )(NHCeH 5 )OCH 3 , is obtained, m.p. 215°. 

Imido-oxalic ethers : Mono-imido-oxalic ether, C 02 CaH 5 -C(;NH)OC 2 H 5 , 
b.p. 73°/18 mm., results from the action of a calculated amount of ^/lO-hydro- 
chloric acid on di-iraido-oxalie acid (Arm. 288, 289). Phenylimido-oxalic methyl 
ether, CO 2 CH 3 *C(=N-CeH 5 ) 0 CH 3 . 

Di-imido -oxalic ether, C 2 H 50 *(NH)C — C(NH)*OC 2 H 5 , m.p. 25°, b.p. 170°. 
Its hydrochloride is obtained on conducting HCl into an alcoholic solution of 
cyanogen (Ber. 11, 1418) (c/. p. 540). 

Oxalamidine, NH 2 (NH) 0 ~C(NH)NH 2 , results from the action of alcoholic 
ammonia on the hydrochloride of oximido-ether (Ber. 16, 1655). 

HN ; C'NHNHg 

Carbohydrazidine, oxahdi-imide dikydrazide, | , forms white, 

NH : C NHNHa 

flat needles, which assume a reddish-brown colour on heating and do not melt 
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at 250°. It results from the union of cyanogen with hydrazine. Dibenzal 
carbohydrazidinej m.p. 218° (J. pr. Chem. [2] 50, 253). 

Oxahdihydrommic acid, results from oxalic ester 

and hydroxylamine (Ber. 27, 709, 1105). « . , , ... t • 

Oxalodiamidoxime, [C(:NOH)3SrHjj]ji, m.p. 196°, with decomposition. It is 
formed when NH^OH acts (1) on cyanogen (Ber. 22, 1931), (2) on cyananiline 
(Ber. 24, 801), (3) on hydrorubeanic acid (Ber. 22, 2306) ; dihenzoyl derivative, 
m.p. 222° (Ber. 27, R. 736). 

ChloroxiTnido-acetic ester, etTioxalo-oxime chloride, C02C2H5‘C(:N0H)C1, 
m.p. 80°, is obtained from chloroacetoacetic ester by means of fuming nitric acid ; 
and when concentrated hydrochloric acid acts on nitrolacetic ester (Ber. 28, 
1217 : 39, 784). Similarly, chloroacetoacetic ester and diazobenzene chloride 
yield chlorophenylhydrazido-acetic ester, oxalic ester phenylhydrazido -chloride, 
COaB-CC : (C. 1902, II. 187). 

Nitrolacetic ester, etkoxalonitrolic acid, C02C2H5*C(:N0H)‘N02, m.p, 09°, 
is prepared from i^onitroso-acetoaeetic ester and nitric acid of sp. gr. 1*2 (Ber. 
28, 1217). 

Forrnazylcarboxylic acid, C02H*C<^^^«^|j , m.p. 162°, when rapidly 

heated, is produced when its ester is saponified. The ester results from the 
action of diazobenzene cldoride (1) on the hydrazone of mesoxalie ester, (2) on 
sodium malonic ester, and (3) on acetoacetic ester. Just as oxalic acid breaks 
down into formic acid and CO 2 , formazyl carboxylic acid decomposes into 
formazyl hydride (p. 289) and CO 2 (Ber. 25, 3175, 3201). 

The ureides of oxalic acid, parabanic acid, and oxaluric acid will be con- 
sidered together with the derivatives of uric acid (^.v.). 


The Malonic Acid Group 

Malonic acid [propane diacid], CH2(C02H)2, occurs as its calcium 
salt in sugar-beets. 

Formation. — (1) The acid was discovered in 1858 by Dessaignes, 
on oxidizing malic acid, C 02 H*CH( 0 H)-CH 2 C 02 H, with potassium 
bichromate (hence the name, from malum, apple), and quercitol with 
potassium permanganate (Ber. 29, 1764). It is also produced (2) in 
the oxidation of hydracrylic acid, and (3) of propylene and allylene 
by means of KMn 04 . (4) Kolbe and Hugo Muller obtained it almost 
simxdtaneously (1864) by the conversion of chloroacetic acid into 
oyanoacetic acid, the nitrile acid of malonic acid, and then saponifying 
the latter with potassium hydroxide, (5) By the decomposition of 
barbituric acid or malonylurea {q*v.). (6) Malonic ester and CO are 
formed in the distillation of oxaloacetic ester (g.v.) under the ordinary 
pressure (Ber. 27, 795). 

Preparatwn . — One hundred grams of chloroacetic acid, dissolved in 200 grams 
of water, are neutralized with sodium carbonate (110 grams), and to this 75 
grams of pure, powdered potassium cyanide are added, and the whole carefully 
heated, after solution, upon a water-bath. The cyanide produced is hydrolysed 
either by concentrated hydrochloric acid or potassium hydroxide (Ber. 13, 1358 : 
Ann.^ 204, 225 : C, 1897, I. 282). To obtain the malonic ester directly, the 
cyanide solution is evaporated, the residue covered with absolute alcohol, and 
HCI gas led into it (Ann. 218, 131), or it is treated with sulphuric acid and 
alcohol (C. 1897, I. 282). • 

Properties . — ^Malonic acid crystallizes in triclinic plates, m.p. 132®* 
It is easOy soluble in water and alcohol. Above its melting point 
it decomposes into acetic acid and carbon dioxide. Halogens form 
substitution products, and by the breakdown of these, substituted 
acetic acids. 
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Salts.— -Borium soft, {CaHsOi)Ba + ZHjO : calcium saU, OjHaOjCa + 2HjO. 
dissolves with difficulty in cold water : silver salt, C3H20,4Ag2, is a white, ci^s- 
talline compound. 

£sters. — Malonic mono-ethyl ester, b.p. 147®/21 mm., is decomposed at higher 
temperatures into COj, acetic ester, acetic acid, and diethyl malonate ; potassium 
salt is prepared from the neutral ester and one molecule of alcoholic potassium 
hydro2dde. Electrolysis of this produces succinic ester (pp. 534, 548) (c/. C. 
1900, II. 171 ; 1905, II. 30, where also are found ester-acids of alkylmalonic 
acids). 

The Tieutral nuilonic esters are made by treating potassium cyan- 
acetate or malonic acid with alcohols and hydrochloric acid. These 
compounds are of the first importance in the* synthesis of the car- 
boxylic acids, because of the replaceability of the hydrogen atoms 
of the CH 2 -group by sodium. 

History. — ^This property was first observed in 1874 by van H Hoff, Sr. (Ber. 7, 
1383), and the possibility of obtaining the malonic acid homologues, by means 
of it, was indicated. The- comprehensive, exhaustive experiments begun in 
1879 by Conrad first demonstrated that malonic esters were almost as valuable 
as the acetoacetic esters in carrying out certain synthetic reactions (p.. 470) 
(Ann. 204, 121). 

Methyl ester, CH2(C02CH3)2, b.p. 181°; ethyl ester, b.p. 198°, Djg = *1*068. 
By the action of sodium ethoxide the compounds, CHNa(C02C2H5)2 (p. 545) 
and CNa2(C02C2H5)2 (?), result (Ber. 17, 2783 : 24, 2889 : 32, 1876 : 36, 268). 
Aluminium malonic ester, A1[CH(C02C2H6)]8, m.p. 95°, is formed by the action of 
aluminium amalgam on malonic ester (C. 1900, I. 12). 

Reactions of Malonic Ester and its Metallic Derivatives. Iodine converts the 
sodium malonic esters into ethane- and ethylene-tetracarboxylio esters (q.v.). 
Sodium malonic ester, when electrolysed, yields ethanetetracarboxylic ester 
(Ber. 28, R. 450). Alkyl halides convert the sodium malonic esters into esters 
of malonic acid homologues (Ber. 28, 2616). These compounds are of import- 
ance in the synthesis of fatty acids (see p. 299). 

When sodium acts on malonic ester at 70-90°, alcohol is given off, and there 
is formed the di-sodium compound of acetone tricarboxylic ester. This sub- 
stance, acted on by sodium malonic ester at 145°, loses Wo further molecules 
of alcohol, whereby tri-sodium phloroglucinoltricarboxwlio ester is formed 
(Vol. II) (Ber. 32, 1272) : 

C02CaH6CHNa*CNa(C02C2H8)2 -f CHNa(C02C2H5)2 

= C808bra3(C02C2H5)3 + 2 C 2 H 3 OH. 

Malonic ester condenses with aldehydes under the influence of acetic anhy- 
dride, hydrochloric acid, sodium ethoxide, or small quantities of ammonia, 
diethylamine or piperidine. In the last case an intermediate product is formed 
— alky lidene bis-piperidine, which is converted by malonic ester into alkylidenebis- 
malonic ester (Ber. 31, 2585). 

Free malonic acid also condenses with aldehydes and with some ketones, 
when heated with acetic acid, acetic anhydi’ide, or pyridine ; water and CO2 are 
split o0 and unsaturated carboxylic acids are formed (pp. 232, 338). 

ocjS-Olefinic aldehydes, a^-olefinic ketones, and ajS-olefinecarboW^c esters 
unite with sodium malonic ester, a synthesis in which the NaC(C02R)a residue 
joins with the jS-carhon atom, and the H-atom with the a-carbon atom. The 
aldehyde groups of the olefine aldehydes under these conditions unite also with 
two molecules of malonic ester (c/. Ann, 360, 323). 

Cyanogen combines with malonic ester in presence of a little sodium etho::pde 
to form cyanimino-'isosuccinic ester, NC*C(NH)CB[(C02C2H5)2, and di-imino- 
oxalyl dimalonic ester, (C2H50C0)2CB[C(NH)-C(3SfH)CH(C02C2H5)2. 

Diazobenzene chloride and malonic ester yield mesoxalic ester phenylhydra- 
zon© (q.v.). 

Malonic anhydsride, CHjC^q^O, is not known (see Carbon suboxide, below). 

Carbon suboxide, C802» m.p. — 108°, b.p. 4 - 7°, Dq = 1'1137, is formed by 
heating malonic ester or better malonic acid with phosphorus pentoxide (Diels, 
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Ber. 41, 82). It is also obtained by the action of the silent electric discharge on 
carbon monoxide {Nowak, 1910). It may be looked on as being a double malonic 
anhydride. In behaviour it resembles most nearly the ketens (pp. 269, 270), and 
is therefore to be looked on as carbon dicarbonyl or dioxoaliene : CO=C=CO 
(Z. angew. Chem. 39, 661 : Ann. 439, 76). Carbon suboxide polymerizes at 
ordinary temperatures to a dark-red solid mass. Water regenerates malonic 
acid ; ammonia and aniline produce malonamide and malonanilide. Hydro- 
chloric acid forms malonyl chloride ; bromine produces dibromomalonyl bromide 
which re-forms carbon suboxide by the action of zinc in ether (Ber. 41, 906) ; 

- 2H20 4Br 

CH2(C00H)2 ^ CO=C=CO CO=C=CO ^ ^ BrCOCBraCOBr. 

+ 2HaO 2Zii 

Chlorides of Malonic Acid. — Malonyl chloride monoethyl ester, CO 2 C 2 H 5 - 
CHgCOCl, b.p, 69°/ 13 mm., is prepared from ethyl potassium malonate and 
PCI5 ; or malonic ester and SOCI2 (Ber. 25, 1504 : C. 1905, II. 30 : also for 
homologous chloride esters). 

Malonyl chloride, CHa(COCl)2, b.p. 58°/27 mm., is formed by the action of 
SOCI2 malonic acid, together with the monochloride, HOCOCH2COCI, m.p. 65° 
(decomp.) (Ber. 41, 2208). 

Amides. — Malonamic eater, COaCaHs-CHaCONHa, m.p. 50°, is formed when 
malonic ester imido -ether hydrochloride (see below) is heated ; also from malonyl 
chloride mono-ester and ammonia (Ber. 28, 479 : C. 1905, II. 30). 

Malommide, CHa(CONH2)2, m.p. 170°. Malonichydrazide, CH2(CONH-NH2)2, 
m.p. 154°, reacts with aldehydes and ketones with loss of water (Ber. 39, 3372 : 
41, 641). 

Nitriles of Malonic Acid. — Gyanoacetic acid, nitrilornalonic acid, malonic 
a>cid seminitrile, CN-CHa-COaH (p. 533), m.p. 70° (Ber. 27, R. 262), dissolves very 
readily in water, and at about 165° breaks down into CO2 and acetonitrile (p. 
324). Gyanoacetic ethyl ester, CN'CHg'COaCaHg, b.p. 207° (for preparation, see 
C. 1905, I. 150), forms sodium derivatives like malonic ester (C. 1900, II. 38), 
by means of which the hydrogen of the CHg-groups can be replaced by alkyls 
(Ber. 20, R. 477) and acid radicals (Ber. 21, R. 353). Cyanacetaynide, CN'CHg- 
CONHj, is prepared from the ester and ammonia, m.p. 118°. Cyanacetyl hydra- 
zide, CNCHsCO-NHNHj,* m.p. 114° (J. pr. Chem. [2] 51, 186). 

Gyanoacetic ester unites with alcohol and hydrochloric acid to form malonic 
ester hnido-eiher hydrochloride, C2H50CO*CH2C(:NH,HC1)OC2H5, which, on 
digestion with alcohol, yields malonic semi-ortho-ester (c/. Ortho-esters, p. 330). 
The latter loses alcohol and passes into diethoxyacrylic ester, (02^50)20 = 
CH*C02C2H5, b.p. 128°/12 mm. This substance, when shaken with water, is 
converted into malonic ester ; bromine produces an oily dibromide, and with an 
increased quantity, dibromomalonic ester (Ber, 40, 3358). 

MalononiirUe, methylene cyanide, CH2(CN)2, m.p. 30°, b.p. 218°, is obtained 
by distilling cyanacetamide with P2O6 (C- 1897, I. 32). It is soluble in water. 
AmraoniacS silver nitrate precipitates CAg2(CN2) from the aqueous solution 
(Ber. 19, R. 485). Hydrazine and malononitrile yield diamidopyrazole, C3N2H2- 
(NHgla (Ber. 27, 690) (see also Cyanoform). Malonic acid semi-amidoxim,e, 
NH2(H0N) : C-CH2C02H, m.p. 144° (Ber. 27, R. 261 : Ann. 321, 357). Nitri- 
lomahnimidoxime, cyanethenylamidoxime, CN*CH2C( : NOHlNHa, m.p. 124-127°, 
Mahndihydroxamic acid, CH2[C( : NOH)OH]2, m.p. 154° (Ber. 27, 803). 
Malondiamidoxime, CH2*[C( ; N-OHlNHgla, m.p. 163-167° (Ber. 29, 1168). 

The ureides of malonic acid and cyanoacetic acid will be treated later in 
connection with uric acid (q.v.). 

Halogen- substituted malonic acids are formed by the action of chlorine 
or sulphuryl chloride, bromine or iodine and iodic acid on malonic acid or its 
esters. Such malonic and alkylmalonic acids (see below) easily part with CO2 
and form a-halogen fatty acids, some of which are conveniently prepared in this 
way (Ber. 35, 1374, 1813 : 39, 351). 

Chloromalonic acid, CHC1(C00H)2 ; ethyl ester, h.p. 222°. 

Bromoinalonic acid, GHBr(COOH)2, m.p. 113° (deeomp.), methyl eater, 
bfp^ 215^225^* 

Dichloromalonic acid, CCl2(COOH)j ; ethyl ester, b.p. 231-234° ; amide, 
m.p. 203°. Dibromomalonic acid, CBrj(OOOH)j, m.p. 137° (Ann. 416, 233) ; 
dimethyl ester, m.p. 64°; niinte, m-p. 65° (C. 1897, 1. 32) ; bromide, b.p. 92°/13 
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mm. (see p. 543, Carbon suboxide). Dibromornalonamide, m.p. 200°. Di- 
iodomalonic acid, Cl 2 (COOH) 2 , is prepared from malonic acid, iodine, and 
iodic acid in formic acid. It is extremely unstable ; methyl esters m.p. 80°, can 
be obtained from dibromomalonic ester and KI. 

The mono- and di -halogen malonic acids serve as a connecting link between 
malonic acid and tartronic and mesoxalic acids. MoTiobroTYio- and mono-iodocyano- 
acetic estcTs, CN-CHXCOaR, are obtained from sodium cyanoacetic ester with 
bromine or iodine in the cold. At higher temperatures dicyanosuceinie ester 
and tricyano -trimethylene tricarboxylic esters are formed (C. 1900, II. 38, 
1202 ). 

Nitromalonic Acid, N02-CH(C00H)2. The ethyl ester, b.p. 127°/10 mm., 
and amide, are obtained by the action of nitric acid on malonic ester or malon- 
amide (C. 1901, I. 1196: 1902, I. 1198: 1904, 11. 1109). Dimethylamide, 
N02*CH{C0*NHMe)2, m.p. 156° (Ber. 28, R. 912). Nitromethyhnalonic ester, 
N 02 *CMe(C 00 Et) 2 , is obtained by the action of methyl iodide on the ammonium 
salt of nitromalonic ester. The higher alkylmalonic esters are obtained by the 
nitration of the alkylmalonic esters. These compounds are decomposed into 
nitro-fatty acid esters by the action of sodium ethoxide (C. 1904, II. 1600). 
Fulminuric acid, CN*CH(N02) *00X112 (p. 296), can be regarded as a derivative 
of nitromalonic acid. 

Aminomalonic acid, NHa*CH(COOH) 2 , shining prisms, m.p. 109° (decomp.), 
is formed by the reduction of ^^onitrosomalonic acid (p. 618), by the action of 
ammonia on chloromalonic acid (Ber. 35, 2550) and by the alkaline hydrolysis 
of uramil (p. 632, Ann. 333, 77). The aqueous solution decomposes into glycine 
and carbon dioxide when warmed. The esters are obtained from the acid or 
by reduction' of the fsonitrosomalonic esters. Methyl ester hydrochloride, m.p. 
159° (decomp.). Ethyl ester hydrochloride, m.p. 162° (decomp.). The amide, 
NH2*CH(C0NH2)2> 192° (decomp.), is obtained from the esters and ammonia 

(Ber. 39, 514) or, together with iminodimalonamide, NH[CH(CONHa) 2 ] 2 > t-he 
action of alcoholic ammonia on chloromalonic ester at 130° (Ber. 15, 607). 
Aminomalononitrile, NH 2 ’CH(CN) 2 , m.p. 184°, is a polymer of hydrocyanic acid, 
(p. 284 ; Ber. 35, 1083). 

AniUnomalonic acid, C 8 HsNH*CH(COOH) 2 , m.p. 121° (C. 1897, II. 568 : 
(1898, I. 829) (for the condensation of the esters to indoxylic esters, see Indigo, 
Vol. III). 

Phtlicdimidomalonic ester, CeH4(CO)2N*CH*(COOEt)2, m.p. 74°, is obtained 
from potassium phthalimide and bromomalonic ester (C. 1903, II. 33). 

Monothio-bis^malo7iic ester, S[CH(C 02 R) 2 ] 2 » dithio-his-malonic ester, S 2 [CH- 
(C 02 R) 2 ] 2 » and tri-thio-bis-malonic ester, S 3 [CH(C 02 R) 2 l 2 , are formed from malonic 
ester and S 2 CI 2 (Ber. 36, 3721). 


Alkylmalonic Acids.^ — ^The general methods suitable for the 
preparation of alkylmalonic acids are (1) reaction 5a (p. 533), con- 
version of a-halogen fatty acids into a-cyano-fatty acids — ^the half 
nitriles of the malonic acid homologues ; and (2) reaction 6 (p. 534), 
the replacement of the hydrogen atoms of the CHg group in the 
malonic esters by alkyls. First, with the aid of sodium ethoxide, or 
sodium in ether (J. pr. Chem. [2] 72, 537), monosodium malonic esters 
are made, which alkyl iodides convert into mono-alkylmalonic esters. 
These are further able to yield monosodium alkylmalonic esters, 
which alkyl halides change to dialkylmalonic esters — e.g . : 
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Alkylmalonic esters are also formed when alkyl oxaloacetic esters 
lose CO (Ber, 31, 551). 

Some of these dialkylmalonic acids are formed when complex 
carbon derivatives are oxidized — e.g. dimethylmalonic acid results 
from the oxidation of i 4 ?i 5 ^m.-dimethylsuccinic acid, mesitonic acid, 
camphor, etc. The production of dimethylmalonic acid in this manner 
proves the presence, in these bodies, of the grouping — 

All mono- and dialkyl-malonic acids, when exposed to heat, lose CO 2 
and pass into mono- (Ber. 27, 1177) and dialkyl-acetic acids (p. 299). 

See Z. physik. Ohem. 8, 452, for the affinities of the alkylmalonic acids. 
Consult Ber. 29, 1864 ; J. pr. Chem, [2] 72, 537, upon the velocity of hydrolysis 
of the alkylmalonic esters. 

^soSuccinic acid, methylmalonic acidf ethylidene succinic acid 
[methyl-propane di-acid], CH3CH(C02H)2, m.p. 130° (decomp.), is 
isomeric with ordinary succinic acid (p. 547), and is obtained (1) 
from a-chloro- and a-bromo-propionic acids through the cyanide 
(Ber. 13, 209), and (2) from sodium malonic ester and methyl iodide 
(Ann. 347, 93). 

When ethylidene bromide, CHg-CHBrs, is heated with potassium 
cyanide and alkalis, the expected methylmalonic acid is not formed, 
but by molecular rearrangement, ordinary succinic acid results. 

The acid is more soluble than ordinaiy succinic acid in water. If heated 
above 130®, it breaks up into carbon dioxide and propionic acid (p. 303 ) ; ethyl 
ester, b.p. 196® j methyl ester, b.p. 179® ; diamide, m.p. 216®. 

S^or the rules of formation of the diamides of homologous alkyl and di-alkyl- 
malonic acids, see Ber. 39, 1596 : C. 1905, 11. 725 : 1906, I. 1235, etc. 

ct-Cyanopropionic ester, CB.fiK[CN)C020i'3.s» b.p. 197-198®. 

.Brojnoisotfwcctmc acid, CH3CBr(C02H}2, m.p. 118-119® (Ber. 23, K. 114) ; 
methyl ester, b.p. 115-118°/25 mm. (Ber. 26, 2350). 

Aminomethylmalonic acid, NH 2 ‘CMe(COOH) 2 , is obtained from pyruvic acid 
by the action of hydrogen cyanide and alcohohc ammonia (Ber. 20, B. 607). 

Bthylmalcnic acid, CsH 6 -CH(C 04 H) 2 , m.p. 111‘6°. Ethyl ester, b.p. 200® ; 
amide, m.p. 216® ; ethylhroTnomalonic ester, b.p. 126® (Ber. 26, 2357). 

Dimethylmalonic acid, (0H8)2C(C02H)2, m.p. 186® (decomp.) (Ann. 247, 
106) 5 ethyl ester, b.p. 195° ; amide, m.p. 261° ; nitrUe, m.p. 32®, b.p, 64°/22 nom. ; 
dicMoride, m.p. 166®. The latter, with aqueous pyridme, yields a polymeric 
anhydride, [(CH8)2C(C0)20]* (Ann. 359, 169), which can also be formed by heating 
the monochloride,^OCOC(CH.^)fiOCi, m.p. 65® (decomp.), and also by prolonged 
heating yields dimethylketen (p. 271) (Ber. 41, 2212). 

In the case of the subjoined alkylmalonic acids, the boiling pomts of the 
ethyl esters (enclosed in parentheses) are given, together with the melting points 
of the acids. 

FropylnwXonic acid, m.p. 96° (219-222°). 

imPropylTnalonic acid, (CH3)jCH«CH(C02H)a, m.p. 87° (213-214®). 

Methylethylmahnic acid, CH3(CaHs)C(C02H)2, m.p. 118® (207-208®). 

n-Butylmalonic acid, CfH 8 (CH 2 ) 3 ’CH(COaH) 2 , m.p. 101 ‘6°. isoButylmalonic 
acid, m.p, 107® (225°). mc.-ButylmaUmic acid, CH 8 (C 2 H 5 )CH-CH(COaH) 2 , m.p. 
76® (234°). Methylpropylrnahnic acid, CH 8 (CH 3 *CH 2 CHg)C(C 02 H) 2 , m.p. 107® 
(220-223®). Meth^lhopropylmalonic add, m.p. 124® (221°). 

JHeihylrndbmc add, m.p. 121° (Ann. 292, 134) ; dimethyl ester, b.p. 206® ; 
chloride, b.p. 197®, yields a poljraerie anhydride, C(C2H6)2C(C0)20]i2, when treated 
with jpyzidme and soda solution. Boilmg in benzene partially de-polymerizes 
it, wm&t when heated alone it is decomposed into diethyl keten (p. 271) and COg 
(Ann. 359, 169 ; Ber. 41, 2216) ; amide, m.p. 224® (Ber. 35, 864 : Ann. 359, 
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174 : C. 1906, 1. 1237). Nitrile, m.p, 44®, b.p. 92®/24 mm. Veronal is a ureid© 
of this acid (see Barbituric acid). 

n-Ainylrmlonic acid, CH3[CH2]4CH{C02H)2, m.p. 82®. Dipropyhnalonic acid, 
(CH 3 CH 2 CH 2 ) 2 C(COaH) 2 , m.p. 158®. Oeiylmalonic acid, CH3[CH2]i3CH(C02H)2, 
m.p. 122®. (Ann. 204, 130 : 206, 357 : Ber. 24, 2781). 

For alkyl and di-alkyl cyanoacetic esters and amides, see also Ann. 340, 310, 


The Succinic Acid Group 

Succinic acid and its alkyl derivatives, as mentioned in the intro- 
duction, are characterized by the fact that when heated they break 
down into anhydrides and water. The anhydride formation takes 
place more readily in the alkylsuccinic acids, the more hydrogen 
atoms of the ethylene residue of the succinic acid are replaced by 
alkyl radicals. 

The alkylsuccinic acids form anhydrides more readily with acetyl 
chloride, and are more volatile in aq[ueous vapour than their isomeric 
alkylglutaric acids (Ann. 285, 212). The aym.-dialkylsuccinic acids 
show remarkable isomeric phenomena, wMch will be more fully 
discussed under the symmetrical dimethylsuccinic acids (p. 547). 

The following serve to characterize a succinic acid : (1) the anhy- 
dride ; (2) the anilic acid, which is formed in the chloroform, ethereal, 
or benzene solution of the anhydride by the action of aniline ; (3) the 
anil, produced by heating the anilic acid, or by the action of phos- 
phorus pentachloride or acetyl chloride on it (Ann. 261, 145 : 285, 
226 : 309, 316). 

The anhydrides of the succinic acids unite with alcohols to form 
acid esters, which are also formed by partial esterification of the 
acids, and by partial hydrolysis of the neutral esters. In the case of 
the unsymmetrically substituted succinic acids, the first two methods 
usually yield identical products, the third method the isomeric ester 
(C. 1904, I. 1484 : Ann. 354, 117). 

Succinic acid, COaH'CHaCHa'COgH, is isomeric with methyl- 
malonic acid, or i^osuccinic acid (p. 546). It occurs in amber, in some 
varieties of lignite, in resins, in turpentine oils, and in animal fluids. 
It is formed in the oxidation of fats with nitric acid, in the fermenta- 
tion of calcium malate or ammonium tartrate (Ann. 14, 214), and in 
the alqoholic fermentation of sugar (p. 141). 

According to the general methods of formation (p. 533) succinic 
acid is produced (1) by the oxidation of y-butyrolactone and of succinic 
dialdehyde. 

(2) By the reduction of fumaric and maleic acids with nascent 
hydrogen. 

(3) By reducing (a) malic acid (hydroxysuccinic acid) and tartaric 
acid (dihydroxysuccinic acid) with hydriodic acid, or by the fermen- 
tation of these bodies ; (6) the action of sodium amalgam on 
halogen succinic acids. 

(4) It is obtained in small quantities by the action of finely divided 
silver on bromoacetic acid. 

(6a) By converting ^-iodopropionic acid (p. 335) into the cyanide 
and decomposing the latter with alkalis or acids. (56) Af. Simpson, 
in 1861, was the first to prepare it synthetically from ethylene, by 
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converting the latter into the cyanide. Succinic acid is formed by 
boiling its dinitrile with potassium hydroxide or mineral acids : 
CH,OH CH. CH^Br CH^CN CHoCO,H 

j ^ II > I > ' > 1 

CH3 CR, CH^Br CH3CN CH3CO3H. 

Ethylidene chloride and potassium cyanide also yield ethylene cyanide (p. 554). 

(6) By the electrolysis of potassium ethyl malonate (p. 543) ethyl 
succinate is produced. 

(7) By the decomposition of acetosuccinic esters, (8) of ethane 
tricarboxylic acid, (9) of s^/wt.-ethane tetracarboxylic acid. 

Properties , — Succinic acid crystallizes in monoclinic prisms or 
plates, and has a faintly acid, disagreeable taste. It melts at 185*^ 
and boils at 235° with decomposition into the anhydride and water. 
At the ordinary temperature it dissolves in 20 parts of water. 

Uranium salts decompose aqueous succinic acid in sunlight into 
propionic acid and COg. The electric current decomposes, the potas- 
sium salt into ethylene, carbon dioxide, and potassium (p. 103). 

Paraconic acids (y-lactone carboxyKc acids) are formed when 
sodium succinate is heated with aldehydes and acetic anhydride 
(Fittig, Ann. 255, 1). When succinic acid, zinc chloride, sodium 
acetate, and acetic anhydride are heated to 200°, small quantities 
of 2 : 5-dimethyl-3-acetyHuran (Ber. 27, R. 405) are produced. When 
calcium succinate is distilled, 1 : 4-c^cZohexanedione (Vol. II) is pro- 
duced in small quantities (Ber. 28, 738). 

Succinates : calcium salt^ + 3HgO, separates from a cold solu- 

tion, but when it is deposited from a hot liquid it contains only IHgO. When 
ammonium succinate is added to a solution containing a ferric salt, all the iron 
is precipitated as reddish-brown basic ferric succinate (separation of iron from 
aluminium). 

Esters, — Potassium ethyl succinate when electrolysed yields adipic ester (p. 
561). Monomethyl succinate, m.p. 58°, is prepared from the anhydride and 
alcohol (C, 1904, 1. 1484). Dimethyl succinate, COgCHs'CHg'CHgCOgCHg, m.p. 19°, 
b.p. 80°/10 mm. Diethyl succinate, b.p. 216°. Sodium converts it into suceinyl 
ROCO-CH— CO— CHg 

succinic ester, | | (Vol. 11). Ethylene succinate (Ann. 

CHg— CO— CH-COOR 

280, 177). 

iSttccinyl chloride, see p. 551. !:^uccbiam‘ide and succAnbnkle, see p. 552. 


Mono~alkyl Succinic Acids 

Pyrotartaric acid, methylsuccinic acid, COOH*CH(CH3)‘CH2-COdH, m.p. 
112°, was first obtained ( 1 ) by the dry distillation of tartaric acid. It is produced 
(2) from pyroracemie acid or its condensation product, keto-valorolaetone 
carboxylic acid, when heated with hydrochloric acid (Ann. 317, 22) ; 


2CH3COCOCH 


CH3 C(COOH)-Ov 
I >0 

CHa CO/ 


« CO, CHgCH-COOH 

j 

+ H2O CHgCOOH, 


The remaining methods of formation correspond with those for the production 
of succinic acid ; (3) by the reduction of ita-, citra-, and mesa-conic acids (p. 571) ; 
(4) from )5-bromobutyric acid and propylene bromide by means of potassium 
cyanide ; (5) from a- and jS-methyl acetosuccinic esters ; and (6) from a- and 
j5-methyl ethane tricarboxylic acids. 

The acid dissolves readily in water, alcohol, and ether. When quickly heated 
above 200° it decomposes into water and the anhydride. If, however, it be 
exposed for some time to a temperature of 200-210°, it splits into COgand butyric 
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acid. It undergoes the same decomposition when in aqueous solution, if acted 
on by sunlight in presence of uranium salts (Ber. 24, R. 310). 

Resolution into its optically active components is effected by strychnine 
(Bor. 29, 1254). Dextro-rotatory pyrotartaric acid is also formed when menthone 
is oxidized. 

Potassium salt, CsHgO^Ka ; calcium salt, C 5 H 6 P 4 Ca + 2 H 2 O, dissolves with 
difficulty in water. 

Methyl ester, b.p. 153°/20 mm. ; ethyl ester, b.p. 160®/23 mm. ; dimethyl ester, 
b.p. 197° ; diethyl ester, b.p. 218° (Ber. 26, 337 ; C. 1900, 1. 169 : 1904, 1. 1484). 

Ethylsuccinic acid, m.p. 98°. 

w-Propylsuccinic acid (Ann. 292, 137). 

(CH3)2CH-CHC02H 

isoPropylsuccinic acid, | , m.p. 116°, was Hrst prepared 

CH 2 CO 2 H 

by fusing camphoric acid and tanacetogen dicarboxylic acid (Ber. 25, 3350) 
with potassium hydroxide. It may be synthetically obtained from acetoacetic 
or malonic esters (Ann. 292, 137 : 298, 150), as well as from the products of 
the action of potassium cyanide on ^aocaprolactone at 280° (C. 1897, I, 408). 

^^oButylsuccinic acid, m.p. 107° (Ann. 304, 270). 

Symmetrical Dialkylsuccinic acids 

Symmetrical dimethylsuccinic acid exists, like the other symmetrical disub - 
stituted succinic acids — e,g. dibromosuccinic acid (p. 556), diethyl-, methyl- 
ethyl-, di -isopropyl-, and diphenyl-succinic acids — in two different forms, having 
the same structural formulae. 

Dihydroxy succinic acid or tartaric acid occurs in two active and two inactive 
forms (one can be resolved and the other cannot), which are satisfactorily ex- 
plained by van ’t Hoff’s theory of asymmetric carbon atoms (p. 37). The pairs 
of isomeric dialkylsuccinic acids, also containing asymmetric carbon atoms, 
manifest certain analogies with paratartaric acid (racemic acid), and anti- or 
meso-tartaric acid. Hence it is assumed that their isomerism is due to the same 
cause. The higher melting, more difficultly soluble modification is called the 
para-form, whilst the meso- or anti-iorm is more readily soluble, and melts lower 
{Bischoff, Ber. 20, 2990 : 21 , 2106). Bischoff has set forth a theory of dynamical 
isomerism (Ber. 24, 1074, 1085) in which he presents views in regard to the 
equilibrium positions of the atoms and radicals. Joined to the two asymmetric 
carbon atoms, in the symmetrical dialkylsuccinic acids. Dimethylsuccinic acid 
has been resolved ; see below. 

Isomeric pairs of the dialkylsuccinic acids are formed (according to method 2, 
p. 533) by the reduction of dialkylmaleic anhydrides, such as pyrocinchonie 
anhydride (p. 574), by means of HI or sodium amalgam (Ber. 20, 2737 : 23, 644) ; 
from a-monohalogen fatty acids by finely divided silver (method of formation 4) 
(Ber. 22,60); from a-monohalogen fatty acids by the action of potassium cyanide 
(Ber. 21, 3160) ; from aceto-dialkyl-succinic esters by elimination of the acetyl 
group (method 8) ; from si/m.-dialkylethanepolycarboxylic acids by heating 
them with hydrochloric acid (method 9) (c/. p. 534). 

In all these reactions both dialkylsuccinic acids are formed together, and 
may be separated by crystallization from water. 

syw. -Dimethylsuccinic acids, C02H CH(CH 3 ) CH(CH3)C02H. 

The para-acid, m.p. 192-194°, is soluble in 96 parts of water at 14°. It 
forms needles and prisms, which lose some water upon melting. If the acid be 
heated for some time to 180-200°, it yields a mixtxire of the anhydrides of the 
para- and anti-B,oi6s, m.p. 38° and 87°. With water each reverts to its 

corresponding acid. When acetyl chloride acts on the para-acid, its anhydride, 
m.p. 38°, is the only product. This crystallizes from ether in rhombic plates, and 
unites with water to form the pure para-acid (Ber. 20, 2741 : 21 , 3171 : 22, 389 : 
23, 641 : 29, R. 420). 

If the para-acid be heated to 130° with bromine, it yields pyrocinchonie 
anhydride, CgHeOg (p. 574). Both acids, when digested with bromine and phos- 
phorus, yield the same bromodimethylsuecinic acid, CgH^BrO^, m.p. 91°. Zinc 
and hydrochloric acid change it to the anti-add (Ber. 22, 66). The ethyl ester of 
the para-acid (from the silver salt), b.p. 219° ; methyl ester, b.p. 199°. 

The meso- or anti-mid, m.p. 120-123° (after repeated crystallizations from 
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water) dissolves in 33 parts of water at 14®. It crystallizes in shining prisms. 
It yields its anhydride, CeHgOs, m.p. 87®, when heated to 200®. This regenerates 
the acid with water. If the anit-acid be heated with hydrochloric acid to 190°, 
it yields the pam-acid. The methyl ester, b.p. 200° ; ethyl ester, b.p. 222°. When 
the anti-eicid is esterified with HCl, it yields a mixture of the esters of the anti- 
and para-acid (Ber. 22, 389, 646 : 23, 639). The ethyl ester is also obtained 
when a-iodopropionic ester is shaken with mercury in sunlight (C. 1902, I. 408). 

anti-a-Pimethylsuccinio acid haa been resolved ([a]© ± 135°) by 

means of the compound with a cobaltammine (Werner, Ber. 46, 3229). 

The monomethyl ester of the para-acid, zn.p. 38°, and of the anti-ocid, m.p. 49°, 
are obtained by the action of methyl alcohol on the anhydrides (C. 1904, 1. 1484). 

«ym.«MethyIe^ylsuccmic acids, CO aH*CH(CHs)*CH(C2H5)C02H. The 
para-acid, m.p. 179° ; anti- or meso-oxAd, zn.p. 101° (Ann. 298, 147). 

ay?».-Methyl«ropropylsuccinic acids. The para-acid, m.p. 174° ; meso- 
acid, m.p. 125° (Ber. 29, R. 422). 

8yTO.-Diethylsuccinic acids. — The para-acid, m.p. 189-192° ; anty aeid, 
in.p. 129° (Ber. 20, R. 416 : 21, 2085, 2105 : 22 , 67 : 23, 650). 

The para- and meso-forms of the sym.-di-n.-propylsuccinic acid, di-isopropyl- 
succinic acid, and propyUsopropylsucdnic acid, are prepared by the introduction 
of propyl or isopropyl groups into propyl- or iaopropylcyanosucoinic ester fol- 
lowed by hydrolysis and decomposition of the condensation products. Di-iao- 
propylsuccinic acid also results from bromoi^ovaleric ester and silver (Ann. 292, 
162 : C. 1900, 1. 846, 1205). Other ^ym.-dialkylsuccinic acids, see C. 1901, 1. 167. 

a-Biphenylsuccinic acid, two forms, m.p. 183° (+ HgO), (222° anhyd.) 
and 229°. Both yield with concentrated sulphuric acid at 130° diphenylsuccin- 
dandione (Ber. 14, 1802 : 45, 3071). 

Unsymmetrical Dialhylsuccinic Acids 

aaym.-Dimethylsuccinic acid, COaH*OHa‘C(CH 3 )a-COaH, m.p. 140°, is 
synthesized from a-dimethylethanetricarboxylic ester by the action of boiling 
sulphuric acid. The ester is the reaction product of bromowobutyrio ester and 
sodium malonic ester (C. 1898, 1. 885). It can also be obtained from dimethyl 
cyanoethanedicarboayUc ester, the product of reaction of sodium cyanoacetic acid 
and a-bromoiaobutyric ester ; from the acid nitrile, the product of the inter- 
action of potassium cyanide and jS-chloroiao valeric acid (C. 1899, I. 182) ; also, 
from its nitrile (p. 554). The imide (p. 553) is obtained by oxidation of mesitylic 
acid. Esterification of as-dimethylsuccinio acid proceeds by first attacking the 
carhoxyl group attached to the CHg-group, producing the a-mono-ethyl ester, 
m.p. 70°, b.p. 150°/14 mm. This substance can 
also be obtained by the action of alcohol on dimethylsuccinio anhydride. Partial 
hydrolysis of the diethyl ester, b.p. 216°, produces the liquid isomer ^-mono-ethyl 
ester (Private communication of Anschutz and Giittes). Monomethyl esters, 
m.p. 42° and 51° (0. 1904, I. 1485). 

aa-Methylethylsucciziic acid (Ann. 292, 138, 163). 
aa-Diethylsuccinic acid, m.p. 86°. 

Trtmethylsucclnic acid, CO,H-6 h{CH,)— C(CH,), CO.H, m.p. 151° (Aim, 
292, 142), results on hydrolysing the tricarbo^lio ester (Ber. 24, 1923) produced 
in the action of bromoiaobutyric ester on sodium methylmalonic ester, or sodium 
a-cyanopropionic ester, as well as in the oxidation of camphoric acid (Ber. 26, 
2337) ; and by fusing camphoronic acid with potassium hydroxide (Vol. II : 
Ann. 302 , 51 ). The formation of trimethylsuccinic anhydride from camphoronic 
acid by distillation is rather important in the recognition of the constitution of 
camphor (Ber. 26, 3047), Trimethylsuccinic acid is resolved into its optically 
active components by means of the quinine salts (C. 1901, I. 513). 

Tetramethylsuccinic acid, CO*H*C(CH 3 ) 3 *G(CH 8 ) 3 COaH, m.p. 190-192°, 
with loss of water, is formed, together with trimethylglutaric acid (p. 558), when 
a-bromowobutyric acid (or its ethyl ester) is heated with silver (Ber. 23, 297 : 
26, 1458) ; al^ by electro -synthesis from potassium dimethylmalonic ester, and 
from azobutyionitrUe (p. 452) (Ann. 292, 220) ; monomethyl ester, m.p. 63°. 

Tetraethylsizccinic acid, m.p. 149°, with conversion into anhydride, and 
tetrapropylsuccinic acid, m.p. 137°, are obtained by electrolysis of the respec- 
tive dialkyl malonie mono-esters (C. 1905, II. 670 ; 1906, II. 600). 

These tetraalkyl succinic acids pass very readily into their anhydrides. 
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Acid Chlorides of the Succinic Acid Group 

Of the possible chlorides, the immchloride, Cl-CO-CHa-CHa-COaH, is only 
known in the form of its ethyl ester, b.p. 144°/90 mm., which results from the 
action of POCI3 (Ber. 25, 2748) on sodium succinic ethyl ester. 

Succinyl chloride, m.p. 16'', b.p. 103°/25 mm., results from the action of PCI5 
on succinic acid. 

Two formulae have been suggested for this substance, a symmetrical (1), and 
an unsymmetrioal one (2) : 

CHaCOCl CHa-CCJlaV 

( 1 ) 1 ( 2 ) } >0 

CHaCOCl CHa • CO/ 

This latter view would make succinyl chloride a dichloro -substitution product 
of hutyrolactone, into which it passes on reduction. The behaviour of succinyl 
chloride towards zinc ethide is in harmony with its lactone formula, for it then 
yields ydiethylbutyrolacione (p. 428), and in the presence of benzene and alumi- 
nium chloride it chiefly affords y-diphenylbutyrolactone (Ber. 24 , R. 320). A small 
quantity of dibenzoyletkane, C^B.^OO-CKfiKz'COCu’Sis* is produced at the same 
time. These reactions, whilst supporting the unsymmetrical formula, do not 
completely exclude the symmetrical representation (c/, Ber. 30 , 2268). 

Similar considerations apply to the constitutional formula of phthalyl chloride 
in the aromatic series (see Vol. II). 

Pyrotartryl chloride, CsHgO^Clg, b.p. 190-195° (Ber. 16 , 2624). 

miQym,-Dimethylsuccinyl chloride, CgHgOa^Clg, b.p. 200-202° (Ann. 242 , 138, 
207). 

Anhydrides of the Succinic Acid Group 

The ready formation of anhydride is characteristic of succinic 
acid and its alkyl derivatives. It proceeds the more easily the more 
hydrogen atoms are replaced by alcohol radicals. 

Formation* — (1) By heating the acids alone. (2) By the action 
of P2O5 (Ber. 28, 1289), PCI5 or POCI5 (Ann. 242, 150) on the acids. 
(3) By treating the acids with the chloride or anhydride of a mono- 
basic fatty acid, e*g* acetyl chloride or acetic anhydride {AnschiUz, 
Ann. 226, 1) : 

CHjCOOH CHaCO\ CHsCOv 

I -f 2CH3COCI =1 >0 + >0 + 2HCI. 

CHa-COOH CBifiO/ CH3 CO/^ 

(4) When the chloride of a dicarboxylio acid acts {a) on the acid, 
or (6) on anhydrous oxalic acid (Ann. 226, 6) : 

CHa-CClax COOH CHaCO\ 

I No + ‘ = I >0 + 2HC1 + CO + COa. 

CHaCO-/ COOH CHaOO/ 

Succinic anhydride, m.p. 120°, b.p. 261°. 

Methylmccinic anhydride, pyrotartaric anhydride, m.p. 32°, b.p. 247° (Ann. 
336, 299 : C. 1904, I. 1485). Ethylsuccinic anhydride, b.p. 243°. isoPropyU 
succinic anhydride, b.p. 260°. 

sym.-Dimethylmccinic anhydride, para- m.p. 38°, meso- m.p. 87° (Ber. 26 , 
1460 : C. 1899, II. 610). sym,-Methylethyl8uccinic anhydride, meso- b.p. 244°, 
aym.’Diethylsuccinic anhydride, meso- b.p. 245°. aa-Dimethylsuccinic anhydride, 
m.p. 20°, b.p. 219°. 

Trimethylsuccinic anhydride, m.p. 31°, b.p. 231°/760 mm., 101°/12 mm. 

Tetramethylsuccinic anhydride, m.p. 147°, b.p. 231°. Tetraethylsuccinic 

anhydride, m.p. 86°, b.p. 270°. Tetrapropylsuccinic anhydride, m.p. 37°. 

Properties and Reactions* — Succinic anhydride has a peculiar, faint, 
penetrating odour. It can be recrystalfized from chloroform. It 

reverts to succinic acid in moist air, but more rapidly when boiled 
with water. It yields succinic alkyl ester acids with alcohols. Am- 
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monia and amines change it to succinamic and alkyl sncoinamic acids. 
PCI 5 changes it to succinyl chloride. Sodium amalgam reduces it 
to butyrolactone (Ber. 29, 1193) ; reduction of homologous succinic 
anhydrides by sodium and alcohol produces y-lactones and even 
l;4-glycols (c/. pp. 360, 425). If the anhydride is boiled for some 
time it loses CO a and changes to the dilactone of acetonediacetic acid, 
COlCHa-CHaCOaHla (q.v .) ; PjSj converts succinic anhydride and 

I I 

sodium succinate into thiophen, CH=CH — S — CH=CH (?.».)• The 
homologues of succinic anhydride resemble the latter in behaviour. 

as-Dimethylsuccinic anhydride is partially decomposed by AlaCl® in chloro- 
form into CO, HgO, and dimethylacrylic acid, (CHajgC : CHCOOH (C. 1902, I. 
567). 

Peroxides. — Succinyl peroxide^ (C4H4O4), is obtained from succinyl chloride 
and sodium peroxide. It is a very explosive crystalline powder (Ber. 29, 1724). 
S^lcc^nic peroxide, 02(C0CH2CH2C00H)2, m.p. 124° with decomposition, is pre- 
pared from succinic anhydride and 7*5 per cent. H 2 O 2 solution. It explodes 
when heated, and decomposes in xylene solution into COg, a small quantity of 
adipic acid (p. 561), succinic anhydride, and other bodies. Water hydrolyses 
it into succinic acid and succinic hydrogen peroxide, HOCOCHgCHgCO’OOH, 
m.p. 107° with decomposition, which decomposes on careful heating into COg, 
HgO, and acrylic acid (C. 1904, II. 765). 


Nitrogen-containing Derivaiives of the Succinic Acid Group 
Succinic acid, like oxalic acid, yields an imide, a diamide, a nitrile 
acid and dinitrile : 

CHgCOoH CHgCOv OHgCONHa CH2CO3H CHgCN 

I “ I I I ( 

CH2CONH2 CHgCO/ CHgCONHa CHgCN CH^CN 

Succinamic Succinimide. Succinamide. i5*Cyanopropionic Ethylene 

acid. acid. cyanide, 

(a) Amic Acids (Ann. 309, 316). — ^Most of these have been prepared by 
decomposing the imides with alkalis or barium hydroxide. They are also formed 
on adding ammonia, primary aliphatic amines, and aromatic amines (c.p. aniline 
and phenyl -hydrazine) to acid anhydrides. They behave like oxamic acid 
(p. 538). When heated, or when treated with dehydrating agents, e.g, PCls 
or CH5COCI, they become converted into imides, which bear the same relation 
to them that the anhydrides sustain to the dicarboxylic acids. 

Succinamic acid, COgH-CHgCHa’CONHg, is obtained from succinimide by the 
action of barium hydroxide solution. Sticcinamic methyl ester, m.p. 90°, is 
obtained from succinimide and methyl alcohol at 170° (C. 1899, II. 864), Succin- 
ethylamic acid, COgH-CHaCHa'GONHCgHs (Ann. 251, 319). Succinanilic acid, 
COaHCHaCHgCONHCsHs (Ber. 20, 3214) ; methyl ester, m.p. 98°, is obtained 
from succinanil (p, 553) and sulphuric acid in methyl alcoholic solution : P-Ss in 

CHa-COv 

toluene produces thiosuccimnU, 1 /N'CeHg, m.p. 167°, which is split by 

CHa'CS/ 

alkalis into thiosuccinanUic acid, HOCO-CHaCHgCSNHCgHj, m.p. 107° (Ber. 39, 
3303). 

SiS-DimethylsuccinanUic acid, C02HC(CH3)2CH2C0N‘HCeH6, m.p. 189°. 


(6) Imides. — ^These are produced (1) on heating the acid anhy- 
drides in a current of ammonia; (2) when the ammonium salts, 
diamides, and amic-acids are heated; (3) from the dinitriles, by 
partial hydration (G. 1902, I. 711). They show a symmetrical struc- 
ture, as will be explained in connection with succinanil. 

CHg-COv 

Succinimide, I >NH, m.p. 126°, b.p. 288°, crystallizes with 
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water, and has the character of an acid, as the hydrogen of the 
NH-group can be replaced by metals. 

Potassium swcinimiAe, CjHilCOljNK; sodium succinimide (Ber. 
28 , 2353) ; silver succinimide (Ann. 215 , 200) ; potassium tetramccini- 
mide tri-iodo-iodide, (C 4 H 50 jN)il 3 -KI (Ber. 27 , E. 478 : 29 , R. 298). 

The cyclic imides are readily broken down by alkalis and a.lkfl.lir»A 
earths : 

CHjCOv H,0 CH3COOH 

I > I 

CHjCO/ CHjCO-NHj 

On distilling succinimide with zinc dust, pyrrole (p. 369) is formed ; 
when heated with sodium in alcoholic solution it is converted into 
pyrrolidine (p. 386). Electrolytic reduction produces y-butyrolactam 
or pyrrolidone (p. 450). 


CH=CHn^ 

ch=ch/ 

Pyrrole. 


CHa-COv 
I >NH 
CH^-CO/ 
Succinimide. 




UJtlg-UU \ lJ±i2*U±±2\ 

1 >NH 1 >NH 


CHg-CHa/ 

Pyrrolidone. 


Pyrrolidine. 


Hypochlorous acid, and hypobromous acid acting on succinimide, and iodine 
on silver succinimide produce : succimchloridc, C.2H4{CO)2NCi, m.p. 148° ; 
s^uccinobromimidet C2H4(CO)2NBr, m.p. 174° with decomposition, and succiniodo- 
imide (Ber. 26, 985). Phosphorus pentachloride converts succinimide into di- 
CCI CO \ 

chloromaleinimide chloride, |! >NH, pentachloropyrroie, C4CI5N, and the 

cciccl/ 


heptachloride, C4CI7N (Ann. 295, 86). Bromine and potassium hydroxide convert 
succinimide into jS-aminopropionio acid (p. 448) : 


CHa-CO 

CHa-CO 


^NBr + 4KOH = 


CHa-NHa 

CH2COOK 


+ KBr + K2CO3 + HaO. 


Sodium methoxide changes succinobromimide by a molecular rearrangement 
into carbomethoxy-p-aminopropionic ester, CHaO-CO-NHCHgCHgCOaCHa, m.p, 
33*5° (Ber. 26, R. 935). 

Succinmethylimide, C2H4(CO)2N-CH3, m.p. 66*5°, b.p. 234°, is obtained from 
the oxime of laevulinic acid (p. 477) by a Beckmann transformation under the 
action of concentrated sulphuric acid (Ann. 251, 318). 

Succinethylimide, m.p. 26°, b.p. 234°, is formed when ethyl iodide acts on 
potassium succinimide. It yields ethylpyrrole when it is distilled with zinc dust. 
Succinisopropylimide, ni.p. 61°, b.p. 230°. Suecirmohutylimide, m.p. 28°, b.p. 
247° (Ber. 28, R. 600). 

Phenyl succinimide, succinanil, C2H4(CO)2-N-CgH6, m.p. 150°, is converted 
by PCI5 into dichloromaleic anil dichloride (I), the lactam of y-anilidoperchloro- 
crotonic acid and tetrachlorophenylpyrrole (II). This last fact, and the reduction 
of dichloromaleic dichloride to y-anilidobutyrolactam or ,W-phenyl butyrolactam 
(III), indicate that the symmetrical formula properly represents both succinanil 
and succinimide (Ann. 295, 39, 88). 


CCl — COv CCl-CCk CHg — CO\ 

II NNCeHs 1 VCgHs I >NGeH3. 

CCl— CCL/ CC1=CC1/ CHg— CHg/ 

(I) (ID (HI) 

CH3-CH-CO N. 

Pyrotartrimide, j /NH, m.p. 66°. i^-Alkylpyrotartriraides (Ber. 

CHa-CO/ 


30, 3039). sym.- Dimethylsuccini?nide (Ber. 22, 646). as-Dimethylsuccinimide, 
m.p. 106°, is obtained by heating aa-dimethylsuccinonitrile acid (C. 1899, I. 
873) ; also by oxidation of mesitylic acid (Ann. 242, 208 : Ber. 14, 1075), as- 
Dimethylsuccinanil, m.p. 85°. Trimethylsuccinanil, m.p. 129°. TetramethyU 
succinanil, m.p. 88° (Ann. 285, 234: 292, 176, 184). iBoPropylsuccinimide, 
m.p. 60° (Ann. 220, 27(>). 
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(c) Diamides and Hydrazides. — Sttccinamide, NH2CO*CH2CH20ONHa, is 
produced like oxamide. It crystallizes from hot water in needles. At 200° it 
decomposes into ammonia and suceinimide. Succimdibromodiamide^ NHjCO- 
[CHglgCONBra, is obtained from succinamide and KBrO (see also j8-Laotyl urea, 
p. 500). 

Pyrotartramidey m.p. 225° (Ber. 29, R, 609). 

Sucdnohydrazidey ('CH 2 CO*NHNH 2 )a» m.p. 167° (J. pr. Ohem. [2] 51, 190 : 
Ber. 39, 3376). 

(d) Cyclic Diamides. — Succinethylemdiamide, OHaCONH'CHa (Ber, 27, tl. 

CHjCONH-iH, 

CHi,CO'N-C,H5 

589). Succinophmylhydrazide, l.-phenyl-Z : Q-pyridazoney I | , m.p. 

CHaCO'NH 

199°, is obtained from the hydrochloride of phenylhydrazine and succinyl chloride 
(Ber. 26, 674:, 2181) ; succinic anhydride and phenylhydrazine yield the isomeric 
i^~aniUno3uccinimide, C 2 H 4 (CO) 2 N*NHCaH 5 , m.p. 156°. 

(e) Nitrilic Acids and Dinitriles . — Dimethylcyampropionic ester, CN'CH 2 *- 
C(CH 3 ) 2 C 02 C 2 H 5 , b.p. 218°, results when dimethyl cyanosuccinic mono -ethyl 
ester is heated (C. 1899, I. 874). 

VinitrUea are produced from alkylene bromides by treatment with potassium 
cyanide. Absorption of water converts these dinitriles into the ammonium salts 
of the corresponding acids, the synthesis of which they thus facilitate. When 
reduced, they take up eight atoms of hydrogen and become the diamines of the 
glycols — e.g, : 

CH2-C02H 


CHjOH CHj 

I ^ II 

CHg CHa 


CHaBr 0H2‘CN 

I I 

CHaBr CHg-ON 



1 

CHa-OOsH 

CHa-CHa-NH 


2 


CHa-CHa-NHa 


Succinonitrile, ethylene cyanide, Clf-CHaCHa-CN, m.p. 54-6°, b.p. 159°/20 
mm., is an amorphous, transparent mass (0. 1901, II. 807), readily soluble in water, 
chloroform and alcohol, but sparingly soluble in ether. It is also obtained by 
the electrolysis of potassium cyanacetate (p. 544). 

It yields succinic acid when saponified, and tetramethylene diamine upon 
reduction. It combines with 4HX (Ber, 25, 2543). Paraformaldehyde, glacial 
acetic acid and sulphuric acid convert it into methylene suceinimide, (CaHi- 
C202N)aOH2, m.p. above 270° (J. pr. Chem. [2] 50, 3). When heated with water 
and sulphuric acid it forms suceinimide (C. 1902, I. 711). 

Pyrotartaric nitrile, m.p. 12°, is obtained from allyl iodide and two molecules 
of KNC (Ann. 182, 327 ; Ber. 28, 2962). 

aS'Dimethylsuccinic nitrile, b.p. 219° (Bor. 22, 1740). 

if) Oximes, Succinyl hydroxamic acid, COaH’CH2CH:a-C(:N-OH)OH: (Ber. 
28, R. 999), Succinyl hydroxamic teiracetate, m.p. 130° (Ber. 28, 754). Hy- 

^ , . CH2-C(;N0H)\ 

droxylamme converts succmonitnle into succinimidoxime, ! >NH 

CH«-CO / 


m.p. 197° (Ber, 24, 3427), and suceinimide dioxime, 
207° (Ber. 22, 2964). 


. OHa-C(:NOH)s 
‘ CHa-C(:]SrOH)/ 


m.p. 


Mdlog&Th SubstitutioTh Ptoducls of the Succinic A.cid Qroup 

The monosubstitutioii products are obtained (1) by the direct action of 
halogens on the acids, their esters, chlorides or aiihydrides. In case of the acids 
IS advisable to act on them with amorphous phosphorus and bromine (Ber. 21 
R. 6) ; (2) by the addition of a halogen hydride to the corresponding unsaturated 
dicarboxyhe acid of the fumaric and maleic groups (Ann. 254, 161) ; (3) by the 
of a halogen hydride, and (4) of Pa, or PBrj on the corresponding a-mono- 
bydroxy^oarho^ho aoiito (Ann. 130, 21) ; (6) from aminosuooinio acids by 
of potassima bromide, solphurio acid, bromine and nitric oxide (Ber. 38, 
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Inactive chloromccinic acid, COaH-CHClCHa-COaH, m.p. 152% is formed from 
fumaric acid and hydrochloric acid : dimethyl ester, h.p. 106*5°/14 mm. ; diethyl 
ester, b.p. 122715 mm. ; anhydride, m.p, 41% b.p. 126712 mm. (Ann. 254, 156 ; 
Ber. 23, 3757). 

dextrorotatory- ( 4- ).C^Zoro5ttcamc acid, m.p. 176° (decomp.), is obtained from 
i-malic acid and phosphorus pentachloride, a Walden inversion tahing place 
(Kuhn, Ber. 61 , 609). Its silver salt yields d-malic acid when boiled with water : 
dimethyl ester, b.p. 107°/15 mm. ; chloride, b.p. 92°/ll mm. : anhydride, b.p. 138°/20 
mm. (Bar. 28, 1289). 

\9evoiota>toTy-[-~)-Chlorosuccinic acid is prepared from i-aspartic acid, which 
can be changed to i-malic acid. Starting, therefore, with Z-aspartic acid, it is 
not only possible to prepare (--)-chlorosuccmio acid and Z-malic acid, but with 
the aid of the latter we can obtain (4-)*chlorosuccinic acid, which can be trans- 
posed into d-malio acid (p. 605) : 

^(— )-Chlorosuccinic acid-<-d-Malic acid. 

Z- Aspartic acid V ^ 

^ Z-Malic acid (-f )-Chlorosuccinic acid. 

On the other hand, (— )-chloro- and (—)-bromo -succinic acid, which yield 
Z-inalic acid with silver oxide, give, with ammonia, d-aminosuccinic acid, from 
which d-malic acid can be obtained on boiling the substance with barium hy- 
droxide solution {Walden Inversion, pp. 70, 443) (Ber. 30, 2795) ; 

( — )-Chlorosuccinic acid Z-Malie acid 

4 ' 

d-Aminosuccinic acid >• d-Malio acid. 

Inactive bromosuccinic acid, COaH-CHBrCHa'COgH, m.p. 160°, is prepared 
from hydrobromic acid and fumaric acid. It is decomposed by alkalis into these 
components (Ann. 348, 261) ; dimethyl ester, b.p. 110®/10 mm. ; anhydride, m.p. 
31% b.p. 137°/11 mm. 

(•\-yBromosuccinic dimethyl eater is formed from Z-malic acid and PBr*, b.p. 
124°/20 mm. (Ber. 28, 1291). 

{ — yBromosuccimc acid is prepared from Z-aspartic acid (Ber. 28, 2770 : 29, 
1699), m.p. 173° (decomp.)* 

Monoiodosuccinic acid has only been obtained as a basic lead salt (Ber. 30, 

200 ). 

The free, inactive acids and their esters, when heated at the ordinary pressure, 
break down into a halogen acid and fumaric acid and its ester, whilst the an- 
hydrides yield the halogen hydride and maleic anhydride (Ann. 254, 167). Moist 
silver oxide converts bromosuccinic acid into inactive malic acid (ff.v.), which 
can thus be synthesized in this way. 

The addition of a halogen acid to ita-, citra-, and mesaconic acids (p. 571) 
produces chlorop 3 U‘otartaric acids, C 5 H 7 CIO 4 : (1) Xtachhropyrotartaric acid, 
CH 2 *C 1 -CH(C 00 H)-CH 2 (C 00 H), m.p. 140-141° (c/. Paraconic acid and ItamaHc 
acid). (2) Meaa^ or Citrachloropyrotartdric acid, CH 8 *CC 1 (COOH)*OH 2 (COOH), 
m.p. 129° (Ann. 188, 51 : C. 1899, 1. 1070). 

Bromopyrotartaric acids, CsHgBrO* : (1) itabroimpyrotartaric add, m.p. 137°; 
(2) citrdbromopyrotariaric acid, m.p. 148°. 

Bihalogen substitution products are produced (1) by the direct action of 
bromine and water on the acids ; (2) by the addition of halogen acids to the 
monohalogen xmsaturated acids of the fumaric and maleic series ; (3) by the 
addition of halogens — ^particularly bromine — to the unsaturated acids of the 
fumaric and maleic series. 

When hydrobromic acid is added to fumaric and maleic acids they yield the 
same monobromosucoinic acid, but with bromine, fumaric acid forms the sparingly 
soluble dibromosuccinie acid, whilst maleic acid and bromine yield the easUy 
soluble ^^odibromosuccinic acid and fumaric acid. These two dibromosuccinie 
acids have the same structural formula, they are symmetrical in arrangement, 
and their isomerism is probably due to the same cause prevailing with the aym.- 
dialkylsuccinie acids (p. 549). Yet they are intimately related to racemic and 
mesotartaric acids, which were first synthetically prepared by means of the 
dibromosuccinie acids. Inasmuch as fumaric acid yields racemic acid when 
oxidized, therefore the sparingly soluble dibromosuccinie acid, the dibromo- 
addition product of f\imaric acid, should correspond with racemic acid, and 
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i^dibromosuccinic acid with mesotartaric acid. However, the reactions of the 
dibromosuccinie acids show many contradictions. 

Dichlorosuccinic acid, m.p. 215° (deeomp.), is prepared from fumaric acids 
and liquid chlorine ; methyl ester^ m.p. 32° (Ann. 280, 210). 

isoDichlorosuccmic acid, m.p. 170° (decomp.), is obtained from the anhydride, 
m.p. 95°, the addition product of maleic anhydride and liquid chlorine. When 
heated, the anhydride changes to chloromaleic anhydride (Ann. 280, 216). 

Dibromosuccinie Acids. — ^The me^o-form (J.C.S. 101, 1196) is obtained 
from fumaric acid and bromine. It is sparingly soluble and decomposes at 200- 
235° into hydrogen bromide and bromomaleic acid. WTien heated with acetic 
anhydride, it forms bromomaleic anhydride and acetyl bromide. Methyl ester, 
m.p. 62° ; ethyl ester, m.p. 68°. 

iso Dibromosuccinie acid, m.p. 166°, is formed from maleic acid and bromine 
in ethereal solution. It is a racemic compound and has been resolved by the 
use of morphine (J.C.S. 101, 1196). Z-Acid, m.p. 157% [ajo (in ethyl acetate) 
— 148°. Its esters are liquids. Its anhydride, C2H2Br2(C0)20, m.p. 42°, is formed 
from maleic anhydride and bromine. At 100° it breaks down into HBr and 
bromomaleic anhydride (Ann. 280, 207), Anilic acid, m.p. 144° : anil, m.p. 
177° (Ann. 292, 233 : 239, 143). l^en reduced, both acids yield succinic acid ; 
when boiled with potassium iodide they change to fumaric acid, whilst boiling 
sodium hydroxide or barium hydroxide solutions convert them into acetylene 
dicarboxylic acid (Ann. 272, 127). The sparingly soluble dibromo-acid, when 
boiled with 20 parts of water, passes into bromomaleic acid, whilst the readily 
soluble acid, under like treatment, becomes converted into bromofumaric acid. 
Two hundred parts of boiling water convert the difficultly soluble dibromo-acid 
into mesotartaric acid, together with a little racemic acid, whilst the readily 
soluble acid yields much racemic acid and but little of the mesotartaric acid 
(Ann. 292, 295 : 300, 1). 

The silver salt of the difficultly soluble dibromo-acid changes on boiling with 
water to mesotartaric acid (g'.v.), whilst racemic acid is obtained under similar 
conditions from the salt of the easily soluble iaodibromosuooinic acid (Ber. 21,268). 
Much mesotartaric acid with but little racemic acid is formed on boiling the 
barium or calcium salt of the difficultly soluble dibromosuccinie acid. The 
contradictions in these reactions are made clearer in the scheme which follows ; 


KMnO* 

Fumaric acid Racemic acid. 


Dibromosuccinie acid Mesotartaric acid (in quantity). 

KMDO4 

Maleic acid Mesotartaric acid. 


woDibromosuccinio acid Racemic acid (in quantity). 


The experiments of McKenzie lead to the conclusion that the explanation 
of these results is to be found in the fact that the addenda (2Br or 20H) add 
themselves differently to the double linkage, and the relationship between the 
various compounds is better expressed by the scheme — 



Fumaric acid<f 


(<7i«-addition) > Racemic acid 


(Tra/is-addition) >■ mesoDibromosuccinic acid. 

' > mesoTartaric acid 


Maleic acid<' 




(TrcETw-addition) >isoDibromosuccinic acid (Racemic) 
y Racemic acid 


(C7is-addition) 


■> mesoTartaric acid. 



DIBASIC ACIDS: GLUTAEIC ACID 557 

It must not bo assumed that the addition takes place in identical fashion 
with all unsaturated compounds. The course of the reaction depends so much 
on the constitution of the starting compound and the nature of the addenda 
that a prophecy of the resulting products, formed by the formation of two new 
asymmetric carbon atoms, is as unjustified as the prophecy of the configuration 
of a compound formed by substitution at an asymmetric carbon atom. The 
only certain method of determination depends upon the optical resolution of 
one of the addition products. 

Trichlorosuccinic acid is a crystalline, exceedingly soluble mass, obtained on 
exposing chloromaleic acid, water and liquid chlorine to sunlight (Ann. 280, 203). 

Tetrachlorosuccinanil, m.p. 157°, is formed together with dichloromaleic anil 
chloride (p. 570), when PCI5 acts on dichloromaleic anil (Ann. 295, 33). 

Tribromosuccinic acid, C2HBr3(C02H)2, m.p. 136°, is produced when bromine 
and water act on bromomaleic acid and isobromomaleic acid. The aqueous 
solution decomposes at 60° into CO2, HBr, and dibromoacrylic acid, CaHaBraOg 
(p. 342). Alkalis convert it into dibromomaleic acid ; whilst excess of ammonia 
produces monobromofumaric acid (Ann. 348, 264). 

Vibromopyrotartaric Acids. — The addition of bromine, to ita-, eitra-, and mesa- 
conic acids gives rise to three dibromopyrotartaric acids, which upon reduction 
revert to the same pyrotartaric acid (p. 548). 

The ita-, citra-, and mesa-dibromopyrotartaric acids, C5H6Br204, are distin- 
guished by their different solubility in water. The ita- compound changes to 
aconic acid, C5H4O4, when the solution of its sodium salt is boiled ; the citra- 
and mesa- compounds, on the other hand, yield bromomethacrylic acid (p. 345). 

An excess of potassium hydroxide will convert ciiradibromopyrotartaric acid 
into bromomesaconic acid (p. 572). 

Glutaric Acid Group 

Glutaric acid and its alkyl derivatives, like succinic acid, are 
characterized by the fact that when heated they break down into 
the anhydride and water. The anhydrides readily yield anilic acids, 
from which anils can be obtained by the withdrawal of water. The 
glutaric acids resemble the succinic acids in behaviour, but they are 
changed to anhydrides with greater difficulty by acetyl chloride, and 
are not so volatile with steam. 

Glutaric acid {normal pyrotartaric acid) [pentane diacid] 
CHfcO H’ isomeric with methylsuccinic acid or 

pyrotartaric acid, as well as with ethyl- and dimethyl-malonic acids 
(p. 546). It was first obtained by the reduction of a-hydroxyglutaric 
acid with hydriodic acid. It may be synthetically prepared from 
trimethylene bromide (p. 372), through the cyanide ; from acetoacetic 
ester by means of the acetoglutaric ester [q.v .) ; from glutaconic acid 
by reduction (p. 575), and from propanetetracarboxylic acid or methy- 
lene dimalonic acid, C 3 H 4 (C 02 H) 4 , hy the removal of 2 CO 2 ; from 
hydroresorcinol and potassium hypobromite (Ber. 32, 1871) ; by 
electrolysis of a mixture of potassium malonic ester and succinic ester 
(C. 1903, II. 1053). Glutaric acid crystallizes in large monoclinie 
plates, and distils near 303°, with scarcely any decomposition. It is 
soluble in 1*2 parts water at 14°. 

The calcium salt, C5He04Ca 4- 4H2O, and barium salt, C5He04Ba -f SH^O, are 
easily soluble in water ; the first is more readily in cold than in warm water 
(like calcium butyrate, p. 304). 

Monomethyl ester, b.p. 153°/20 mm.; dimethyl ester, b.p. 214° (Ber. 26, 
R. 276 : C. 1900, I. 169) ; ethyl ester, b.p. 237°. 

The anhydride, CsHgOs, m.p. 56-57°, forms on slowly heating the acid to 230- 
280°, and in the aption of acetyl chloride on the silver salt of the acid. 

Glutarimide, C3He(CO)2NH, m,p. 162°, is formed when ammonium glutarate 
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is heated ; when trimethylene cyanide (q.v,) is heated with sulphuric acid and 
water to 180-200® (C. 1902, I. 711), and by osddation of pentamethyleneimine 
(p. 386) or piperidine with (Ber. 24, 2777). When heated to redness with 
zinc dust, a Uttle pyridine is formed (Ber. 16, 1883). 

Glutaric peroxide, 02(C0CHaCHaCH2C00H)2, m.p. 108° (decomp,), is prepared 
from glutaric anhydride and being heated it yields a little suberic 

acid (p. 562) (C. 1904, 11. 766). 

Glutaric dihydrazide, (CH2)8(CONHNH2)2, m.p. 176®. Glutaric diazide is an 
explosive oil (J. pr. Chem. [2] 62, 194). 

NUrile of glutaric acid, triimthylene cyanide, CN*[CHa]8*CN, m.p. — 29®, b.p. 286° 
(C. 1901, 11. 807), is obtained from trimethylene bromide and potassium cyanide. 
Alcohol and sodium convert it into pentamethylene diamine (p. 385) and piperidine 
(p. 386), whilst it yields glutarimide dioxime withhydroxylamine (Ber. 24, 3431). 

^-Chloroglutaric acid is obtained from jS-hydroxyglutaric acid. Biethyl- 
aniline converts it into glutaconic acid (p. 575) (C. 1905, I. 1225). 

PeirMloroglutaric acid, COgH-CClaCHClCCla'COgH (Ber. 25, 2219). 

a-Bromo- and a-iodo-glutaric ester are converted by KOH or diethyl aniline 
into trimethylene dicarboxylic acid (C. 1905, I. 1225). 


ay-Dibromoghitaric acid, CHa(CHBrCOOH)2, c^s-form, m.p, 170° ; trans* 
form, m.p. 143° (decomp.) (c/. p. 559, ay-di-alkylglutaric acids) result when 
glutaric acid is brominated, and by the oxidation of cis- and iran-s -dibromides of 
ct/cZopentadiene (Vol. II). Reduction converts them into glutaric acid, whilst 
OLp-dihromoglutaric acid, the dibromide of glutaconic acid (p. 575), yields gluta- 
conic acid when reduced (Ann. 314, 307, 509). 

Mono-alkylglutaric Acids. --a-Methylglutaric acid, COOH-CHj-CHa^CHMe- 
COOH, m.p. 76®, results from the reduction of saccharone, and on treating 
camphorphorone with KMnO^ (Ber. 25, 265). It may be synthesized from 
methylacetoacetic ester and j5-iodopropionic acid ; and when BINO acts on laevu- 
linic acid. It is a by-product in the decomposition of isobutanetricarboxylic 
ester, the condensation product of bromowobutyric ester and alcoholic sodium 
malonate (see below). A series of a-alkylglutaric acid are formed by the decom- 
position of the alkylpropane-aay-tricarboxylic esters (C. 1901, 1. 302). a-Methyl- 
glutoic acid and PgSj yield 3-methylpenthiophen. Anhydride, m.p. 40®, b.p. 
283° ; anUic add (Ann. 292, 211) ; dinitrUe, a-methyltrimethylene cyanide, 
b.p. 270®, is prepared from dibromobutane and KNC (C. 1902, II. 1097). 

ocid, m.p. 60®, b.p. 195®/30 mm. ; anhydride, b.p. 276® ; anMio 
add (Ajm. 292, 144, 215). ^ 

p-Methylglutaric acid, CH8CH(CH8C02H)2, m.p. 86°, is formed from crotonic 
ester and sodium malonic ester or sodium cyanoacetic ester (C. 1906, I, 186) ; 
also from ethyiidene dimalonic acid ; anhydride, m.p. 46°, b.p. 283° (Ber. 24, 
2888). ^-Ethylglutaric add, m.p. 67®, is prepared from propylidene dimalonic 
acid. fi-isoPropylglutaric acid, m.p. 100®, is formed from a-cyano-jS-isopropyl- 
glutanc mono-ester or carboxy-j5-iaopropylglutaric ester, whose methyl-substitu- 
tion product yields a-me«/i2/i-j8-isoprop2;Zgriw<ayic acid (Ber. 38, 947). The 
p-mpropylglut^c acid, when oxidized with CrOg, is converted into teipenylic 
acid (p. 612) ; but KMnO* produces terebic acid (p. 612) (0. 1899, I. 1157 ; 

J?' dimiriZe^ of the jS-alkylglutario acids are obtained also 

by boiling with water the oximes of alkylidene bis-pyroracemio acids (diketo- 
pimeHc acids), RCH[CHaC(NOH)COOH]* (C. 1906, I. 1106). 

Di- and Tri-alkylglutaric acids are produced together with tri- and tetra- 
methyl suceimc acids in ^theses of these latter acids from oc-bromotso- 
butyric acid with galver, with methylmalonic ester, etc. In order to explain the 
formation of these unexpected alkylglutaric acids in these reactions, it has been 
assumed that a portion of the a-bromowobutyrio acid gives up HBr and passes 
mto methacrylic ester. In the silver reaction the HBr attaches itself to the methyl 
aciyhcesto,andthesilverwithdraws bromine from the a- and j8-bromoisobutyric 
esters, whereby the residues unite to trimethylglutaric ester (Ber. 22, 48, 60) ; 

CjiHjOOC;CBr<;^* y CaHsOOC-C 

C.H.OOC.CE<^f' + (ch5'>C-COOO.H. 
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In the second reaction sodium methylmalonic ester attaches itself to methyl 
acrylic ester, and when' the addition product is saponified it yields dimethyl 
glutaric acid (Ber. 24 , 1041, 1923) : 

+ HCNa<COOC,H, ^ 

C,H»OTO^>C=-CH.-CNa<COOCA 

The aa'- (or ay-) and ajS-dialkyl glutaric acids, similarly to the syw.-dialkyl 
succinic acids (p. 549), exist in two modihcations — the racemic- and «^eso-fo^ms. 

cxjcil' -D imethylglutaric acid, CH2[CH(CH3)C02H]g, m.p. meso-acid, 127°, racemic- 
acid, 140° (Ann. 292 , 146 : Ber. 29 , R. 421), is also prepared from CH2I2 and 
sodium a-cyanopropionic ester. The meso-aicid can also be obtained by reduction 
of aa-dimethylglutaconic acid (p. 577) by means of HI and phosphorus, accom- 
panied by the wandering of a methyl group (C. 1903, I. 697). 

Bromine converts both acids into a-bromo-derivatives, from which hydroxy- 
dimethyl glutaric acids and their lactones are obtained (Ber. 25 , 3221 : Ann. 
292 , 146). The 127° acid is converted by acetyl chloride or acetic anhydride 
into the anhydride, m.p. 94°, while the 140° acid is unaffected at moderate 
temperatures (Ber. 31, 2112). The 140° acid is the racemic form and has 
been resolved by the use of strychnine or brucine (Ber. 43 , 3250 : C. 1919, 

l. 607). 

(m.' -Diethylglutaric acids, m.pp. 120° and 94°, are formed by the reduction 
of ]S-hydroxy-ota'“diethylglutaric acid by hydriodic acid (C. 1902, II. 107). On 
heating the barium salts of aa'-dimethyl and -diethylglutaric acids there result 
dimethyl- and diethyl-cj/cZopentanone (C. 1897, II. 342). %cl' -M ethylmoJmtyl- 
glutaric acids, m.pp, 121° and 78°, are produced from sodium i^obutylmalonic 
ester and bromoiaobutyric ester, etc. (C. 1900, II. 368). 

CL^-Bimeth/ylglutaric acids, 002H*CH(CHs)CH(CH3)CH2C02H, imna-acid 
fluid, c{5-acid, m.p. 87°, are formed by hydrolysis and splitting off of CO2 from 
the condensation products of crotonic ester, sodium cyanoacetic ester and 
iodomethane ; also of angelic or tiglic esters (p. 346) and sodium cyanoacetic 
ester (C. 1903, 1. 565, 1122 : 1906, L 186 : c/. also Ann. 292 , 147 : Ber. 29 , 
2058). 

as-aoi-Dimethylghitaric acid, C02H*C(CH3)aCH2CH2C02H,m.p. 85° j anhydride, 

m. p. 38°, is prepared from y-chlorowobutylacetic acid and potassium cyanide 
(C. 1898, II. 963 : c/. C. 1902, II. 25) ; by reduction of the addition product of 
HI to aa-dimethylglutaconio acid by means of zinc- and hydrochloric acid; 
also by oxidation of camphor derivatives (Vol. II) (C. 1900, II. 282). Treatment 
of aa-dimethylglutaric anhydride with AlgClc in chloroform leads to a partial 
production of wocaprolactone and pyroterebip acid and COg (c/. as-dimethyl- 
succinic anhydride (p. 552) ; also C. 1902, I. 567). 

pp-Dimethylglutaric acid, m.p. 104° ; anhydride, 

m.p. 124°, is prepared from dunethylacrylic ester with sodium or potassium 
malonic ester with subsequent decomposition of the dimethylpropanetricarboxylic 
ester which is formed (Ann. 292 , 145 : C. 1897, I, 28) ; by decomposition of 
j5j5-dimethylpropanetetracarboxylic ester (C. 1899, I. 926) ; of jSjS-dimethyl-oca'- 
dicyanoglutaric ester or imide (C, 1901, 1. 821) ; also by oxidation, by means* of 
KBrO, of dimethylhydroresorcinol (Vol. H) (C. 1906, II. 18 : Ber. 32, 1879) ; 
anilic acid, m.p. 174°. Bromo-jSjS-dimethylglutaric ester and alcoholic potassixra 
hydroxide yield the two caronic acids (Vol. II). pp-Methyleihylglutaric acid, 
m.p. 87°. pp-Methylpropylglutaric acid, m.p. 92°. pp~Methylbutylglutaric acid, 
m.p. 65°. BB-Diethylglutaric add, m.p. 108° (see C. 1901, I. 821). 

ouxy-Trimethylglutaric acid, C08H2CH(CH3)CH8C(CHj)2C02H, m.p. 97° (c/. 
Tetramethylsuccinic acid) ; anhydride, m.p. 96°, b.p. 262° (Ann. 292, 220, 
C. 1906, II. 422). app-Trimethylglutaric acid, m.p. 88°, is obtained from cam- 
phoric acid (Vol, II), and a-oyano-aj3j3-trimethylglutaric ester ; anhydride, m.p. 
82° (0. 1899, I, 522) ; a-cyano-ajSjSy-tetramethylglutaric ester, produced by 
methylating a-cyano-a'dfi-trimethylglutaric ester, yields the apPy-tetramethyl- 
C0jH‘CH(CHs)C{CH8)2CH(CH3)CO2H, m.p. 140° and 90° (C. 1900, 

II. 466). 

otccy/'^Tetrarnethylglataric acid, CHa[C(CHa)8COOH]g, m.p. 186°, is pro- 
duced from jS-hydroxytetramethylglutaric acid by HI (C. 1900, II. 629). 
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Derivatives of Adipic Acid and Higher Dicarboxylic Acids 

Adipic acid, COOH*[CH 2 ] 4 -COOH, and its alkyl derivatives are 
volatile under diminished pressure without decomposition. (1) These 
acids, together with the higher homologues, are characterized by the 
formation of cyclic ketones when their calcium salts are heated (W isli- 
cenus, Ann. 275, 309). In the case of the higher acids, the use of 
the thorium salts yields better results. In many cases, small yields 

of cyclic diketones accompany the monoketones in this reaction 
(Ruzicka and others, many papers in Helv. Chim. Acta, 9, and later 
volumes). 

CHa-CHa-COOH CHgCHav 

I i >CO 

CHa-CHsj-COOH CHa-CHa/ 

Adipic acid. c^c^oPentanonc. 

/CHoCHo-COOH /CH.-CHav 


or in general, 


/pTT \ 


XCHs-CH/ 

cj/rZcHexanono. 


{CH2)„>C0 


^(^H2)«<CcoOH 


(CH^X^gXCHsln. 


The yield of many of these higher ketones is very small, cyclo- 
Hexanone, obtained from pimelio acid, is obtained in 70% yield 
from the thorium salt, but the yield of C2/cZodecanone from the acid 
(CH 2 ) 9 (C 00 H )2 is only 0-l-0*2% of theory. 

(2) Cyclic condensation can also be brought about by the action 
of sodium or sodium amide on the esters of adipic, pimelic acid, and, 
to a lesser extent, suberic acid ; j9-keto-cycZoparaffin carboxylic esters 

yCO 

are formed having the general formula (CHg),/ 1 . Like aceto- 

XcHCOaR 

acetic ester, the CH-group can be alkylated by CsHgONa and alkyl 
iodides, but when boiled with alcoholic sodium alcoholate the ring 
becomes broken, re-forming the dicarboxylic esters. 

These reactions provide a method for alkylating adipic and pimelic 
acids in the a-position (Ann, 317, 27 ; cf. C. 1905, II. 31 : 1908, I. 
1169), 6.^.- 

HOCO ROCO ROCO ROCO'CH(CH3)CH2 

CH,-CHj /CH-CHj /C(CH,)-CHj CH.-CH* 


EOCOCH.CH, 




ROCOCH-(CH,)-CH, 

1 

CH(CH3)'CHj 


/CH{CHj)CHs 

I 

SC{CHs)— OHj 


/CH(CH3)CHj 


(3) Adipic acid and the higher normal paraffin dicarboxylic acids, 
like succinic acid, tend to form anhydrides when boiled with acetyl 
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chloride or acetic anhydride. The resulting bodies probably do not 
consist of single molecules, but are multiples of them (Ber. 27, R. 
1105 : C. 1896, II. 1091 : 1907, I. 964) {cf. also the anhydrides of 
dialkylmalonic acids, p. 546). 

The anhydrides obtained from adipic and pimelic acids and their 
alkyl substitution products by boiling with acetic anhydride, decom- 
pose when distilled into COg and cyclic ketones (C. 1907, 11. 685) : 


CH^CH-CHa-CO V 

I >0 (?) 

CH^-CHa-CO/ 

(CH3)2C~CH2'CH2-C0 

I f (?) 

OHg-CHg-CO O 


CH 3 CHCH 2 V 
-> I >CO 

CHg-CHg/ 
(CH3)2C— CHg-CHs 
1 \ 
CHg-CHg-CO 


Adipic acid [hexane diacid], C02H*[CH2]4C02H, m.p. 148°, b.p. 
205*5°/10 mm., was first obtained by the oxidation of fats {adeps 
= fat) by nitric acid. It can also be formed by the oxidation of 
cyclohexane, and most readily by oxidation of cycZohexanone or cyclo- 
hexanol, the products of reduction of phenol (Vol, II) by means of 
alkaline potassium permanganate (Ber. 39, 2202 : 41, 575). It can 
be prepared (1) by reduction of hydromuconic acid (p. 577) ; (2) 
synthetically, from /S-iodopropionic acid and silver at 130-140°, or 
copper at 160° (Ber. 28, R. 466) ; (3) from ethyl potassium succinate, 
by electrolysis (Ann. 261, 177) ; (4) from ethylene dimalonic acid or 
butane tetracarboxylic acid by loss of CO 2 ; (5) by hydrolysis and 
splitting of y-cyanopropyl malonio ester or of tetramethylene (ficyanide 
(C. 1901, I. 218, 610 : II. 807). 

The action of sodium converts adipic ester into /S-ci/cZopentanone 
monocarboxylic acid ester. Distillation of the calcium salt or anhy- 
dride results in the production of cycZopentanone {Vol. II). Amide, 
m.p. 222° (Ber, 32, 1772). Adipic dinitrile, tetramethylene dicyanide, 
m.p. 1°, b.p. 295°, is formed from tetramethylene bromide or iodide 
and KNC (C. 1901, I. 610 : II. 807). 


Alkyladipic acids. — oL-Methyladipic acid, m.p. 64®. ct-Ethyladipic acid is a 
liquid. p-Methyladipic acid, m.p. 89®, b.p. 211®/14 mm. It results from the 
oxidation of pulegone and merithone (Ann. 292, 148) ; ethyl ester, b.p. 138®/15 
mm. [a]D + 2*24®. Condensation of the ester (see above) to methyl cycZopenta- 
none carboxylic ester is accompanied by a great increase in the optical rotation 
to [ajo + 78‘24" (C. 1905,11.31). (x4so Propyladipic acid, m.p. 67®, b.p. 222°/12 
mm. (C. 1908, I. 1169, 1616)., 

Dialkyladipic acids are obtained (1) from cycZopentanone carboxylic esters, 
by alkylation and breaking of the ring (see p, 560) ; (2) from ethylene bis-al^l 
malonic esters ; (3) from lactones or the bromo-fatty acids corresponding with 
them, by the action of KNC or sodium malonic ester or sodium cyanoacetic ester 
(c/. p. 534) (C. 1907, II. 897 : 1908, 1. 1616) ; (4) by oxidation of hydro-aromatic 
ketones (Vol. II) . txh’Dimethyladipic acid, two modifications, m.pp. 143° and 76° ; 
dinitriles are produced from the two ^€-dibromohexanes (p. 373), by KCN (Bar. 
34, 807). axL-Dimethyladipic acid, m.p. 90®. pp'-Dimeihyladipic acid, m.p. 87® 
(C. 1905, 1. 26 : 1907, 1. 239 : 1908, 1. 1616). OLy^Dimethyladipic acid, m.p. 80°, 
y-M ethyl- p-ethyladipic acid, m.p. 98°. aS-Methylisopropyladipic acid, m.p. 
111°, etc. 

Normal pimelic acid [heptane diacid], C02H[CH2]5C02H, m.p. 105° (Ann. 
292, 150), was first prepared by oxidizing suberone ; and from salicylic md by 
the action of sodium in amyl alcohol solution ; cyc^hexanone carboxylic acid 
results as an intermediate product, and the ring is broken according to the 
VOL. I. 00 
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formula on p. 560 (Ann. 286, 259) ; by heating furonic acid, with HI ; 

and in the oxidation of fats with nitric acid. It can be obtained synthetically 
from trimethylene bromide and malonic ester by heating pentamethylene tetra- 
carboxylic acid, which is the first product of the reaction (Ber. 26, 709). It may 
be conveniently prepared from the dinitrile, 'pentamethylene dicyanide, b.p. 172°/12 
mm. This is obtained from crude dichloropentane (pp. 371, 373), and KCN 
(Ber. 37, 3588 : C. 1904, II. 587). When its calcium salt is distilled cyclohexanone 
is produced (p. 560). 

Alkylpimelic acids ; a-, jS-, and y~methylpimelic acids, m.p. 54®, 49°, and 
66°. They are formed when the o-, m-, and p-cresotic acids (Vol. II), or better, 
their dibromo-derivatives, are reduced by amyl alcohol and sodium (Ann. 295, 
173). The a-aeid may also be prepared from the corresponding tetracarboxylic 
acid (Ber. 29, 729), and by acid decomposition of methyl cycZohexanone carboxylic 
ester (p. 560). 

tX€-I)imethylpimeUc acids, m.p. 81° and 76° (Ber. 28, R. 465). 

a^€-Trimethylpimelic acid, b.p. 214°/15 mm. (Ber. 28, 2943). 

pp-Dimethylpimelic acid, m.p. 104°, and ayy-trimethylpimelic acid, m.p. 55°, 
are prepared from the condensation products of S-bromo-^-dimethylcaproic ester 
and sodium malonic ester and sodium methylmalonic acid respectively. The 
anhydrides of these acids yield on distillation dimethylcycZohexanone and tri- 
methylcycZohexanone (p. 561) (C. 1906, I. 1819 : 1907, I. 964). 

(x,€-Dihromopimelic acid, m.p. 141° ; diethyl ester, b.p. 224°/28 mm., when 
acted on by sodium ethoxide yields cycZopentene dicarboxylic acid (Vol. II), 

Suberic acid [octane diacid], C02H[CH2]eC02H, m.p. 140°, is obtained by 
boiling cork (Ber. 26, 3089), or fatty oils, with nitric acid (Ber. 26, R. 814) 
{suber = cork). Its eth/yl ester, b.p. 280-282°, has been synthesized by electro- 
lysing potassium ethyl glutarate ; it is also obtained by the action of magnesium 
and CO 2 on trimethylene bromide (p. 372) (Ber. 40, 3039). Distillation of the 
calcium salt produces suberone (cyc^oheptanone) (Ann. 275 , 356) ; anhydride, 
m.p. 62° ; diamide, m.p. 216° (Ber. 31, 2344) ; dihydrazide, m.p. 186° ; diazide, 
m.p. 26° (see also aj-hexamethylene diamine (p, 385) (J. pr. Chem. [2] 62, 198). 
p€-Tetramethylsuberic acid, [HOOC*CH 2 C(CH 8 ) 2 ‘CH 2 ] 2 » m.p, 165°, is produced 
from j8-dimethylgiutaric mono-ester, by electrolysis (C. 1906, II. 18). 

Hi^er paraffin- dicarboxylic acids result, accompanied by oxalic, succinic 
and suberic acids, when fatty and oleic acids are oxidized by nitric acid. 

The higher acetylene carboxylic acids (p. 352) usually decompose into the 
acids CaHgn-iOi, when oxidized with fuming nitric acid. The mixture of acids 
that results is separated by fractional crystallization from ether ; the higher 
members, being less soluble, separate out first (Ber. 14, 560). Such acids have 
also been produced by the breaking-down of ketoximic acids through the action 
of concentrated sulphuric acid, e.y. sebacic acid from ketoxime stearic acid 
(p. 348). 

The higher dicarboxylic acids can be built up from the lower, azelaic and se- 
baoic acids, by the following series of reactions! 


Azelaic acid. 


Eeductlon 

^ 

l^a-falcohol 




DH 


HBr 
> 


/PTT \ ,^CH2*CN 
5. . 


^ /PTT ^ 


etc. 


(Helv. Ohim. Acta. 9, 264). 

Azelaic acid, lepargylic acid, [nonane diacid], C08H[CH2]7C02H, m.p. 106°, 
is obtained by the oxidation of oleic acid and castor oil by nitric acid or per- 
manganate (Ber. 17, 2214 : 0. 1900, 1, 250). The name is derived from azotic 
acid = nitric acid, and elaidic acid, connected with oleic acid. It is synthetically 
prepared from pentamethylene bromide and sodium acetoaeetic ester (Ber. 26, 
2249). When distilled with lime it yields azelaone (cyc^ooctanone) ; ethyl ester, 
b.p. 291° (Ann. 307, 375); anhydride, m.p. 52°; nitrile, b.p. 195°/21 mm. 
(C. 1898, II. 848). Azelaic ditkiolic acid, COSH[CH 2 ],COSH, m.p. 73°, is formed 
when azelaic diphenyl ester is treated with NaSH. Sodium converts it into a 
disulphide, [CHa^ECOilS* (C. 1906, II. 217). 

Sebacic acid [deeane diaoid], C0aH[CH2]aC02H, m.p. 133°, is formed (1) by 
dry distillation of oleic acid ; (2) by oxidation of stearic acid, spermaceti or castor 
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oil by nitric acid ; (3) from stearyl ketoxime ; (4) from heptane tetracarboxylic 
acid (Ber. 27, R. 413). Anhydride, m.p. 78*^ ; diethyl ester, b.p. 196®/20 mm. ; 

yCONH 

dihydrazide, m.p, 185° ; diazide, m.p. 34°. sym.-Sebacic hydrazide, [CHglsC I » 

\CONH 


m.p. 142° (J. pr. Chem. [2] 62, 216). 

Nonane-aw-dicarboxylic acid, [CH 2 ] 9 (COOH) 2 , m.p. 110°, is obtained by 
the oxidation of co-hydroxyundecoic acid (p. 429) by chromic acid, or S3mthetically 
from azelaic acid, as shown on p. 562. 

Decanedicarboxylic acid m.p. 127°, is prepared from 

a>‘bromoundecoic acid and KNC ; also synthetically by electrolysis of pimelic 
mono-ester (Ber. 34, 900 : C. 1901, II. 1046). 

Brassylic acid [CHa]ii(C 02 H) 2 , m.p. 114°, is obtained by oxidation of 
behenolio acid and erucie acid (Ber. 26, 639, R. 705, 811). It is synthetically 
prepared by condensing a)-bromoundecoie ester and sodium malonic ester in 
alcohol, and subsequently hydrolysing and decomposing the condensation 
product. On the simultaneous formation of an isomeric acid (possibly a-methyl- 
deeanedicarboxylic acid), m.p. 82°, see Ber. 34, 893 (c/. C. 1901, II. 1046). 

Melting points of the anilides and toluidides of the more important dicarboxylio 
acids from C 3 to Cja, see J.C.S. 1927, 2926. 

Dodecanedicarboxylic acid, [CH 2 ]i 2 (COOH) 2 , m.p. 126-5° (BCelv. Chim. 
Acta, 9, 271). 

Tridecanedicarboxylic acid, [CH 2 ]i 3 (COOH) 2 , m.p. 114° (Helv. Chim. 
Acta. 9, 273). 

Tetradecanedicarboxylic acid, [CH 2 ]i 4 (COOB[) 2 , m.p. 123° (Biochem. Z. 
108 , 76). 

Pentadecanedicarboxylic acid, [CHJisCCOOH)^, m.p. 118° (Helv. Chim. 
Acta. 9, 275), is formed by the decomposition of dihy^oeivetone. Rocellic 
acid, C 17 H 32 O 4 , m.p. 132°, occurs free in Rocella tinctoria. 

Hexadecanedicarboxylic acid, [CH 2 ]i 6 (COOH) 2 , m.p. 124°. Its thorium 
salt on distillation yields dihydrocivetone (Helv. Chun. Acta. 9, 262, 276). 

Heptadecanedicarboxylic acid, [CH 2 ]i 7 (COOH) 2 , m.p. 119°. 

EicosanedicarboT^lic acid, [CH 2 ] 2 o(COOH) 2 , m.p. 123° : obtained by 
electrolysis of potassium ethyl decan^icarboxylate (Proc. Roy, Soc. Edin. 
46, 71). 

Tetracosanedicarboxylic acid, C 26 H 60 O 4 , m.p. 123-5°. 

Octacosanedicarboxylic acid, m.p. 123-5° (Proc. Roy. Soc. Edin. 46, 71). 

Higher methyl-substituted dicarboxylic acids, see Helv. Chim. Acta. 10 , 


680, 691. 


B. OLEFINEDICARBOXYLIC ACIDS, CnH2a-404 
The olefinedicarboxylic acids bear the same relation to the 
saturated dicarboxylic acids as the acrylic acid series to the fatty 
acids. In acids which have the two carboxyl groups attached to 
different carbon atoms, the acids are known in two stereoisomeric 
cis* and frans-forms, which show considerable differences from each 
other in their tendency to anhydride formation, and in the products 
they yield on oxidation at the ethylene linkage. 

R-C-COOH R-C-COOH 

li ii 

COOH-C-R R-C-COOH 

Tram. C’is. 


These acids are isomeric with the cycfoparaffindicarboxylic acids 
containing the same number of carbon atoms, e.p. : 

CH2-GH(C00H) 

CH 2 -OH(COOH) 

<?^c2oButaiiedicarboxyIic 
add. 


CH2V 

j >C(C00H)2 
CH 2 / 

(t’ydoPropanedlcarboxylic 

add. 



564 


ORGANIC CHEMISTRY 


(a) Malonic Acid Derivatives 

Methylmemahnic ester, CH2=C(C02C2H5)2, is produced together with 
^-ethoxjTnethylmalonie ester, Et0‘CH2*CH(C02Et)2, when 1 molecule of methy- 
lene iodide and 2 molecules of sodium ethoxide act on 1 molecule of malonic 
ester (Ber. 23 , R. 194 : 22 , 3294 : Ann. 273 , 43). Under diminished pressure it 
distils as a mobile, badly-smelling oil. If allowed to stand, it soon changes into 
a white, solid mass, <C8Hi204)2 (C. 1898, II. 1169). The liquid ester unites with 
bromine. (See also jS-Hydroxyisosuccinic acid, p. 605.) 

Ethylidenemalonic ester, CHjCH : C(C02C2H6), b.p. 116°/! 7 mm., is formed 
when acetaldehyde is condensed with malonic ester by acetic anhydride (Ann. 
218 , 145), Malonic ester combines with it to form ethylidenedimalonic ester. 
Hydrolysis with barium hydroxide solution converts it into a hydroxy-carboxylic 
acid, C3H5(0H)(C02H)2. Trichloroethylidenermlonic ester, CCI3CH : C(C02C2Hs)2, 
b.p. 160®/23 mm., results when chloral and malonic ester are condensed by acetic 
anhydride (Ann. 218 , 145). 

iaoPropyliderLemalonic acid, (CH3)2C : C(C02H2), m.p. 170° ; ethyl ester, 
b.p. 176°/120 mm., is formed from malonic ester and acetone by the action of 
acetic anhydride (Ber. 28 , 785, 1122, c/. Ber. 34 , 1955). 

Cyanoacetic ester, reacting with aldehydes in the presence of sodium ethoxide, 
gives rise to olefine nitrile esters, such as ethylidene cyanoacetic ester, CH3CH : C- 
(CN)C02R (C. 1901, I. 1271 : c/. C. 1898, 1. 664). Cyanoacetic ester condensed 
with acetone by diethylamine, is converted into isopropylidenecyanoacetic ester, 
: C(CN)C02C2H5, m.p. 28° (Ber. 33 , 3530 : C. 1905, II. 726). 

Allylmalonic acid, CH2 : CH*CH2CH(C02H)2, m.p. 103°, is obtained from 
malonic ester by means of allyl iodide. It crystallizes in prisms (Ann. 216 , 
52). Compare y-Valerolactone, p. 427, and Carbovalerolactonic acid, p. 614. 
See Ber. 29 , 1856, and C. 1905, II. 660, for ethylallylrmlonic acid and its homo- 
logues. 

(6) Uiisaturated Dicarboxylic Acids, in which the Carboxyl 
Groups are attached to two Carbon Atoms 

Formation, — ^They can be obtained, like the acrylic acids, from 
the saturated dicarboxylic acids by the withdrawal of two hydrogen 
atoms. This is effected (1) by acting on the monobromo-derivatives 
with alkalis : 

- HBr 

C2H3Br(C02H)2 > C2H2(C02H)2; 

Bromosuccinic acid. Fumaric acid. 

(2) by allowing potassium iodide to act on the dibromo-derivatives 
(p. 555). Thus, fumaric acid is formed from both dibromo- and iso- 
dibromo-sucoinic acids : 

-f 2KI = C2H2(C02H)2 + 2KBr -f ; 

and mesaconic acid; C 3 H 4 (C 02 H) 2 , from citra- and mesa-dibromo- 
P 3 n'otartaric acids, CgH^BrgCCOaHja. (3) ’From the hydroxydicar- 
.boxylic acids by the elimination of water (p. 604). 

Behaviour, — ^The acids of this series show the same tendency to 
addition reactions as was observed with the unsaturated monocar- 
boxylic acids. Thus (1) hydrogen causes them to revert to saturated 
dicarboxylic acids ; (2) halogen acids (particularly HBr) and (3) halo- 
gens convert them into haloid-saturated dicarboxylic acids. (4) When 
heated with potassium hydroxide an addition of hydrogen sometimes 
occurs with the production of monohydroxy-saturated dicarboxylic 
acids ; other acids are molecularly rearranged (Ber. 26 , 2082). Such 
rearrangement among isomers has been induced by boiling water or 
acids (c/. fumaric and maleic acids, mesaconic, citraconic and itaconio 
acids). (5) Potassium permanganate oxidizes some of the unsatu- 
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rated dicarboxylic acids to dihydroxy-dxcarboxylic acids of the paraffin 
series. (6) Amino- and substituted amino-dicarboxylic acids of the 
saturated series have been obtained by the addition of ammonia, 
aniline and other bases. 


(7) The acids of this series combine with diazomethane or diazo- 
acetic acid, yielding pyrazoline derivatives (Ann. 273, 214 ; Ber. 27, 
868), which pass into trimethylene derivatives by the elimination of 
nitrogen (p. 469) : 

BOCOCH ROCOCH— CH^COgR ROCOCH— CHCOOR 

11 +N2CHCOaR~> i ^ | / 

ROCOCH ROCOCH ROCOCH^ 


Fumaric and maleic acids, the first members of this series, are 
the most important acids of their class. 


Fumaric and Maleic Acids 

Fumaric acid, CaH2(C02H)2, occurs free in many plants, in 
Iceland moss, in Fumaria officinalis^ and in some fungi. 

It is formed (1) when inactive and active malic acid are heated 
(water and maleic anhydride are also produced) (Ber. 12, 2281 : 18, 
676), and by boiling malic acid with sodium hydroxide solution 
(Ber. 33, 1453) ; (2) by boiling the aqueous solutions of mohochloro- 
and monobromo-succinic acids ; (3) from dibromo- and isodibromo- 
succinic acids and potassium iodide ; (4) synthetically from dichloro- 
or dibromoacetic acid and silver malonate ; also from glyoxylic acid 
and malonic acid by heating them with pyridine (Ber. 34, 53) ; 
(5) from maleic acid (see the conversion of fumaric and maleic acids 
into each other, p. 567) ; (6) by boiling with water bromosuccinyl 
bromide, the reaction product of phosphorus and bromine on succinic 
acid (Ber. 23, 3757). 

Properties, — ^It is almost insoluble in cold water, but crystallizes 
from hot water in small, white needles. It sublimes at 200®, and at 
higher temperatures decomposes, forming maleic anhydride and water. 

Salts. — ^The silver salt, is very insoluble ; it is fairly stable under 

the influence of light ; barium salt, C4H204Ba -f SHaO, consists of prismatic 
crystals, which effloresce and when boiled with water change to C4H204Ba — a 
salt that is practically insoluble in water. 

Esters. — ^The fumaric esters are formed (1) from the silver salt and alkyl 
iodides ; (2) from fumaric acid, alcohols and hydrochloric acid ; (3) from the 
esters of monobromosuccinic acid by the action of p3rridine or quinoline (C, 1905, 
I. 25) ; by the slow distillation of malic and acetyl malic esters (Ber. 22 , R. 813) ; 

(4) from maleic esters (see interchange between fumaric and maleic acids, p. 567) ; 

(5) by heating diazoacetic esters (Ber. 29, 763). 

Methyl ester, C2H2(C02CH3)2, m.p. 102°, b.p. 192° ; ethyl ester, b.p, 218° (Ber. 
12 , 2283). Bromine unites with fumaric esters to form dibroraosuccinio esters. 

Many other substances have the power of adding themselves to them, e.g. 
sodium acetoacetio ester, sodium malonic ester (Ber, 24 , 309, 2887, R. 636), 
sodium cyanoacetic ester (Ber. 25 , R. 579), diazoacetic ester (above) phenyl 
azoimide, etc. 

Fumaryt chloride, COChCH : CH-COCl, b.p. 160°, is produced when PCI5 or 
phthalyl chloride (Vol. II) acts on fumaric acid (Ber. 18, 1947 : C. 1906, II. 19). 
Bromine converts it into dibromosuccinyl chloride (Ann. Suppl. 2 , 86) ; and 
with sodium peroxide it yields fumaric perotcide, a white powder, explod- 

ing at 80° (Ber. 29 , 1726). 

Fumaramic acid, CONHa^CH : CH-COgH, m.p. 217°, is formed when aspara- 
gine is acted on by methyl iodide and potassium hydroxide (Ann. 259, 137). 
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Fumaramide, CONHgCH : CH-CONHa, m.p. 266° (Ber. 25, 643). PaOj 
converts it into fumaronitrile (J.A.C.S., 40 , 970). 

FuTmThydrazide, NHgNH-CO-CH : CH-CO-NHNHa, m.p. 220° (decomp.). 
Fumarazidet NgCO-CH : CH-CONg, is crystalline. It explodes easily, and when 
boiled with alcohol yields acetylenediurethane, ROCONHCH : OHNHCOOR 
<Ber. 29, R. 231). 

Fumaranilic acid, CgHglSrH-COCH : CH-COgH, m.p. 231°, is formed from the 
corresponding chloride and water. Fmnaranilic chloride, CeHgNH-CO'CH 
CH-COCl, m.p. 120°, crystallizes from ether in transparent, strongly refracting, 
sulphur-yellow coloured prismatic needles or plates. It is produced when aniline 
acts on fumaryl chloride in excess. Fumardianilide, CeHgNHCOCH : CHCONH'* 
CgHg, m.p. 234° (deeomp.) (Ann. 239, 144 : C. 1906, II. 19). 

Maleic acid, C 4 H 4 O 4 , m.p. 135°, b.p. 160°, with decomposition 
into maleic anhydride and water. Its anhydride is formed as men- 
tioned under fnmaxic acid : ( 1 ) By the rapid heating of malic acid. 

( 2 ) In the slow distillation of monochloro- and monobromosuccinic 
acid, as well as acetylmalic anhydride at the ordinary pressure. 

(3) By the action of PCI 5 on malic acid (Ann. 280, 216). 

( 4 ) Maleic acid is formed synthetically, in small amount, when 
silver or sodium acts on dichloroacetic acid and dichloroacetic ester. 

( 5 ) Maleic acid is obtained on decomposing trichlorophenomalic 
acid or ^-trichloroacetylacrylic acid (p. 481) with barium hydroxide 
solution. Chloroform is produced at the same time. 

( 6 ) From quinone (Vol. II) by oxidation with silver peroxide 
(Ber. 39, 3715) : 

CHCO-CH CHCOOH 

• 11 II ^ 11 + 2COg. 

CHCO-CH CHCOOH 

(7) From fumaric acid (see p. 567). 

Properties. — Maleic acid crystallizes in large prisms or plates, is 
very easily soluble in cold water, and possesses a peculiar, disagree- 
able taste. 

Salts. — 04H204Ag2 is a finely divided precipitate. It gradually changes to 
large crystals. C4H204Ba -f HgO is soluble in hot water, and crystallizes well. 

The esters result from the action of alkyl iodides on the silver salt. Methyl 
ester, CaH2(COa*CH3)g, is a liquid, b.p. 205° ; ethyl eater, b.p. 225°. When heated 
with iodine they change for the most part into fumaric esters. 

CHCO\ 

Maleic anhydride, II ^O, m.p. 53°, b.p. 202°, is produced 
CHCO/ 

( 1 ) by distilling maleic or fumaric acid alone, or more readily ( 2 ) with 
acetyl chloride or PgOs (Ber. 37, 3722) ; (3) by the distillation of 
monochloro- and monobromosuccinic acids, and also of acetomalic 
anhydride (Ann. 254, 155) ; (4) when PCI 5 , PgOs and POCI 3 act on 
fumaric acid (Ann. 268, 255). It is purified by crystallization from 
chloroform (Ber. 12, 2281 : 14, 2546). It consists of needles or 
prisms, having a faintly penetrating odour. It regenerates maleic 
acid by umon with water, and forms i^odibromosuccinic anhydride 
when heated with bromine (c/. Asparagine, p. 609). 

Maleic chloride (Ber. 18 , 1947 : C. 1906, II. 20). 

CH-COHHg CHC(OH)NHav 

Maleiimmic acid, jj or jj >0, m.p, 163°. Its ammo- 

CH-COOH CHCO / 

uium salt results when anunonia acts on maleic anhydride. Aqueous potassium 
hydroxide converts the acid into maleic acid, whereas fumaric acid results when it 
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is treated with alcoholic potassium hydroxide. Maleinmethvlamic acid, m.p. 149® 
(Ber. 29, R. 653). ^ ^ 

Maleiyiimide, C2H2(CO)2NH, m.p. 93®, is produced when p5UTole is oxidized 
by chromic acid mixture. It sublimes when heated (C. 1904, II. 305). 

CH-CO-NHCcHs CHC(OH)(NHCeH5)\ 

MaleimiJiihc acid, H or Ij >0, m.p. 187®, is 

CH-COOH CHCO / 

formed when aniline acts on an ethereal solution of maleic anhydride. Heated 
under greatly reduced pressure it splits into maleic anhydride and aniline, which 
reunite in the receiver to maleinanilic acid. Alcoholic potassium hydroxide and 
barium hydroxide solution convert it into fumaric acid (Ann. 259, 137). 
CHCOv 

Maleinanil, |j ^NCgHg, m.p. 91°, results upon heating aniline malate, in 
CHCO/ 

the form of bright yellow needles. It combines readily with aniline, forming 
phenyl asparaginanil (Ann. 239, 154). Maleindianilide, m.p. 175° (C. 1901, 

1. 171). 

CHC-NJSTHa 

'i^-Amniomaleinimide, || mo - i- 

CH-CO^^’ m.p. Ill , IS obtamed from maleic 

anhydride and hydrazine hydrate in alcohol. When its solution is heated it 
CHCO-NH 

changes to malein hydrazide, |1 | , consisting of white crystals, which do 

CHCO-NH 

not melt at 250°. It is a strong acid. 

Reactions of Fwamric and Maleic Acids 

1. Acetylene is formed when the alkali salts of these acids are electrolysed 
(p. 109). 

2. Sodium amalgam, or zinc, reduces them both to succinic acid. 

3. When heated to 100° with sodium hydroxide both acids change to inactive 
malic acid (Ann. 269, 76), whilst malic acid is changed into fumaric acid when 
boiled with sodium hydroxide solution (p. 605). 

4. Fumaric and maleic esters react with sodium alcoholates to form alkyl- 
hydroxy-succinic acids (Ber. 18, R. 536). 

5. Bromine converts fumaric acid, its ester and chloride into dibromosuccinic 
acid, its ester and chloride, and maleic anhydride into isodibromosuccinic anhy- 
dride (c/. J.A.C.S. 47, 1067, 1402), 

6. Potassium permanganate oxidizes fumaric acid to racemic acid and maleic 
acid to me^otartaric acid (Ber. 14, 713 : see also J.A.C.S. 47, 1412). 

Conversion of Fumaric and Maleic Acids into each other 

1. When fumaric acid is heated, or treated with PCI5, POCI3 and P2O5 (Ann. 
268, 255 : 273, 31) it yields maleic anhydride. 

2. Maleic acid changes to fumaric acid : 

(а) When it is heated alone in a sealed tube to 200° (Ber. 27, 1365). 

(б) By the action of cold HCl, HBr, HI and other acids ; also SOg and HgS 
(Ber. 24, R. 823), NgOg (Ber. 33 , 3241), as well as by the action of bromine in 
sunlight (Ber. 29, R. 1080). 

(c) On heating maleic ester with iodine fumaric esters result. 

{d) Alcoholic potassium hydroxide changes maleinamic and raaleinanilic acids 
to fumaric acid. 

(For theoretical considerations of interconversion of maleic fumaric acid, 
see J.A.C.S. 47, 1067, 1402.) 

The Isomerism of Fumaric and Maleic Acids 
The view generally accepted as to the cause of the isomerism of 
these two acids was presented in the introduction, under the section 
relating to the geometrical isomerism of the ethylene derivatives 
(p. 41 ), In conformity with this representation we find in maleic 
acid, readily forming an anhydride, an atomic grouping which follows 
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the cis- configuration, according to which the carboxyl groups are so 
closely arranged with reference to each other that the production of 
an anhydride follows without difficulty. Fumaric acid is not capa,ble 
of forming an. anhydride, hence it has the tTO/tis- or axial symmetrical 
structure. 

These space-formulse satisfactorily represent the intimate con- 
nection existing, as shown by Kekule and Anschutz, between fuma/ric 
and racemic acids, and maleic and inactive tartaric acids. According 
to the van ’t Hoff-Le Bel view of these four acids, the oxidation of 
fumaric to racemic acid by means of potassium permanganate and 
maleic to mesotartaric acid, may be shown by the following formulae, 
which have a spacial significance (c/. p. 41) : 

COsH COgH 


H~C— COgH 

1( 

COgH~C— H 


+ 20 + 2HaO == 


H— *C— OH HO— *C-H 


HO— *C— H 


H—*C— OH 


Fumaric acid. 


COgH COgH 

Dexfcro-tartaric acid + Laevo-tartaric acid 
— Racemic acid, 

COgH 


H— C— COgH H— *C— OH 

11 4- O + HgO - j 

H^C— COgH H— *0— OH 


COgH 

Maleic acid. ?n«>‘oTartaric acid. 

The oxidation of the two acids, based on stereochemical formulae, 
is so represented that upon severing the double linkage in fumaric 
acid by the addition of hydroxyl groups an equal number of mole- 
cules of dextro- and Isevo-tartaric acid results, whilst by the rupture 
of the double linkage in maleic acid only mesotartaric acid is formed. 

Cognizant of this view, J. Wislicenias has sought to explain the conversion of 
maleic into fumaric acid by hydrochloric acid in the following manner : In these 
two acids the two double-linked carbon atoms cannot rotate independently of each 
other, consequently not in opposite directions ; but when the double union is 
removed by the addition of two univalent atoms, then free rotation at the single 
bond can occur. Accordingly, J. Wislicenus’ explanation proceeds, in his own 
words, as follows : On account of the extreme ease with which maleic acid, 
in contrast to fumaric acid, lends itself to the formation of addition products 
(Ber. 12, 2282), it first absorbs the elements of the mineral acids (e.j;., HCl), and 
becomes converted into a substituted succinic acid, which, under the directing 
influence of the greater affinities, assumes the preferred configuration (in which 
similar groups are as far removed from each other as possible) by the rotation 
of the one system in opposition to the other, and then by the loss of HCl, under 
the influence partly of the water which is present and partly of the slight solubility 
of fumaric acid, the latter acid must result.” 


H— C— COjH +HC11 

11 

H— C— COJEC 

HClCOgH 

y 

Cl COjjH H 

^ -HCl 

1 

COjH— 0— H 

II 

H— C— COjH 

^ 1 — 
C 

j > 

c 

Maleic add. 

Monochlorosttccinic add 

Fumailc add. 


previous to 
rotation 

after rotation 
in the preferred position. 
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This explanation of Wislicenus is, however, not satisfactory, as the mono- 
chlorosuccinic acid postulated as an intermediate is known in the free condition, 
and under the above reaction conditions yields no fumaric acid (Anschutz, Ann. 
254 « 168). Many other facts are not in agreement with the above explanation 
(cf. Ber. 20 , 3306 : 24, B. 822 ; 24, 3620 : 25, R. 418 : 26, B. 177 : Ann. 
259, 1 : 280, 226 : J. pr. Chem. [2] 75, 105 : c/, Z. physik. Chem. 48, 40). 

Attempts have also been made to represent the isomerism of fumaric and 
maleic acids structxirally, fumaric acid being represented as ethylenedicarboxylic 
acid (I), while maleic acid is represented as the y-dihydroxylactone (II) : 


H-C-COOH 


COgH-C-H 
Fumaric acid. 
(I) 


H-C-C^OH 
il >o 

Maleic acid. 
^( 11 ) 


However, even this view, as yet, does not afford a satisfactory explanation of 
the reactions by which these acids are converted into each other. Consult 
Ann. 461, 155, for the history of the isomerism of fumaric and maleic acids. 

The various ideas as to the cause of the isomerism of fumaric and maleic acids 
are connected with the question as to the nature of the double linkage (p. 44). 

Finally, attention may be directed to the difference in the heat of combustion 
of the acids. This would indicate that the energy present in the acids, in the form 
of atomic motion, is markedly different. “ This fact suggests the possibility that 
the cause of the isomerism is not to be sought exclusively in the varying arrange- 
ment of the atoms, nor in their different spacial positions, but also in the varying 
magnitude of the motion of the atoms (or atom complexes).’* “ It is also possible 
to imagine a case in which the isomerism would only be influenced by the differ- 
ence in energy content — a case in which there might be perfect similarity in link- 
age and also in the spacial arrangement of the atoms.” 

In addition to structural and spacial isomerism, there is the hypothesis of 
energy or dynamical isomerism (Taruitar, Ann. 273, 64 : Ber. 11, 1027 : 29, 1300), 
to which this name is more applicable than to that to which attention has been 
drawn in connection with the 5ym-.-dialkylsuccinic acids (p. 549). Klinger 
proposes the name ” alloergatia ” (from ergasia or ergatia) for that type of iso- 
merism when molecules of the same weight and chemical construction contain 
unequal quantities of energy (Ber. 32, 2194). 


Halogen Derivatives of Fumaric and Maleic Acids 

Monochlorofumaric acidt C4H3CIO4, m.p. 192®, results (1) from tartaric acid 
and PCI5 or PCI3 ; (2) from the two dichlorosuccinic acids ; (3) from acetylene- 
dicarboxylio acid and fuming hydrochloric acid. Moimchloromaleio acid, m.p. 
106° ; anhydride^ m.pp. 0° and 34°, b.p. 197°/760 mm.,b.p. 95°/26 mm., is pro- 
duced when acetyl chloride acts on chlorofumaric acid, and when i^cdichloro- 
sucoinio anhydride is heated (Ann. 280, 222). 

Monohrornojurnaric acid, C4H3Br04, m.p. 179°, is produced from acetylene- 
dicarboxylic acid and HBr ; and from isodibromosuccinie acid and boiling water. 
Monobromornaleic acid, m.p. 128°, is formed when dibroraosucomic acid — the 
addition product of bromine and fumaric acid — is boiled with water ; ester, b.p. 
140°/12 mm., is prepared from dibromosuccinic ester and quinoline (C. 1905, 
1. 26) ; anhydride, b.p. 215°, is prepared by heating i^odibromosuccinic anhydride 
and ^foromosucoinio acid, either alone or with acetic anhydride or acetyl chloride. 
The action of HBr is to produce bromofumario acid and some dibromosuccinic acid. 
Momiodofumaric acid, m.p. 183° (Ber. iS, 2697). 

DiMoromaUic acid, 04C12H204, results when hexachlorocycfohexenedione, 
~ perchloroacetylaciylic acid, CClaCO*C01=CGl*CO2H 

(p. 481), are decomposed by sodium hydroxide (Ann. 267, 20 : Ber. 25, 2230). 
On the application of heat it passes into the anhydride^ C2Cl2(C0)20, m.p. 120°. 
PCI5 converts succinic chloride into two isomeric dicMoromaleic chlorides (Ber. 
18, E. 184 I C. 1900, I. 404). Its irMe, C2Cl2(COa)aNH, m.p. 179°, is obtained 
when succinimide is heated in a current of chlorine. One molecule of PCI5 
changes the imide to dicMoromaleinimide chloride (1), m.p. 148°, which is also 
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formed from PCI 5 and succinimide. Aniline converts it into dichloromaleinimide 
anil (2), m,p. 152°, Two molecules of PCI5 transform dichloromaleinimide into 
pentachloropyrrole (3), b.p. 90*5°/10 mm. : 


CCl— CCI2V 
(1) II >NH 

CCl— CO / 


CClC(NCeH5)\ 
(2) II 


CCl2*CCk 
(3) II >N 
QOhOCl/ 


Dichlorornalein anil, C2Cl2(CO)2NCeH5, m.p. 203°, is formed when dichloro- 
malein anil chloride is boiled with glacial acetic acid or water. 

Dichlorormlein aiiil chloride, m.p. 124°, b.p. 179°/11 mm., is produced, together 
with tetrachlorO’Hi-phenylpyrrole, m.p. 93°, on treating succinanil with PCI5. 
By reduction it yields S-anilidobutyrolactam (see Succinimide, p. 552). Alcohols 
convert it into dialkyl esters : dichloromalein anil dimethyl ester, m.p. 110° ; 
whilst with aniline it yields dichloromalein dianil, m.p. 187° (Ann. 295, 27) : 


CHg-CO 4PCI5 

I >NC,H5 y 

CHa-CO 

Succinanil. 


CCl-CClg 

II >NC.H 

CCI-CO 

Dichloromaleinanil 

chloride. 



CHg— CH3 

I >NCeH 

CHa— CO 


5 


.S^-Phenylbutyrolactam 


iCCl=CCl 

I >N.CeH5 

CC1=CC1 

i^-Phenyltetrachloropyrrole. 


tCCl*C(OCH3)2 

II >N-CeH5 

CCl-CO 

Dichloromalein anil 
dimethyl ester. 


CCl-C==NCeH5 
11 >NCeHs 
CCl-CO 

Dichloromalein dianil. 


Dibro?mmaleic acid, C2Br2(C0.2H)2, m.p. 120-125°, is obtained by acting 
on succinic acid with Br (C. 1900, 1. 404), or by the oxidation of mucobromic acid 
with bromine water, silver oxide or nitric acid. It is very readily soluble, and 
readily forms the anhydride, C2Br2(C0)20, m.p. 116° (Ber. 13, 736). Chlorobromo- 
maleic acid, see Ber, 29, R. 186. 

Dibromojumaric acid, m.p. 219-222°, and di-iodofumaric acid (decomp, at 
192°), are addition products of bromine and iodine with acetylenedicarboxylio acid 
(Ber. 12, 2213 ; 24, 4118). Chloriodofumaric acid, m.p. 227° (decomp.), unites with 
chlorine to form an iodosochloride (1) (c/. p. 164). It reacts with alcohol, losing 
CO2 and forms chloroacrylic acid iodosochloride (2 ) ; which, with hot water, 
yields iodosochloroacrylic acid (3) ; and finally this, with glacial acetic acid to form 
iodosochloroacrylic acid acetate (4) (Ber. 38, 2842) : 


CIC— CO\ 

CIC— COn 


(1) 11 >0 

(2) II 

>0 

HOCOC-I(Cl)/ 

HCI(Cl) / 


CIC— CO N 

CIC 

-co> 

(3) II >0 — 

>> (4) II 


HCI(OH)/ 

HCI(0C0CH3)- 


Adds, C3H4(C00H)2 

In addition to ethylidenemalonic acid already described (p. 564) 
and three ci/cfopropanedicarboxylic acids, there are four nnsaturated 
dicarboxylic acids of this formula, itaconic, citraconiCi mesaconic and 
glutaconic acids. The jSrst three of these acids are closely related. 
Mesaconic and citraconie acids are respectively the tram- and cis- 
acids, methylfumaric and methylmaleic acids, while itaconic acid, 
methylenesuccinic acid, though structurally different, is closely related 
to them, and the double bond between the a- and )3-carbon atoms 
of the first two acids can shift under certain conditions to the 
position of itaconic acid and vice versa. Citraconie anhydride is 
more readily obtained from citraconie acid than maleic anhydride 
from^ maleic acid and combines less readily with water than the latter : 
heating of citraconie acid under reduced pressure at 100® is sufficient 
to bring about anhydride formation. The action of acetyl chloride 
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on mesaconic acid also yields citraconic anhydride more readily than 
fumaric acid yields maleic anhydride : 


CH3CCOOH 

11 

H-CCOOH 

Citraconic acid. 


HO-COCCHj 

II 

H-C-COOH 


Mcsaconic acid. 


CHjCOOH 

1 

CCOOH 

II 

CH3 

Itaconic acid. 


Gliitaconic acid is structurally different from the above, and has 
the formula COOH-CH : CH-CHg-COOH {see p. 575). 


Itaconic acid, yyiethylenesuccinic add, 


CH2=C— COOH 


m.p. 161°, is pro- 


I 

CHa-COOH 

duced from its anhydride by combination with water ; or by heating citraconic 
anhydride with 3 to 4 parts of water at 150°, whereby the citraconic anhydride is 
first transfornied into itaconic anhydride which is then converted into the acid. 
It is not volatile in steam. Hydrogen converts it into pyrotartaric acid, and per- 
manganate into hydroxyparaconic acid {q.v.) (Ann. 305, 41). When electrolysed 
it yields allene, CHg = C =CH 2 (p. 114). When boiled with aniline it forms psendo- 
itaconanilic acid, the lactam of y-anilinopyrotartaric acid (p. 611) (Ann. 254, 
129). On the addition of HBr and Br^, see pp. 554, 555. 

Itaconic ditnethyl easier, m.p. 38°, b.p. 108°/11 mm., when not quite pure, poly- 
merizes into a glassy variety possessing a strong refractive index (Ber. 14, 2787 ; 
Ann. 248, 203 : Ber. 38, 691). Itawnic mono-esters (Ber. 30, 2649). 

CH 2 =C COv 

Itaconic anhydride, | >0, m.p. 68°, b.p. 146°/30 mm. Its 

CHa— CO/ 

name is formed by interchanging the syllables of aconitic acid. Itaconic anhy- 
dride is obtained from the hydrate (Ber, 13 , 1539), and from the silver salt by 
means of acetyl chloride (Ber. 13 , 1844). It has been found in the distillate 
obtained when citric acid is heated (Ber. 13 , 1542), and is probably produced by 
the decomposition of the aconitic acid which is first formed. It crystallizes from 
chloroform. When distilled at ordinary pressures it passes into citraconic 
anhydride, which unites with water far less readily than itaconic anhydride. 

Itaconanilic acid, m.p. 151 *5 (Ann. 254, 140). 

Citraconic acid, mcthylmaleic acid, m.p. 91°, is formed when its anhydride 
takes up water. The acid itself is soluble in water. Its volatility in steam is 
due to its decomposition below 100° into water and the anhydride which vola- 
tilizes. It resembles mesaconic acid in its behaviour towards KMn04 (below). 

CHaCCOv 

Citraconic anhydride, 1| >0, m.p. 7°, b.p. 213°, is found among the 

HCCO/ 

distillation products of citric acid, probably through the transformation of the 
first-formed itaconic anhydride. It is formed when citraconic acid or mesaconic 
acid is heated alone ; and when treated with acetyl chloride. Prolonged heating 
at about 200° changes it partly into xeronic acid or diethylmaleic anhydride 
(p. 574). Bromocitraconic anhydride, m.p. 99° (Ber. 27, 1855). CUracojieins 
are pigments prepared by the condensation of citraconic anhydride and phenols 
by the action of SnCl 4 (see Q.J. Indian Chem. Soc. 4, 253). 

Hydrogen converts citraconic and mesaconic acids (below) into pyrotartaric 
acid. Addition products with halogens and halogen acids have been examined 
already as substitution products of pyrotartaric acid (p. 557). Either acid, 
when electrolysed, yields allylene, CHaC^CH (p. 112). 

Gitraconanilic acid, m.p. 153° (Ann. 254, 135). 

Gitracoyianil, m.p. 98° (Ber. 23 , 2979 : 24, 314). 

Mesaconic acid, methylfumaric add, hydroxytetrinic acid, C3H4{C02H)2, 
m.p. 202°, is formed when citraconic or itaconic acid is heated with a small 
quantity of water at 200° ; by the action of sunlight on an ether-chloroform 
solution of citraconic acid, containing a trace of bromine ; by heating citraconic 
acid with dilute nitric acid, concentrated halogen acids, or concentrated sodium 
hydroxide solution (Ann, 269 , 182 : Ber. 27 , B. 412) (c/. a- and j3-Methylmalic 
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acid, p. (>11) ; and from dibromomethylacetoacetxo acid (p. 47t)). It is 
soluble with difficulty in water, and is non-volatile in steam. KUnO^ oxidizes 
it to pyroracemic and oxalic acids (Ann. 305, 407) ; bdTiwnh salts C5H404Ba 4* 
4H2O ; dimethyl ester, b.p. 203° ; diethyl ester, b.p. 229°. 

The relation between the results of partial hydrolysis and of esterification 
of the mesaconic acids have been investigated in detail. Hydrolysis of the 
di-alkyl ester yields cc'mesaconic monomethyl ester, m.p. 84°, and moiweth/yl 
aster, m.p. 68°, HOCO'CH : C(CH3)COOR ; whilst partial esterification yields 
a mixture of oc-mesaconic acid esters and ^’mesaconic monomethyl ester, m.p. 62°, 
and monoethyl eater, m.p. 67°, HOCO*C(CH3) : CHCOOR. The structure of the 
latter bodies is demonstrated by their being prepared in a state of purity when 
y-dibromo-a-methylacetoacetic ester (p. 476) is boiled with water and barium 
carbonate. 

Mesaconyl cWoridey ClOC-CiCHa) : CHCOCl, b.p. 65°/14 mm., reacts with two 
molecules of aniline and forms aL-mesaconanilide add chloride, C10C*C(CH3) 
CHCONHCgHs (Ann. 353, 139). 

Bromomesaconic acid, m.p. 220° (Ber. 27, 1851, 2130). 

The komologues of itaconic, citraconic, mesaconic and aticonic acids have 
become known mainly by the painstaking investigations of R. Fittig and his 
co-workers (Ann. 304, 117 : 305, 1). 

The parent substances from which these acids are formed are the alkyl- 
paraconic acids (p. 612), which are prepared by condensation of aldehydes with 
succinic acid or pyrotartaric acid by means of acetic anhydride. On distillation 
they yield unsaturated monobasic acids, and anhydrides of two acids of the 
itaconic and citraconic series isomeric with the particular paraconic acid employed. 
If the alkylparaconic esters are warmed with sodium alcoholate in alcoholic 
solution they are converted into the sodium salts of the corresponding itaconic 
mono-esters, from which the acids themselves are obtained by hydrolysis (Ann. 
255, 56 ; 256, 50). Thus, terebio acid and sodium ethoxide produce teraconic 
acid ; and similarly y-dimethylparaconic acid yields y-dimethylitaconio acid : 

COaCgHs 

+ NaOCjHs = ^p>C=0— CHj + CjHsOH 

6 CO COjNa 

’ Alkylitaconic acids when heated alone are converted into the anhydrides of 
alkyloitraconic acids. Alkylcitraconic acids become changed into alkylitaconic 
acids when heated with water at 130-150°. This depends on the decomposition 
of the alkylcitraconic acids into anhydride and water below its boiling point, 
and the gradual transformation of this anhydride at a somewhat higher tempera- 
ture into the itaconic anhydride, which takes up water to form the stable acid. 

The alkylcitraconic acids are easily converted into the corresponding alkyl- 
mesaconic acids by the action of sunlight on an ether-chloroform solution of the 
acids to which a little bromine has been added. 

When the alkylitaconic acids are boiled with sodium hydroxide solution, the 
position of the double bond becomes changed, and there are produced alkyl- 
mesaconio acids and a new series of isomeric acids named by Fittig, alhylaticonic 
acids (see p. 575). The reaction is, however, not a general one, since y-methyl- 
itaconic acid is stable towards boiling sodium hydroxide solution, whilst y-di- 
methylitaconic acid readily yields the aticonic acid (Ann. 330, 292). The afikyl- 
aticonic acids when boiled with sodium hydroxide solution pass mainly into the 
alkylitaconic acids, so that ultimately a point of equilibrium is reached which 
is not changed by further boiling. 

A mixture of alkylitaconic and alkylaticonic acids (or alkylidenepyrotartaric 
acids) also result from the condensation of ketones, such as acetone and alkyl 
methyl ketone, with succinic acid ester by means of sodium methoxide iStohbe, 
Ber. 30, 94: Aim. 321, 83). 

Aromatic itaconic and aticonic acids can be prepared by the two nucleus- 
synthetic methods (Vol, II). 

The alkylitaconic and alkylmesaoonio acids are not volatile in steam like 
itaconic and mesaconic acids themselves, whilst of the alkylcitraconic acids, 
some are only obtained as anhydrides, and others are dissociated into the anhy- 
dride and water below 100°, like citraconic acid ; these anhydrides are volatile 


COAHs 
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in steam. The calcium and barium salts of the alkylmesaconic acids are readily 
soluble in water, whilst the coiTCspondiiig alkylitaconie acid salts dissolve with 
difficulty. 

The itaconic acids are couvorted into the paracoiiic acids, from which they 
were prepared, by heating with hydrochloric or hydrobi-omic acids and by suitable 
treatment with sulphuric acid. 'isoPropylitaconic acid alone behaves exception- 
ally, by yielding i.wpropyh‘fioparaconic acid, isomeric with the original isopropyl - 
paraconic acid ; 


CO,H 

®®p>CH— C— CH— 


I 

0 - 


-co 


isoPropylparaconic acid. 


^CH,- 


CH3>CH-CH=C-C0^^ |^g»>CH-CH=^0,H 


CHj-Co/ 
tsoPropylita conic anhydride. 

‘>3>CH-CH,C— C0\ 

^ II >0 

CH-CQ/ 

i^oPropylcitraconic anhydride. 


isoPropyiitacouic acid. 
gg»>C-CH3— CH-CHjCOjE 

0 CO 

isoPropylisoparaconic acid. 


Reduction with sodium amalgam converts the alkylitaconie, alkylcitraeonie, 
and alkylmesaconic acids into the corresponding succinic acids, the first acid 
reacting least readily than the third, and the second most easily of all three. 

Homologous Itaconic Acids. 

yMethylitaconic acid, CHg-CH : C(C00H)*CH2‘C00H, m.p. 165°. y-Etkyh 
itaconic acid, m.p. 162°. y-n-P ropylitmonic acid, m.p. 159°. y-isoPropyl- 
itaconic acid, m.p. 189°. y-isoButyhtaconic acid, m.p. 160°. y-n^Hexylitaconie 
arid, m.p. 129°. Teraconic acid, y-dimethylitaconic acid, (CHajaC : C(COOH)*- 
CHalCOOH), m.p. 162°, is prepared from terebic acid (p. 612, and Vol. II) ; and 
by the condensation of succinic ester and acetone by means of sodium ethoxide 
(Ber. 36 , 197 : J. pr. Chem. [2] 67 , 197). Hydrobromic or sulphuric acid 
reconverts it into terebic acid ; water at 190° decomposes it into CO2 and iw- 
caprolactone (C. 1889, I. 780) ; anhydride, b.p. 275°. y-Methybihylitaconic 
acid, m.p. 181° (decomp,). 

CL-Methylitaconic acid, CH.^ : C(COOH)‘CH(CH3)*COOH, m.p. 150°, is obtained 
from pyroeinohonic acid (below) ; anhydride, m.p. 63“, is produced by heating 
anhydroraethylaconitic acid (C. 1906, II. 21). 

CLCL-Dimethylitaccnic acid, CH2 : C(COOH)*C(CH3)2’COOH, m.p. 141°, is pre- 
pared from a-bromotrimethylsuccinic acid and diethylaniline ; anhydride, b.p. 
210-215° ; diethyl ester, b.p. 127°/20 mm. (C. 1902, I. 180 : 1904, I. 434). 

OLy-Dimethylitaconic acid, CH3CH : C(COOH)'CH(CH3)COOH, m.p. 202° 
{anhydride, b.p. 131°/26 inm.), and oL-ethyliiacomc acid, CHg : C{COOH)*CH- 
(C2H3)C00K {anhydride, m.p. 52°), result from boiling methylothylmaleic acid 
(p. 574) with sodium hydroxide solution ; the former also, fiuin ay-dimethyl- 
paraconic acid by boiling it with NaOC^Hs solution (Ber. 39, 1535). The alkyl - 
itaconic acids mostly have no sharp melting points, owing to their tendency to 
form anhydrides. 

Homologous Citraconic Acids, Alkylnuilcic Acub. 

y-Methylcitraconic acid, ethylimleic acid, C2H5'C{COOH} : CH-COOH, m.p. 
100°, can also be obtained by heating j8-ethylrnalic acid (Ber. 37, 2382 : 38, 
2737) ; anhydride, b.p. 229°, is obtained from ethylfumaric acid (p. 574) by 
lieating it with acetyl chloride. When vaporized with ammonia it forms the 
iinide, m.p. 141°, y-Ethylcitracoiiic acid, n-propylmaleic acid, m.p. 94^ ; anhy- 
dride, b.p. 224°. y-Propylcitraconic acid, m.p, 80°. yAmPrupylcitraronic acid, 
m.p, 78°. y-l&oBuiylcitraconic acid, m.p. 75°. y-Bexylcitniconir acid, m.p, 86°. 

{aH3)20H-C— COv 

y-Dimethylcitraconic anhydride, li ^C), m.p. 5°, b.p. 1 38"V61 

CH-CO/ 

mm. (0. 1899, I. 668, 780). 

The y-alkylcitraeonic acids or monoalkyinialeio acids do not melt sharply 
on account of the formation of anhydrides. The a-alkyloitraconie or dialkyl- 
inaleic acids only exist as anhydrides, which are ft>rrned when the acid i.s liberated 
from its salts by stronger acids. 
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Pyrocinchonic anhydride^ dimethylmaleic anhydride, o!.-methylcitraconic anhy- 
CHs-CCOv 

d/ride, 11 >0, m.p. 96°, b.p. 223°, is formed when cinchoiiic acid (q.v.) is 

CHa-CCO/ 
heated ; 


COgH 

CHa-CH-CH'COgH 

I i 

CO— 0— CHa 

Cinchonic acid. 


-H,0 

^ 

-CO 2 


cooco 
I I 
CHsC==C 

CH, 

Pyrocinchonic anhydride. 


It also results, together with terebic acid, when turpentine oil is oxidized with 
nitric acid; from a-dichloro- and a-dibromo -propionic acid and silver (Ber. 
18, 826, 835) ; by condensation of pyroracemic acid and sodium ^succinate by 
means of acetic anhydride (Ann. 304, 168) ; by distillation of aj8-dimethylmalic 
acid (p. 611) under reduced pressure (a method of preparation) ; by distillation 
of anhydromethylaconitic acid (C. 1906, II. 21). 

Dimethylmaleic dimethyl eater, b.p, 219% and diethyl ester, b.p. 237°, are pre- 
pared from silver pyrocinchonate and iodo-alkyls (Ber. 33, 1410). The solution 
of pyrocinchonic anhydride reacts strongly acid and decomposes, alkali salts 
forming p 3 rrocmchonates, the constitution of which has already been dis- 
cussed. Ferric chloride produces a dark-red coloration in pyrocinchonic 
anhydride solutions. Beduction produces two dimethylsuccinic acids (p. 549). 
It unites with chlorine to form dichlorodimethylsuccmic anhydride (Ber. 26, 
B. 190). When boiled with 20 per cent, sodium hydroxide solution, pyrocin- 
chonic acid is converted into dtmethylfumaric acid and j8-methylitaconic acid 
(Ann. 304, 156). Pyrocinchonic ester, "when heated with alcoholic ammonia, 
yields aminodimethylsuccinimide (p. 611) and pyrocinchonimide, m.p. 119° 
(Ber. 33, 1408), which on hydrolysis yields, in part, jS-methylitaconic acid. 

Methylethylmaleic anhydride, b.p. 236% is formed by condensation of pyro- 
tartaric acid and pyroracemic acid, by means of acetic anhydride (Ann. 267, 214) ; 
by distillation of ay-dimethylparaconic acid whereby a-methyl-jSy-pentinic acid 
is also formed (Ber. 39, 1635) ; by the slow distillation of methylethylmalio acid ; 
imide, m.p. 67° ; dimethyl ester, b.p. 235°. The imide and anhydride can also be 
obtained from the destruction of hsematin or haematinic acid (see haemoglobin) 
(Ann. 345, 1). 

Methylpropylmaleic anhydride, b.p. 242° {imide, m.p. 57°) and ^ncthyliso- 
propylmaleic anhydride, b.p. 241° [imide, m.p. 45°) are obtained from methyl- 
propyl and methylisopropylmalic acid (Ann. 346, 1). 

Xeronic anhydride, diethylmaleic anhydride, b.p. 242°, is prepared by heating 
citraconic anhydride (Ann. 346, 1), 

Homologous Mesaconic Acids, Alkylfumaric Acids, — For the formation of 
alkylmesaconic acids from the corresponding alkylitaconic and alkylcitraconic 
acids, see p. 572. 

The products of reaction of alcoholic potassium hydroxide and the y-dibroino- 
derivatives of monoalkylacetoacetic esters belong to the alkylfumaric acid series 
(C. 1899, I. 780) ; hydroxytetrinic acid being mesaconic acid, and hydroxy- 
pentihic acid being ethylfumaric acid, etc. (p. 476). 

The reaction is most simply explained by the assumption that keto- or 
hydroxyaldehydic acids are first formed, which are then converted into unsaturated 
carboxylic acids (Ber. 32, 1005) ; 


XaCH-COCHR'-COaB > OCH-CO-CHB'-COaB 

.4 — . — 

0*CH*C(0H)=CB'-C02B > COgH-CH : CR'-COaR. 

Monoalkylfumaric acids are also obtained from monoalkylethanetricarboxylic 
acids by the introduction of halogen and subsequent splitting of! of halogen acid 
and COa (Ber. 24, 2008). 'a & 5 ^ 

Mhylfumaric acid, y-methylmesaconic acid, m.p. 194°. n,-Propylfuniaric acid, 
Y~ethylmesaconic acid, m.p. 174°. isoPropylfumaric acid, y-dimethylmesaconic 
add, m.p. 184°. n.-Butylfumaric acid, y^propylmesaconic acid, m.p. 170°. y-iso- 
Propylmesaconic acid, m.p. 186°. y-iBoBuiylmesaconic acid, m.p. 205°. y-Hexyl* 
mtaacoHic acid, m.p. 153°. ^ 
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T^witthylfuTfWLTic dcidf ct^TyiethylmBsaconic dcidf ni.p. 239° ; diethyl esteVy b.p. 
235°, is formed when diazopropionic ester is heated (p. 455) (Ber. 37, 1272). 

Aticonic Acids. — For the formation of these acids from the alkylitaconic 
acids by synthetic methods, see p. 572. Dimethylaticonic acidf y-methyl-^^- 
butene-ajS-dicarboxylic acid, CHg : C(CH 3 )-CH(COOH)-CH 2 COOH, m.p. 146% 
results when teraconic acid is boiled with sodium hydroxide solution. isoButyl- 
aticonic acid, c-methyl-d^-hexene-ajS-dicarboxylic acid, {CH 3 ) 2 CH‘CH : CH-OH- 
(C00H)-CH3(C00H), m.p. 93°. Bexylaticonic acid, CH 3 (-CH 2 ) 4 -CH : CH-CH- 
(COOH^-CHgiCOOH), m.p. 78° (Ann. 304, 117 : 305, 1). Methylethylaticonic 
acid, Y-ethyhdene-y-methylpyrotariaric acid, CHj-CH : C(CH 3 )-CH(COOH)*CH 2 - 
COOH, m.p. 142°, is the chief product of reaction between methyl ethyl ketone 
and sodium ethoxide on succinic ester. Oxidation converts it into acetic acid 
and Isevulinic acid (Ann. 321, 106). 

In indifferent solvents, the alkylaticonic acids readily take up bromine. The 
dibromides, on losing HBr, change into the bromolactonic acids, which are con- 
verted by hydrogen into fscparaconic acids, and by boiling water, or when 
standing in alcoholic solution, into the neutral dilactones : 


HOCO 

I 

CHg : C(CH3)-CH ■ 


HOCOCHg 
Dimethylaticonic acid. 


HOCO 

1 

CH2Br*CBr(CH3)'CH 

1 

HOCOCHg 


-CO 


CHg-C(CH3)-CH 

1 1 
O— CO-CHg 
?.soHeptodilactone. 


The formation of dilactones requires that each of the two doubly bound carbon 
atoms shall stand in the y-position to one of the two carbonyl groups (Ann. 304, 
135). This shows the alkylaticonic acids to be y8 -unsaturated acids. It follows, 
therefore, that an aticonic acid isomeric with itaconie acid itself is theoretically 
not possible, since this acid lacks the 8 carbon atom. The aticonic acids can 
be looked on as being vinylsuccinic acids, or can be derived from pyrotartaric 
acid, considerations which are indicated in the names given to the dimethyl- 
aticonic acids. 

The dilactones, obtained from the aticonic acids through the bromolactonic 
acids, are converted by prolonged boiling in water into isomeric unsaturated 
lactonio acids, known as isaconic acids. Sodium amalgam converts them into 
woparaconic acids, in the same way that the better-known aconic acids give 
paraconic acids. 

Glutaconic acid, COgH-CH : CH CHg^COgH, m.p. 132°, is prepared from 
dicarboxyglutaconic ester by hydrolysis with hydrochloric acid (Ann. 222, 249) ; 
from coumalic ester and barium hydroxide (Ann. 264, 301 ) ; from jS-hydroxy- 
glutaric acid (p. 614), and sodium hydroxide solution (Ber. 33, 1452). It is 
isomeric with itaconie, citraconic, mesaconic and ethylidene malonic acids. 

Constitution of Glutaconic Acid and the Alhylglutaconic Acids. — Constitution- 
ally, glutaconic acid (II) occupies an intermediate position between fumarie (I) 
and muconic acid (III) ; 

CH*COOH CH COOH CH : CH COOH 

(I) II (H) 11 (HI) I 

CH-COOH CH CHg COOH CH : CH COOH 

In consequence of the double linkage two stereoisomeric glutaconic acids 
would be expected. However, the fortuitous arrangement of the carboxyl 
groups, permitting of the formation of the favoured conjugated system, permits 
of an oscillation of the double bond as follows ; 


COOH-CH : CH-CHg-COOH COOH-CHg-CH ; CH-COOH. 

This lability explains why only one form of glutaconic acid, presumably 
that favoured by energy considerations, is known {Feist, Ann. 428, 29). 

Stabilization of the glutaconic acid molecule occurs in the alkylglutaconic 
acids, in which the influence of one carboxyl group is strengthened by the pres- 
ence of the alkyl group. In the a-alkylglutaconie acids {y.u.) the double bond 
is flxed in the ajS-position, and geometrical isomers appear ; they are also known 
in the majority of ^-alkylglutaconic acids. It should be noted that reactions 
which should yield respectively an a- and y-alkylglutaconic acid actually yield 
the same substance : y-alkylglutaconic acids do not exist (see p. 576). 
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The zinc mU is deposited from its boiling solution ; ethyl este?', b.p. 237®, is 
most readily obtained by distillation of j 5 -acetoxyglutario ester (p. 614). Under 
certain conditions it polymerizes to a dimolecular substance which, on hydrolysis, 
yields diglutaconic add [C3H4(C02H)2]2» in.p. 207®. This acid is also formed by 
hydrolysing the dimolecular isaconitic ester (y.v.), whilst the dimolecular 
glutaconicdicarboxylic ester {q.v,) yields a diglutaconic acid, m.p. 234® (Ber. 34, 
676). When warmed with sodium ethoxide two molecules of glutaconic ester 
unite with the loss of alcohol, and there is formed dicarhoxycyclohexmoneacetic 
ester (Ber, 37, 2113, c/. C. 1903, I. 960). 

Glutaconic anhydride, m.p. 82®, is formed when glutaconic and jS-hydroxy- 
glutaric acids are heated (Kekul4) ; and from glutaconic acid and acetyl chloride 

(m.p. 87®, Ber. 27, 882); the imfde, aa-dioajypyn’dine, or 

m.p. 183®, is formed (1) from glutaconaminic acid ; (2) 

from glutaconamide, and (3) from ^-hydroxyglutaric amide, when these are 
heated with H^SO^ to 1 30-140® . Na and CH 3 I react with it to produce glutaconic 
methylimide ; with nitrous acid it gives rise to a nitroso -compound ; when 
distilled over zinc dust pyridine is formed : . PCI 5 produces pentachloropyridine, 
CsClsN (see Constitution of Pyridine, Vol. II). 

^•Ckloroglutaconic acid-, m.p. 129®, is prepared from acetonedicarboxylic acid 
and PCI5 (p. 623 ; c/. glutinic acid, p. 578). Tetrachloroglutaconic acid, m.p, 
109-110® (Ber. 26, 2697). ^ 

Homologous Glutaconic Acids.— ( 1 ) The alkylated glutaconic acids, 
similarly to glutaconic acid itself, are best obtained by heating the acetyl com- 
pounds of the alkylated jS-hydroxyglutaric acids (c/. C. 1903, II. 1313). 

( 2 ) The CHg-group of the glutaconic ester is replaceable by alkyl groups by 
means of sodium or sodium alcoholate and iodoalkyls. A CHa-group linked to 
•CH : CH* and »COOC 2 H 5 possesses the same reactivity as the methylene group 
in a 1 ; 3-diketo compound : 


^jj^^CH^CHCOaR 




vCO,R - “‘I 

Glutaconic ester. Malonic ester. 

T^e reaction with C^HsONa and CHsI not only converts glutaconic ester into 
aa-dimethylglutaconic ester, but also produces ay-dimethylglutaconic eater on 
account of the e|:istenee of the two desmotropie forms I and II (see below) ; 
further methylation results in the production of aocy-trimethylglutaconic ester 
(C. 1903, I. 1405) ; /.re 

I. EOsC-CH(CH 3 )— CH=CHCOjR arid n. ROjC-C(CHj)=CH— CHjCOjR 
ROjC-C(CH 3)3— CH ^CHCOjR ROjCCICHa) =CH— CH{CH,)C03R 

R03C-C(CH,) =^H— C(CH3)2C08R. 

(3) The identity of the two desmotropie modifications H 02 C-CR=CH— CH,- 
COgH and HOgC'CHR — CH^CHCOgH is also demonstrated by the identity of 
the oc^- and ^y-dialkylglutaconic acids, obtained by the following syntheses: 

afirtUlTn OXrOTlOQrtA+irt aa+AA 3 j; n . t % 


•3 /ov mil* ' t ' - ^ changed into ajS-dimethylglutaeonic 

acid (3), Ihis substance is identical with the decomposition product of the con- 
densation of cyanoacetic ester and a-methyl acetoacetic ester ( 4 ), which should 
be similarly j 8 y-dimethylglutaconic acid (5) (C. 1906, I. 183) : 


CHs 

I 


CH 3 
1 


CHs 


(1) ROgC-CH^C— CNa(CN)C02R > (2) ROgC-CH^C C(CN)COgR 


CH3 CHs 

(3) HOjC-CH==C CHCO,H 


CH3 CH, • 

(5) HO,C C==C— CHjCOjH 


CH, CH, OT, CH, CH, CN 

RO,C-CH— CO -f. CHNaCOjR >■ (4) RO,C-C==C 


I 

— CNaCOgR 
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Tho alkylglutaconic acids shows cis-trans isomerism. 

A general method for the preparation of j8-alkyIglutaconic esters depends 
on the addition of ethyl sodiomalonate or sodiocyanoacetate to compounds of 
the type of tetrolic ester (J. pr. Chem. [2] 49, 20). 

P-Methylglulaconic acid, homomesaconic acid-, HOgC-CH : C(CH3)*OH2COaH, 
<7i5-forin, 14/°, tTans^ioum, 116°, is prepared from cyano-jS-methylglutaconie 
ester (see below) ; from carboxy-j8-methylglutaconie ester, (C02ll)2CH-C(CH3) 
CHCOglt ; and from i^odehydracetie acid (lactone of aci>acetyl-fi-glutaconic mono- 
ester, CH3C(0H) : (COgR) *0(0113) • OHOO^H). It can be split into the ds- and 
trans-forms. The c45-aeid can be transformed into the trans-BJcid. by boiling with 
strong alkali. The m-acid forms as anhydride, m.p. 86° ; imide., m.p. 194° 
(Ann. 345 , 60). » » F 

a/3- or Py-Dimetkylglutaconic acid (see above), m.p. 148°, is formed by the 
method (3), above ; also from jS-methylglutaconic ester by the action of sodium and 
iodomethane (Ann. 345 , 117) ; anhydride, b.p. 162°/25 mm. ; imide, m.p. 189°. 

(XOL-Dimethylglutaconic acid, : CHCO2H, cis-form, m.p. 134° ; 

trans-form, m.p. 172°, is prepared from a-dimethylglutolactonie acid (Ber. 33, 
1920) ; from /S-hydroxy-a-dimethylglutaric acid ; from glutaconic ester, sodium 
and iodomethane ; some cuy-dimetkylglutaconic acid, m.p. 147°, is also formed 
(above) (C. 1903, II. 1315). 

OLCCy-Trimethylglutaconic acid, cis-form, m.p. 125°, trans-form, m.p. 150°, is 
formed from j3-hydroxytrimethylglutaric acid and by methylating ay-dimethyl- 
glutaric acid. The cis-acid gives rise to an anhydride, m.p. 88°. 

oiccP-Trimethylglutaconic acid, cis-form, m.p. 133°, trans-iorm, m.p. 148° (C. 
1903, II. 1315). oL^y-Trimethylglutaconic acid, m.p. 127° j anhydride, m.p. 119° ; 
imide, m.p. 180° (C. 1906, I. 185). 

Hydromuconic Acids. 

a/3-acid : C02H*CH2CH2CH=CHC0gH, m.p. 169°, stable form. 
jSy-acid : C02H*CH2CH=CH*CH2C02H, m.p. 195°, labile form. 

The labile acid is formed by the reduction of dichloromuconie acid opmueonic 
fscid (below), and of diacetylenecarboxyHc acid (p. 578). It dissolves with 
mfficulty in cold water, and is oxidized to malonic acid by potassium perman- 
ganate. When boiled with sodium hydroxide solution it is transformed into 
the stable acid, which is oxidized to succinic acid by permanganate. Sodium 
amalgam converts the labOe acid into the stable form and reduces this to adipic 
acid (p. 561). Dichlorides and dimethylene ester (C. 1901, II. 1119). 

a-Methyleneglutaric acid, CHg : C(C00H)CH2*CH2C02*H, m.p. 129--130°, and 
a-ethylidene-p-methylglutaric acid, CHj-CH ; C(CO2H)CH(CH3)CH2C02H, m.p. 
129°. The esters of these acids are obtained by the polymerization of aery he 
and crotonic acids respectively (pp. 342, 344) by means of sodium alcoholate 
(Ber. 33 , 3766 : 34 , 427). a-Methyleneglutaric acid is also formed by the dis- 
tillation of a-methyl-a-hydroxy valeric acid (Ber. 36, 1202). Suitable methods of 
reduction convert these acids into a-methylglutaric acid and a-ethyl-j8-methyl- 
glutaric acid respectively. 

<x-Ethylideneglutaric acid, CH^CH ; C(C00H)CH2CH2C02H, m.p. 152°, see 
8-caprolactone carboxylic acid (p. 615), Sodium hydroxide solution converts 
it into QL-vinylglutaric acid,, CHg : CH*CH(C02H)CH2CHaC02H, m.p. 97° (Ber. 
31 , 2000). 

iBoAmylideneghitaric acid, : C(C02H)CH2CH2C02H, m.p. 

75°, is formed together with du^ovalerylideneglutarie acid (see below). 

AUylsuccinic acid, CHg : CH*CH2CH(C02H)CH.2C02H, m.p. 94°, is prepared 
from allyl ethane tricarboxylic ester (Ber. 16 , 333), Allylmethyl- and allyUthyl- 
s^iccmic acid, see Ber. 25, 488. 

C. BIOLEFINE DICARBOXYLIC ACIDS 

Diallylmalonic acid, (CH2=CHCH2)2C(C02H)2, m.p. 133°, with hydrobromic 
CHg-CHg-CHaCCHgCHg-CHa 

acid yields a dilactone, | /\ | It breaks down into 

o CO CO o 

CO2 and diallylacetic acid when heated (p. 354). 

Muconic acid, 0O.>H*CH==CH--CH==CH*CO2H, m.p. 292° (decomp.) 
{Configuration, see Ber. 49 , 999, and Ann. 418 , 294), is formed when alcoholic 
VOL. I. 
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potassium hydroxide acts on the dibromide of ]8y-hydromuconic acid ; also, 
synthetically, from glyoxal and two molecules of malonic acid by means of 
pyridine. Oxidation produces chiefly tartaric acid, with a little mucic acid (Ann. 
418, 294) ; dimethyl ester, m.p. 158° (Ber. 35, 1147). Dichloromuconic acid, 
0^11401204, results when PCI5 acts on mucic acid (Ber. 24, B. 629). It yields 
j3y-hydromuconic acid with sodium amalgam (Ber. 23, R. 232). Dichloromuconic 
acid dichloride, and dimethyl ester (C. 1901, 11. 1119). 

CH2 : C-COOH 

Dimethylenesuccinic acid, I , may be considered as being the 

CH2 : C-COOH 

parent substance of a large number of strongly coloured well-crystallizing acids 
of the aromatic series (Vol. II). It easily passes into a more deeply coloured 
anhydride, and exhibits a reversible difference of state in violet and ultra-violet 
light (p. 82). Therefore Stobbe named the hypothetical acid Julgenic acid 
(fulgere = to shine) and the anhydride /^<^g^cZe. The lesser-known aliphatic fulgenic 
acids and fulgides are colourless (Ann. 359, 1, etc.). 

DiiBopropylidenesuccinic acid, 0L0LhB4etramethylfulgenic acid, (CH3)aC : C- 
(COOH)-C(COOH) : C(CH3)2, m.p. 230° (decomp.), and iBopropylideneisobutyli- 
denesuccinic acid, 0LCx.B-dimethylisopropylfulge7iic acid, (CH3)2C : C(COOH)C- 
(COOH) : CHCH(CH3)2, m.p. 226° (deeomp.), result from the reaction of teraconic 
ester and acetone or isobutylaldehyde respectively, with sodium ethoxide. The 
anhydrides, m.pp. 59° and 72°, are formed by means of acetyl chloride (Ber. 38, 
3673, 3683). 

Diisovaleralglutaric acid, CH2[C(C02H) : CHCH2CH(CH3)2]2, m.p. 220°, and 
is obtained from glutaric acid and mvaleraldehyde with acetic anhydride and 
sodium ethoxide or sodium (Ann. 282, 357). 

D. ACETYLENE AND POLYACETYLENE DICARBOXYLIC ACIDS 

Acetyleyiedicarboxylic acid, C02H-C sC-C02H -j- 2H2O, m.p. 175° (deeomp.), 
is obtained when aqueous or alcoholic potassium hydroxide acts on dibromo- 
and isodibromo -succinic acid (Ann. 272, 127). It effloresces on exposure. The 
anhydrous acid crystallizes from ether in thick plates. The acid imites with 
the halogen acids to form halogen fumaric acids, whilst with bromine and iodine 
it yields dihalogen fumaric acids (p. 570). Its esters unite with bromine and 
form dibromomaleio esters and dibromofumaric esters (Ber. 25, R. 855). With 
water they yield oxaloacetic ester (Ber. 22, 2929). They combine with phenyl- 
hydrazine and hydrazine, forming the same pyrazolone derivatives as oxalacetic 
ester (Ber. 26, 1719) ; and with diazobenzene imide they form phenyltriazole 
dicarboxylic ester (Ber. 26, R. 585). Oxaloacetic ester and acetylene dioarboxylic 
ester are condensed by alcoholic potassium hydroxide to aconitic ester (Ber, 24, 
127). (See also Acetoxymaleic anhydride, p. 620.) The primary potassium 
salt, C4O4HK, is not very soluble in water, and when heated decomposes into COg 
and potassium propiolate (p. 351) ; silver salt breaks down readily into COj and 
silver acetylide (Ann. 272, 139) ; diethyl ester, b.p. 145-1 48°/15 mm., is obtained 
from dibromosuccinic ester with sodium ethoxide (Ber. 26, R. 706). (See also 
Thiophentetraearboxylic esters (Vol. III). 

Glutinic acid, C02H-C sC-CH^-COgH, m.p. 145° with evolution of carbon 
dioxide, is obtained by the action of alcoholic potassium hydroxide (Ber. 20, 147) 
upon chloroglutaconic acid (p. 576), 

Diacetylenedicarbocoylic acid, COaH-CsC — CsC-CO^H -f H^O, is made by 
the action of potassium ferricyanide on the copper compound of propiolic acid 
(Ber. 18, 678, 2269). It assumes a dark-rod colour on exposure to light, and at 
177° e:^lodes. Sodium amalgam reduces it to hydromuconic acid, and at the 
same time produces some adipic and propionic acid. Ethyl ester, b.p. 184°/200 
mm. Zinc and hydrochloric acid decompose it and yield propargylic ester (p. 35 1 ). 

(Petraaceiyhnedicarboxylic acid, C02H-CsC-CsC*CsC-C^C*C02H. Carbon 
dioxide escapes on digesting the acid sodium salt of diaoetylenedicarboxylic acid 
with water, and there is formed the sodium salt of diacety lenemonocarboxylic acid, 
CH «C*C »C02Na, which cannot be obtained in a free condition. When potassium 
ferricyanide acts on the copper compound of this acid, tetraacetylenedicarboxylic 
acid is formed. This crystallizes from ether in beautiful needles, rapidly dark- 
ening on exposure to light and exploding violently when heated. Consult Ber. 
18, 2277, for an experiment made to e:!q)Iain the explosibility of this derivative. 



V. TRIHYDRIC ALCOHOLS : GLYCEROLS 
AND THEIR OXIDATION PRODUCTS 

The trihydric alcohols, or glycerols, and their oxidation products 
are connected with the dihydric alcohols (glycols) and their oxidation 
products. 

The glycerols, so-called after their most important member, are 
obtained from the hydrocarbons by the substitution of three hydroxyl 
groups for three hydrogen atoms, linked to different carbon atoms. 
As the number of hydroxyl groups increases, the number of theoreti- 
cally possible classes of glycerols, in contrast to the glycols, also becomes 
greater. The number of possible classes of oxidation products also 
grows accordingly, and in the case of the trihydric alcohols this num- 
ber is 19. Many of the theoretically possible oxidation products of 
the trihydric alcohols are only obtained with difficulty, and repre- 
sentatives of some classes are practically unknown. 

1. TRIHYDRIC ALCOHOLS 

Glycerol stands at the head of this class, although it ‘is not a tri- 
primary alcohol, but a diprimary-secondary alcohol. The simplest 
imaginable triprimary alcohol would have the formula CH(CH 30 H) 3 , 
and could be referred to trimethylmethane, CH(CH 3 ) 3 , whereas 
glycerol is derived from propane, and considering the structure of 
the carbon nucleus, it is the simplest trihydric alcohol. 

Three hydrogen atoms in glycerol can be replaced by alcohol or 
acid radicals, producing ethers and esters : 

C3H5(0H)2(0C0CH3) C3H5(0H)(0C0CH3)3 C3Hs(OCOeH3)3 

Monojicetin. Diacetin. Triacetin. 

The halogen esters are the halohydrins : 

03 H 5 ( 0 H) 3 C 1 CaHsCOHPa C3H3CI3 

Monochlorohydrin. Dlchlorohydriii. Trichlorohydrin. 

A well-known property of glycerol is its ability to raise the con- 
ductivity of aqueous boric acid solutions. This property, which is 
not exhibited by glycol, is well developed in glycerol, and is even more 
pronounced in the higher polyhydric alcohols, e.g, mannitol. Investi- 
gation has shown that only spatially adjacent hydroxyl groups bring 
about this increase in conductivity. Boeseken has shown that this 
effect is probably due to the formation of cyclic boric ester-acids, 
and in his hands has been of value in the elucidation of the con- 
figuration of polyglycols (Z. anorg. Chem. 142, 83) : see also a- and 
j^-glucose, p. 693. 

Formation . — ^The trihydric alcohols are obtained (1) by heating the 
bromides of the unsaturated alcohols with water ; or — 

(2) By oxidizing the unsaturated alcohols with potassium per- 
manganate (Ber, 28, R. 927). 
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(3) Aldehydes having the constitution RCH 2 CHO condense with 
formaldehyde in the presence of lime to form triprimary glycerols : 

RCHgCHO + 3CH3O + HgO = RClCHgOHlaCHgOH + HCOOH. 

(4) Dialkyl ethers of glycerol are prepared by the magnesium 
organic synthesis from carboxylic esters or alkoxyketones and chloro- 
or iodo-substituted ethers. 

Glycerol [propanetriol], CHaOH-CHOH'CHaOH, is produced (1) 
in small quantities in the alcoholic fermentation of sugar ; hence is 
contained in wine (p. 141). By the addition of sodium sulphite to 
the fermentation, it is possible to increase markedly the formation 
of glycerol (Connsiein and Liidecke, Ber. 52, 1385 : see p. 141). (2) 
It is prepared by hydrolysis of oils and fats, which are glycerol esters 
of the fatty acids, (3) From synthetic aUyl trichloride by heating it 
with water. (4) From aliyl alcohol when it is oxidized with potassium 
permanganate. (5) By the reduction of dihydroxyacetone. 

Historical. — Scheele discovered glycerol in 1779, when he saponified olive oil 
with litharge, in making lead plaster. Chevreulf who recognized ester-like 
derivatives of glycerol in the fats and fatty oils, introduced the name glycerol, 
and in 1813 pointed to similarities between it and alcohol. The composition of 
glycerol was established in 1836, by Pelouze. Berthelot and Lucca (1853), and 
later Wurtz (1855), explained its constitution, and proved that it was the simplest 
trihydric alcohol, the synthesis of which Friedel and Silm (1872) effected from 
acetic acid : 
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(1) Acetone is obtained from calcium acetate. (2) Acetone by reduction 
passes into mpropyl alcohol. (3) Propylene results when anhydrous zinc 
chloride withdraws water from -isopropyl alcohol. (4) Chlorine and propylene 
yield propylene chloride. (5) Propylene chloride and iodine chloride react to 
form propenyl trichloride or aliyl trichloride, the trichlorohydrin of glycerol. 
(6) Glycerol is produced when trichlorohydrin is heated with much water to 160° 
(Ber. 6, 969). Metallic iron and bromine convert propylene bromide into tri- 
bromohydrin, which silver acetate changes to triacetin. Bases saponify the 
latter and glycerol results (Ber. 24, 4246), 

A second method of synthesizing glycerol is that of 0. Piloty (1897), which 
starts from L. Henry's nitro-iert.-butyl glycerol, the condensation product of 
formaldehyde aind nitromethane. (1) Nitro-feri. -butyl glycerol is reduced to 
hydroxylamino-icrt.-butyl glycerol, which is then (2) oxidized by HgO to di- 
hydroxyacetono oxime : (3) bromine water converts this substance into dihy- 
droxyacetone : which, finally, is reduced to glycerol by sodium amalgam (Ber- 
30,3161): 

CHgOH 
I Br,aq. 

(3) C=NOH > 

I 

CHgOH 

CH3OH CHgOH 

I Reduction | 

CO ► (4) CHOH 

{ I 

CHjOH CE3OH 

Prejparaiim. — Glycerol is produced in large quantities during the 
saponification of fats and oils in soap and candle manufacture. When 


yCH20H Reduction 

(1) NO.-C^OH^OH- 


\CH2OH 


yCHgOH HgO 
■>(2) NH(0H)-C<-CH20H- 


Ji— 

\CH.OH 



TRIHYDRIC ALCOHOLS 


581 


the process is carried out with superheated steam, an aqueous solution 
of glycerol and free insoluble fatty acids are formed. Pure glycerol 
is produced from its solution by ^stillation under reduced pressure. 
The hydrolysis of fats can also be brought about by heating with 
sulphuric acid, with alkalis (Ca(OH) 2 ) or by the employment of 
enzymes (Lipases), 

PropeHies , — ^Anhydrous glycerol is a thick, colourless syrup, which 
slowly solidifies at 0°, forming transparent crystals, m.p. IT, b.p. 
290°, b.p. 170V12 mm., Bjs = 1-265. With superheated steam it 
distils entirely unaltered. It has a pure, sweet taste, hence the name 
glycerol, and it is very hygroscopic, mixing in every proportion with 
water and alcohol. It is fairly soluble (1 : 3) in acetone (Ann.* 335, 
319), but insoluble in ether. It dissolves the alkalis, alkali earths 
and many metallic oxides, forming with them, in all probability, 
metallic compounds similar to the alcoholates (p. 144). Its property 
of increasing the conductivity of aqueous boric acid solutions is of 
importance and has already been referred to (p. 579). 

Copper sodium glycerate, (C 3 H 503 CuNa )2 + SHgO, is obtained from 
glycerol, copper oxide and sodium hydroxide solution (Ber. 31, 1453). 

Reactions, — (1) When glycerol is distilled with dehydrating sub- 
stances, like sulphuric acid and phosphorus pentoxide, boric acid, or 
preferably potassium hydrogen sulphate, it decomposes into water 
and acrolein (p. 253). 

(2) When heated to 430-450°, glycerol decomposes partly into 
acrolein and partly into acetol : 

-2H,0 -HaO 

CHg : CHCHO CH3(OH)-CH(OH)-CH2{OH) > CHg-CO-CHaOH 

(c/. transformation of glycols into aldehydes and ketones, p. 361} ; 
the acetol partially decomposes into acetaldehyde and formaldehyde 
which, like acrolein itself, unite with glycerol to form acetal-like 
substances (Ann. 335, 209). 

(3) When sodium glycerol or glycerol and sodium hydroxide are 
heated together, hydrogen is evolved and mainly lactic acid is formed, 
together with lower fatty acids, methyl alcohol and propylene glycol 
(Ann. 335, 279). 

(4) Platinum black and air, mercuric oxide and alkali or dilute 
nitric acid convert glycerol into glyceric and tartronic acids ; sodium 
and bismuth nitrate oxidize it to mesoxalic acid (Ber. 27, R. 666). 
Energetic oxidation produces oxalic, glycoUic and glyoxylic acids (p, 
455) ; silver oxide gives rise to formic and glycoliic acids (Ann. 335, 
316). 

(5) Moderated oxidation (with nitric acid or bromine) produces 
glycerose, which consists chiefly of some glyceraldehyde and niuch 
dihydroxyacetone, CO(CH 2 *OH) 2 . The latter unites with HCN and 
forms trihydroxybutyronitrile. 
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(6) Phosphorus iodide or hydriodic acid converts it into allyl 
iodide, isopropyl iodide, and propylene (p. 161). 

(7) In the presence of yeast at 20-30° it ferments, forming pro- 
pionic acid. By fermentation, induced by the Butyl bacillus (Ber. 
30, 451 ; 41, 1412), normal butyl alcohol (p. 146), trimethylene glycol 
and formic and lactic acids result (p. 417). 

(8) When glycerol is distUled with ammonium chloride, ammonium 
phosphates and other ammonium salts, jS-picoline (Vol. Ill), as well 
as 2 ; 5-dimethyl pyrazine (Vol. Ill), results. 

(9) Reaction of glycerol with oxalic acid, see p. 282. 

Uses , — Glycerol is applied as such in medicine. It is also used in 
gas meters. Duplicating plates and hectographs consist of mixtures 
of gelatin and glycerol. 

The bulk of glycerol is consumed in the manufacture of nitro- 
glycerine (p. 583). 

Homologous Trihydric Alcohols 

Glycerol homologues of the general formula R*CH(OH)‘CH(OH)*- 
CHgOH can be prepared from acrolein, CHg : CH*CHO, by the action 
of Grignard reagents, the unsaturated alcohols so formed, CHg : CH-- 
CH(OH)*R, being converted into the trihydric alcohols through their 
dibromides (Compt. rend. 175, 967). 

Homologues of the formula R-C(CH20H)3 are obtained by the 
condensation of aldehydes, R’CHg'CHO and formaldehyde in the 
presence of lime : 

R-CHj-CHO 4- 3H-CHO 4- H^O R-CCCHaOHja-CHgOH -f H'COOH 

'(xpy^Btttaneinol, CH 3 -CH(OH)*CH(OH)-CHaOH, b.p. 172-176727 mm., is pre- 
pared from crotonyl alcohol dibromide (p. 151).1 

ocpy-Pentaneiriol, CaH 5 *CH(OH)-CH(OH)-CH 2 *OH, b.p. 192®/63 mm. ; jSyS- 
peTUamtriol, CH 3 -CH(OH)*CH(OH)-CH(OH)*CH 3 , b.p. 180®/27 mm. ; p~ethyh 
glycerol, CHs-CH2C(0H)(CH20H)2, b.p. 186-189°/68 mm. These and other 
glycerols result upon oxidizing unsaturated alcohols with potassium perman- 
ganate (Ber. 27, R. 165 ; 28, R. 927). 

ccoiyy-Tetramethylglycerol, {^S’dimethylpentane-pyS-triol} m.p. 99° (Compt. 
rend. 176, 1400). Further homologues, see Compt. rend. 180, 1408, 

Peniaglycerol, CH3C(CH20H)a, m.p. 199°, is obtained by the action of lime 
on propyl aldehyde and formaldehyde (Ann. 276, 76). Dimethylpentaglycerol, 
(CHs)aCHC(CHaOH) 3 , m.p. 83°, is prepared from isovaleraldehyde and form- 
aldehyde by the action of lime (Ber. 36, 1341). These substances are triprimary 
glycerols. 

(th€-Hexamtriol, CH 3 -CH( 0 H)-CH( 0 H)*CH 2 -CH 2 -CH 20 H, b.p. 181°/10 mm., 
and some other isomers and higher homologues have been obtained from the 
addition products of bromine and hypochlorous acid with the corresponding 
unsaturated alcohols. 

For unsaturated trihydric alcohols of the type CHaOH‘CHOH*C : C'CHaOH, 
from chloroacetaldehyde and the magnesium compound of propargyl alcohol, 
see Compt. rend. 176, 1068. 

A. Glycerol Esters of Inorganic Acids 

(a) Halogen Esters 

These are called halohydrins'(p. 369). There are two possible isomeric mono- 
and di-halohydrins. They are distinguished as a-halohydxins and jS-halohydrins : 

CHaCl CHaOH CHaCl CHgOH 

III! 

CHOH CHCl CHOH CHCl 

CHaOH CHaOH CHgCl CHaCl 

a-Cfaloiohydiln. ^-Chlorohydria. a-Dichlorohydrin. i^-Bichlorotydiin. 
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The monohalohydrins may also be regarded as halogen substitution products 
of propylene and trimethylene glycol, whilst the dihalohydrins are the dihalogen 
substitution products of propyl and isopropyl alcohol (p. 14=5). 

a* Monohalohydrins are formed when the halogen acids act on glycerol, and 
by the interaction of water and epihalohydrins. o^-Ghlorohydririy CHaOH-CHOH- 
CH 2 CI, b.p. 139°/18 mm. c/.~Bromohydrin, b.p. ISOVIO mm. oL-Iodohydrint 
b.p. 62®/24 mm. (Ann. 335, 237). 

^-Chlorohydririf CHaOH'CHCbCHaOH, b.p. 146®/18 mm., is obtained from 
allyl alcohol and ClOH (C. 1897, I. 741). 

a -Dihalohydrins are produced when the halogen acids (Ann. 208, 349) act 
on glycerol, and on the epihalohydrins (p. 587) (Ber. 10, 557). Potassium iodide 
changes the chlorine derivative into the iodine compoimd. 

OL-DichlorohydrinyCB^ClCB.OBi-C'BzClyh.p. 174°, = 1-367, is a liquid, with 

ethereal odour. It is not very soluble in water, but dissolves readily in alcohol 
and ether. When heated with hydriodic acid it becomes converted into isopropyl 
iodide j sodium amalgam produces isopropyl alcohol. When sodium acts on 
an ethereal solution of a-dichlorohydrin, we do not get trimethylene alcohol, 
but allyl alcohol as a result of molecular transposition (Ber. 21, 1289). Chromic 
acid oxidizes it to- jS-dichloroacetone (p. 265) and chloroacetic acid. Potassium 
hydroxide converts it into epichlorohydrin (p. 587). 

a-Dibroynohydrinf CHaBr-CHOH-CHaBr, b.p. 219° ; = 2-11. 

cc-Di-iodohydrin, D =:= 2-4, solidifies at — 15°, is a thick oil. It readily loses 
HI and yields a polymeric ^-iodopropionaldehyde (C. 1900, II. 169). 

^-Ethylglycerol-oi-dichlorohydriny C2H6C(0H)(CH2C1)2, b.p. 77°/15 ram., is 
formed from syTU.-dichloroacetone and ethyl magnesium bromide (C. 1906, I. 
1471). 

The j8-Dihalohydrins result from the addition of halogens to allyl alcohol, 

^‘Dichhrohydrinyh^p, 183°, Dg = 1-379, is converted by sodium into allyl alco- 
hol. Hydriodic acid changes it to isopropyl iodide ; fuming nitric acid oxidizes 
it to a)3-dichloropropionic acid. 

Both dichlorohydrins are changed to epichlorohydrin by alkalis. 

^-Dibromohydrin, b.p. 212-214°. 

Trihalohydrins are formed when halogens are added to the allyl halides ; 
also in the action of phosphorus halides on the dihalohydrins, and when iodine 
chloride acts on propylene chloride, and bromine and iron on propylene bromide 
and trimethylene bromide (Ber. 24, 4246). 

Trichlorohydrin, glyceryl chloride, oL^y-trichloropropam, CHgCl-CHCl-CHjCI, 
b.p. 158°. 

Tribromohydrm, m.p. 16°, b.p. 220°, is converted by silver acetate into glycerol 
triacetyl ester. When this is saponified it yields glycerol (p. 580). 

(6) Glycerol Esters of the Mimral Acids containing Oxygen 

The neutral nitric acid ester (so-called) — nitroglycerin (discovered by Sobrero 
in -1847) — is the most important member of this class. 

Glyceryl nitrate, “nitroglycerin,” CH2(0N02)'CH(0N0a)-CH2(0N0a), 
m.p. 16°, D = 1»6, is produced by the action of a mixture of sulphuric and 
nitric acids on glycerol. The latter is added, drop by drop, to a well-cooled 
mixture of two parts of fuming nitric acid and three parts of concentrated sul- 
phuric acid. On standing the nitroglycerol rises, and, after separation, is poured 
into Water. The heavy oil (nitroglycerin) is washed with water and dried by 
means of calcium chloride. 

Glyceryl trinitrate is a colourless oil, which is easily volatilized at 160°/15 mm. 
(Ber, 29, R. 41). It has an acrid taste, and is poisonous when taken internally. 
It is sparingly soluble in water, dissolves with difficulty in cold alcohol, but is 
easily soluble in wood spirit and ether. Heated quickly, or upon percussion, 
it explodes very violently ; mixed with Meselguhr it forms dynamite, and with 
nitrocellulose, smokeless powder. 

Alkalis convert nitroglycerin into glycerol and nitric acid ; ammonium 
sulphide also regenerates glycerol. Both reactions prove that nitroglycerin is 
not a nitro-compound, but a nitric acid ester. 

Partial nitration of glycerol or partial hydrolysis of nitroglycerin by dilute 
sulphuric acid produces the two possible dinitrates, CsH5(OH)(ON02)2, oils, 
which are not explosive ; and also the two momnitrates, C 3 H 5 (OH) 2 {ONO) 2 , 
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in.pp. 59° and 54°; these substances are easily soluble in water (Ber. 41, 
1107). 

Glyceryl nitrite, C3H5(0-N0)3, is formed by the action of NgOg on glycerol. 
It is isomeric with trinitropropane” (Ber. 16, 1697). 

Glycerol sulphuric acid, CHgOH'CHOH'CHg'OSOgH, is obtained from glycerol 
and sulphuric acid. 

Carbonates of glycerol are obtained from glycerol and chloroformic ester 
in absolute pyridine. Dicarbetlioxyglycerol, b.p.l62-163°/0*5 mm. Tricarbethoxy- 
glycerol, b.p. 168°/0*2 mm. : rmmcarbethoxyglycerol carbonate, CHg'CH-CHg’O- 

COOEt, b.p. 304-305° (J.C.S. 125, 2259). 

Glycerophosphoric Acids, C3H5(0H)2*0-P03H2. — There should be theo- 
retically two glycerophosphoric acids, the a- posseping an asymmetrical structure 
and capable of resolution, the j?- being symmetrical and not resolvable. King 
and Pyman (J.C.S. 105, 1238) have shown that the commercial crystalline 
sodium salt obtained from glycerol and monosodium phosphate is the jS-deriva- 
tive, while the acid obtained from glycerol and orthophosphoric acid at 100° 
under atmospheric pressure is the a-acid (c/. C. 1919, I. 84). 

Glycerophosphoric acid occurs naturally combined with fatty acid and choline 
as lecithin, in yolk of eggs, brain and elsewhere (see p. 585). Willstatter and 
Liidecke (Ber. 37, 3753) find that the glycerophosphoric acid obtained from 
lecithin is optically active, so that it must, at any rate, partly consist of the 
a-acid. 


B. Glycerol Fatty Acid Esters, Glycerides 

{a) Formic Acid Esters. Monojormin, C8H5(0H)20CH0, distils under 
diminished pressure. It is formed on heating oxalic acid and glycerol (see p. 282 ). 
When heated alone it breaks down into allyl alcohol (p. 150), water, and carbon 
dioxide, Diformm is most certainly produced under these conditions, Mono- 
formin also rnsults from the action of a-monochlorohydrin on sodium formate. 
Diformin, b.p. 163-166°/20~30 mm. 

(6) Acetic esters, or acetins, result when glycerol and acetic acid are heated 
together (C. 1897,11.474). Monoacetin, b.p. 131°/2~3 mm. Diacetin, C3H5- 
(0-C0CH3)2(0H), b.p. 259° (Ber. 25, 3466). Triacetin, b.p. 

258°, occurs in small quantities in the seed of Euonymus europceus, and 
has also been obtainetl from tribromohydrin (p. 583). Dichloromonoacetin and 
viomchlorodiacetin (C. 1905, I. 12). 

(c) Tributyrin, C3H5(0C4H7O)3, b.p. 185°/10 ram. (C. 1899, II. 21 ; 1900, 
II. 215), occurs in cow’s butter (p. 304). 

(<i) Glycerides of higher fatty acids occur, as already stated 
(p. 309), in the vegetable and animal fatty oils, fats, and tallows. 
They can he artificially obtained by heating glycerol with the fatty 
acids or their chlorides (C. 1899, II . 20), or from tribromohydrin 
and fatty acid salts (C. 1900, II. 215). ‘ The mono- and di-esters 
(monostearin, dipalmitin, etc.) are prepared from mono- (Ber. 36, 
4339 : 59, 690) or di-chlorohydrins and salts of the fatty acids, or 
by esterifying glycerol and the fatty acids by means of concentrated 
sulphuric acid (C. 1903, I. 133 : Ber. 38, 2284). 

The above reactions are only to be used with caution for the 
determination of constitution of glycerol esters, as frequently the 
fatty acid residue does not enter at the position occupied by the 
halogen atom, probably through intermediate formation of glycidio 
compounds ; also by the use of partially acylated glycerols, migration 
of the acyl groups may take place {Fischer, Ber. 53, 1589, 1621). More 
definite conclusions can be drawn from the synthesis of monoglycerides 
by the action of acid chlorides in quinoline solution on glycerol-acetone 
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(q.v.) , the acetone residue being subsequently hydrolysed off (Ber. 53, 
1589). A similar method for the preparation of mono- and diglycer- 
ides is based on the use of the cyclic derivative of glycerol, 2-phenyl- 
5-hydroxymethyloxazolidone, HO-CHg-CH-CHa-NH-CH-CcHs (Berg- 

I I 

mann, Z. physiol. Chem. 137, 27). 

By complete esterification of the mono- and diglycerides with a 
different fatty acid, mixed glycerides are formed, which according to 
recent work are the usual glycerides found in nature. A simple 
glyceride containing one fatty acid only is the exception rather than 
the rule. 

a/5-Diglycerides contain an asymmetric carbon atom and can he 
resolved by the use of the strychnine salts of their sulphuric esters 
(Ber. 60, 255). The resolution of an ajS-glyceride is the only absolutely 
definite method of identification from the isomeric /8|8-compound. 

Glycerides are sparingly soluble in alcohol, but readily soluble in 
ether. They are saponified by heating with alkalis or lead oxide (c/. 
p. 309, and C. 1899, II. 1699). When heated with a lower alcohol 
in presence of a little acid or alkali, the glycerides are largely broken 
down into glycerol and the ester of the alcohol employed (C. 1907, 

l. 151 : 1908, I. 1157 : II. 495). 

OL’Monohenzoylglycerol, m.p. 36° : a-nionostearin, m.p. 81® : (x.-monopahniim, 

m. p. 72°: oL-monolaurin, m.p. 62° (E. Fischer, Ber. 53, 1594 ct seq,). 

ap-Distearinf m.p. 69° ; cta-distearin, m.p. 79°. 

Trimyristirit or myristin, glycerol m3rristio ester, C3H5(0*Ci 11270)3, m.p. 66°, 
occurs in spermaceti, in nutmeg butter, and chiefly in oil nuts (from Myristka 
surinamensis), from which it is most readily obtained (Ber. 18, 2011). It yields 
m5n^istic acid (p. 306) when saponified. 

Tripalmitin, C3H5{0*Ci6H3i0)3, m.p. (45°) 65°, is found in most fats, especially 
in pahn oil ; it can be separated from olive oil at low temperatures. 

Tristearin, C3H5(0-Ci8H350)3, m.p. (55°) 71*5°, occurs mainly in solid fats 
(tallows). It can be obtained by heating glycerol and stearic acid to 280-300°. 
It crystallizes from ether in shining leaflets. 

On the phenomenon of the “ double melting point ” of palmitin and stearin, 
see C. 1902, I. 1196. 

Triolein, or olein, €3115(0 •01311330)3, solidifies at — 6°. It is fo^d in oils, 
like olive oil. It is oxidized on exposure to the air. Nitrous acid converts 
it into the isomeric solid elaidin, m.p. 36° (p. 349). 

Lecithins occur widely distributed in the animal organism, particularly in 
brain, nerve, blood-cells and egg-yolk (Ac/^i^os), from which stearo-palmito- 
lecithin is most easily obtained. Lecithins also occur in plant seeds (Ber. 29, 
2761). Lecithin forms a wax-like mass, readily soluble in alcohol or ether ; it 
swells up in water and yields an opalescent solution from which it can be pre- 
cipitated by various salts. The compound with cadmium chloride is character- 
istic and has been used for the separation of pure lecithin from eggs (J. Biol. 
Chem. 34, 175 : 72, 587). It forms salts with acids and bases, and a sparingly 
soluble platinichloride (C42H34NP08)2H2PtCl6. Lecithin is broken down when 
heated with alkali into choline, glycerophosphoric acid (p. 684), stearic and 
palmitic acids. It is to be regarded as an ester-like derivative of choline and 
glycerophosphoric acid {Strecker, Ann. 148, 77), which is combined with stearic 
and palmitic acids to a glyceride : the phosphoric acid is attached to the a- 
hydroxyl group of the glycerol {Willstdtter and Ludeckep Ber. 37, 3753) : 

CHa*0*C0-Ci7H35 

1 

OH-O-CO-CisHat 

CH3-O*P0(OH)*O*CH3^CHa-N(CHaV0H. 
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Lecithin is optically active (dextrorotatory). When heated in alkaline solu- 
tion to 90-100® it is racemized, and from the inactive lecithin, Mecithin can be 
obtained by the employment of lipase (C. 1901, II. 193 : 1906, II. 493), 

In addition to the stearo-palmito -lecithin mentioned above, distearo- and 
dioleo- compounds are known. 

Synthesis of Lecithm. — The free a-hydroxyl group of an aj9-diglyceride is 
esterified at its melting point by the use of phosphorus pentoxide, and by warming 
the product with choline salts a synthetic lecithin is obtained (Grun and Lim- 
packer, Ber. 59, 1530) : 

(a) H0-C,H5(0-C0 C„H„)j-^2^ P0j-0-P0(0H)-0 C,H,( 0-C0-C„H35), 
Choline salt 

/0-C3H5-(0-C0-C„H3s)2 

OiP^O C2H4 

\o;h*x;n(ch3)3. 

The ajS-distearoylglycerol-a'-phosphoric acid choline ester is converted into 
its endo-salt by loss of halogen acid. Synthetic lecithin resembles in its prop- 
erties (analysis, platinichloride, cadmium chloride derivative, alkaline hydrolysis) 
the hydrolecithin obtained by hydrogenation of natural lecithin. 

So-called ^-lecithins, where the phosphoric acid is attached to the j3-hydroxyl 
group, have been obtained by this method, but do not occur in nature. (Endo- 
salt of aa'-distearoylglycerol-jS-phosphoric acid choline ester, see Ber. 60, 147.) 

The cephalins form a series of compounds closely allied to the lecithins 
which occur in brain (J. Biol. Chem. 35, 285). They contain in place of choline, 
jS-aminoethanol. Their synthesis is carried out similarly to that of lecithin, 
using jS-aminoethanol for the esterification of the glycerophosphoric acid in the 
last stage (Ber. 60, 151). 


Glycerol Ethers 

1. Alkyl ethers. — Mixed ethers of glycerol with alcohol radicals are obtained 
by heating the mono- and dichlorohydrins with sodium alcoholates. 

Epichlorohydrin, sodium hydroxide solution, and an alcohol form glycerol 
dialkyl ether (C. 1898, I. 237). 

Monoethylin, CHaOH^CHOH-CHaOCgHg, b.p. 230®, is soluble in water. 
Glycerol dimethyl ether, b.p. 169°. Diethylin, CH20HCH(0C2H6)CH20C2H5, 
b.p, 191°, dissolves with difficulty in water, and has an odour resembling that 
of peppermint. Tricihylin, 03^15(002115)3, b.p. 185°, is insoluble in water. 

Glycerol allyl ether, cdlylin, OHgOH'CHOH'CHgOCsHg, b.p. 225-240°, is pro- 
duced by heating glycerol with oxalic acid (Ber. 14, 1946, 2270), and is present 
in the residue from the preparation of allyl alcohol (p. 150). Diallylin, HO'CsHg- 
(003115)2, b.p. 225-227°, is produced when sodium allylate acts on epichlorohydrin 
(Ber. 25, R. 606). 

Glycerol (x.’triphenyl?nethyl ether, m.p. 93-94°, 

Higher Alkyl Ethers. — The compounds batyl, selachyl and chimyl alcohols 
occur in elasmobranch fish-oils, and investigation has shown that batyl alcohol, 
m.p. 69-70°, is an octadecyl ether of glycerol, Ci8Hg70*C3H5(0H)2 (J.C.S. 1928, 
942), and selachyl alcohol and chimyl alcohol are probably the oleyl and cetyl 
ethers of glycerol, Ci8H350-C3H5(0H)2 and Ci8H8aO*C8H5(OH)2, respectively. 

Dialkyl Ethers of Homologous Glycerols, 

Fatty acid esters are condensed with chloromethyl alkyl ethers to form 
dialkyl ethers of homologous glycerols by means of magnesium, which can be 
rendered more active by means of HgClg (C. 1907, I. 871) ; 

RCOOCgHg + 2CIMgCH80C2H5 RC(OH)(CH20C2H5)2. 

These diethylins yield acroleins, similarly to glycerol itself, when treated with 
oxalic acid : two molecules of alcohol are eliminated and a-alkylacroleins result 
(c/, p. 253). 

Ethylglycerol diethyl ether, C2HgG(OH)(CH20C2H5)2, b.p. 195°, is prepared 
from propionic ester, chloromethyl ethyl ether and magnesium. Propylglycerol 
diethylin, b.p. 210° ; the isobutyl-, b.p. 215° ; n,-amyl-, b.p. 119°yi3 mm. ; hexyl-, 
b.p. 136°/15 mm. ; octyl-, b.p, 160°/15 mm. ; decenyl-glycerol dimethylin, b.p. 
I8O712 mm. 
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OLri-Dimethoxyheptane^M, HC(OH)[CH2CH2CHaOCH3]2, b.p. 247°, is pre- 
pared from formic ester, y-methoxypropyl iodide and magnesium. It is a liquid 
possessing a very bitter taste (C. 1906, I. 332). 

2. Cyclic Ethers ; 


Glycerol ether. 


yCHa-O-CHav 

CH^ O ^CH or CH, 

XCHa-O-CH/ 


/OCH, Jb.p. 171°, is 


CH OCHa 


formed when glycerol is heated to 270-330°, with a little ammonium chloride 
(Aim. 335, 209) ; also, together with diallylin, from epichlorohydrin and sodium 
allylate (see above). It is readily soluble in water, and is hydrolysed with 
difficulty. 

An isomeric substance, m.p. 124°, has been obtained as a by-product of the 
preparation of pyridine bases from glycerol and ammonium phosphate (cf. p. 582) 
(C. 1897, I. 583). 

Glycerol derivatives resembling the acetals are formed when formaldehyde, 
acetaldehyde, acrolein, benzaldehyde, or acetone act on glycerol hot, or in 
presence of hydrochloric acid. The formation of the acetone compounds is of 
particular importance. An equilibrium exists in the following terms : 

Polyhydroxylic compound + acetone Acetone compound + water. 
This equilibrium is displaced more to the right according to the favourable spatial 
relationships of the hydroxylic groups concerned (Ber. 56, 2409). The ease of 
formation of acetone compounds runs approximately parallel with the effect of 
the polyhydroxy compound in increasing the conductivity of boric acid solutions 
(Rec. Trav. Chim. 42, 1104). 

yO-CHa yO-CHav 

Formal glycerol, 1 or CH< ^CHOH, b.p. 193° 


XO-CH-CHaOH 




(Ann. 289, 29: 335, 209). Acetal glycerol, H0C3H602>CHCH3, b.p. 86°/18 
mm. CL- Acrolein glycerol, H0*C3H502>CH'CH : CHg, is isomeric with glycerol 
ether or jS-acrolein glycerol (^.v.). Bcnzal glycerol, H0C3H502>CH0eH5, m.p. 
66°. Acetone glycerol, H0C3H502>C(CH3)2, b.p. 83°/ll mm. (Ber. 27, 1636: 
28, 1169). 

< CH*CHaOH 

I »b.p. 162°, 

CHg 

Do ~ 1*165, is isomeric with acetyl carbinol (p. 393). This body shows the 
properties both of ethylene oxide and of ethyl alcohol. It is obtained from its 
acetate by the action of sodium hydroxide or barium hydroxide. Glycide and 
its acetate reduce ammoniacal silver solutions at ordinary temperatures. 

Glycerol also forms poly glycerols. Thus glycerol yields diglycerol, (HO)2*C3H5- 
OC3Hs(OH)a, when it is treated with ohlorohydrin or aqueous hydrochloric acid at 

CHa—O— CH-CHaOH 

130°. The polymer of glyoide, diglydde, _(3g;_.o_0H 

results from the action of sodium acetate on epichlorohydrin in absolute alcohol, 
and the subsequent hydrolysis of diglycide acetate with sodium hydroxide. 

< CH*CHaCl* 

j , b.p. 1 1 7°, Do = 1 *203, is isomeric with mono- 

CHa 

chloroaoetone, and constitutes the parent substance for the preparation of the 
glycide compounds. It is obtained from both diehlorohydms by the action 
of alkali hydroxides (similarly to the formation of ethylene oxide from glycol 
chlorohydrin) (p. 367) : 


ClCHa-CHOH ClCHa-CH \ ClCH-CHaCl 

1 ^ I \o 1 

CHaCl CHa/ HOCHa 

It is a very mobile liquid, insoluble in water. Its odour resembles that of 
chloroform, and its taste is sweetish and burning. It forms oc-dichlorohydrin with 
concentrated hydrochloric acid. PCI 5 converts it into trichlorohydrin. Con- 
tinued heating with water to 180° changes it to a-monochlorohydrin* Concen- 
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fcrated nitric acid oxidizes it to jS-chlorolactic acid. Metallic sodium converts 
it into sodium allylate, CHa^CH-CHaONa. 

Like ethylene oxide, epichlorohydrin combines with HCN to the hydroxy- 

cyanide, CgHsCK^Q^. Epibromohydrin, CaHgOBr, b.p. 130-140®, is prepared 

from the dibromohydrin, Epi-iodohydririf CsHsOI, b.p. 62®/12 mm., is prepared 
from epichlorohydrin by the action of KI and alcohol, and subsequent treatment 
with aqueous alkali hydroxides. 

Epihydrin-etherf'lO ^‘P* 103°/22 mm., is produced from the above 
by means of silver oxide; and nitroglycide, N02-0C3H5>0, b.p. 63°/15 mm., 
by silver nitrate. It also results when alkali acts on either of the two dinitro- 
glycerols (p. 583) (Ann. 335, 238; Ber. 41, 1117). 

Di-epi-iodohydrin, m.p. 160®, is formed 

when iodine acts on mercury allyl alcohol iodide, {C3H50*HgI)a. This body, as 
well as mercury propylene-glycol iodide, IHg*CH2CH(0H)CH20H, is also obtained 
from allyl alcohol and mercury salts (c/. Mercury ethanol iodide, p. 370) (Ber. 
34, 1385, 2911). 

Epiethylin, ethyl glycide ether, 0<C8H5-0C2H5, b.p. 129®, and amyl glycide 
ether, b.p. 188®, are produced from the respective ethers of chlorohydrin by 
distillation with potassium hydroxide (Ann. 335, 231 ). Glycide acetate, O <C3H5*- 
OCOCH3, b.p. 169°, is formed from epichlorohydrin and anhydi*ous potassium 
acetate. 

Nitrogen Derivatives of the Glycerols 

Nitroisobutyl glycol, CH3C-(N02)(CH20H)2, b.p. 140®, is formed from nitro- 
ethane and formaldehyde (Ber. 28, B. 774). 

oL-Aminopropanediol, NH2’CH2CH(0H)CH20H, b.p. 238®/325 mm., is formed 
from glycide and aqueous ammonia. Similarly, the cc-alkylaminopropariediols 
can be prepared ; tertiary amines react with glycerol a-chlorohydrin to form 
quaternary ammonium chlorides, e.g. (C2H5)3N(C1)CH2CH0H‘CH20H (Ber. 33, 
3500). p-Aminopropanediol, H0CH2*CH(NH2)‘CH20H, is formed when di- 
hydroxyacetone oxime is reduced (Ber. 32, 7^). 

p’A7nino-ieTt,-butanediol, CH3C(NH2)(CH20H)2 (C. 1908, I. 816). 

From oLy-diamim- ^-propanol is derived the local anaesthetic alypin, 
0CH[CH2N(CH3)2]2 (C. 1905, 11. 1551); also OLy-dianiUnopropanol, (CeHs- 
NHCH2)2CH0H, from aniline and epichlorohydrin (Ber. 37, 3034). Trimethylene- 
imine-^-sulphonic acid is obtained from bromomethyl taurine, a decomposition 
product of the thiazoline derivative obtained from allyl-mustard oil dibromide 
(Ber. 39, 2891) : 

BrCHa-CH— S\ 0 BrCH2*CHS03H -HBr CH2— CHSOaH^ 

1 ^CR > I > I 1 

CH2NH.2 NH---CH2 

Triajyiinopropanc, CHgNHa’CHNHa'CHgNHg, b.p. 93°/9 mm., is prepared from 
glyceryl triurethane, C3H5(NHC02C2H5)3, m.p. 92°, which is formed from the 
action of absolute alcohol on the triazide of tricarballylic acid (J. pr. Chem. [2] 
62, 240). 

(Ky-Tetramcthyl-diamim-p-nitropropane, [(CH3)aN*CH2]2'CHN02, m.p. 58°, is 
prepared from 2 molecules of methanoldlmethylamine, (CH3)2NCH20H, and 
nitromethane. It forms salts both with acids and alkalis (c/. Nitromethane, 
p. 181). When boiled with water it is decomposed to formaldehyde ; with 
aqueous aniline it forms dianilimnitropropane, (C3H5NHGH2)3CHN02 ; by reduc- 
tion with till chloride it yields OLayy-tetrarnethyltriamiyio-propane, [(CH3)2NCH2l2- 
CHNHa, b.p. 175° (Ber. 38, 2037). 

Sphingosim is a cerebroside occurring in brain tissue and has the formula 
CHa-fCHglia'CH : OH‘C3H4(OH)2‘NH2 (Z. physiol. Chem. 185, 169 : see also 
J, Biol. Chem. 18, 482). 

2. DIHYDROXYALDEHYDES 

Glyceraldehyde [propanediolal], CHaOH-CHOH-CHO, forms short 
colourless needles (from aqueous methyl alcohol), m.p. 138-5®. It is 
most readily obtained pure by hydrolysis of its acetal “with dilute 
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sulphuric acid (J.C.S. 1927, 2477) and is reconverted into the acetal 
by treatment with alcohol and hydrochloric acid. It is almost in- 
soluble in cold alcohol or ether. It reduces Eehling’s solution in the 
cold, and forms a characteristic condensation product with phloro- 
glucinol (Vol. II). 

Many properties of glyceraldehyde are better explained by a cyclic 
formula, CHaOH-CH'CHOH (Ber. 57, 707 : 60, 479), than by the 


Y 


open-chain formula, CHaOH'CHOH^CHO, which shows analogies to 
the constitution of the hexoses (q.v.). The transformation of glyeer- 
aldehyde into dihydroxyacetone by heating in absolute pyridine is 
doubtless explained as occurring through the cyclic formula, and the 
formation of nimAMcetylbr(moglyceraldehyde, CHgCO-O-CHg-CH-CHBr, 


m.p. 168° (Ber. 60, 1704), by the action of hydrobromic and glacial 
acetic acid on the ^meric acetate of glyceraldehyde parallels exactly 
the behaviour of pentaacetylglucose (g.t;.). In the solid condition, 
glyceraldehyde exists in a dimolecular form (Ber. 33, 3095). 


Glyceraldehyde acetal^ CH20H’CH0H*CH(0Et)2, b.p. 130°/21 mm., is obtained 
by the careful oxidation of acraldehyde acetal (p. 254) with permanganate. 

The oxime CHaOH-CHOH-CH ; NOH is an oil which on warming with alkali 
is broken down with the formation of glycollic aldehyde by loss of water and 
hydrogen cyanide (c/. Carbohydrates). 

^•Bromophenylosazone^ m.p. 168®. 

Optically Active Glyceraldehydes, Dextrorotatory — (-f) — glyceraldehyde has 
been shown to be related to an active trihydroxy butyric acid (/-threonic acid) 
which belongs to the Z-tartaric acid series (Ber. 50, 455). As this belongs to the 
d-glucose series, this ( + ) -glyceraldehyde is correctly described as d-glyceraldehyde. 

Preparation of optically active glyceraldehyde (Ber. 47, 3346). 

a-<7/iZoro-jS-/iydroa;2/propio?iaceZaZ, CH 2 (OH)*CHCi‘CH(OCH 3 ) 2 , b.p. 98/11 mm., 
is formed from acrolein acetal and HCIO. Oxidation converts it into a-chloro- 
j8j3-dimethoxypropionic acid, (CHaOlgCH'CHClCOOH ; reaction with ammonia 
produces %-hydroxy~^~aminopropionacetaly CH 2 (NH 2 )‘CH(OH)CH(OCH 3 ) 2 , m.p. 
55-68®, b.p. 111®/11 mm., with intermediate formation of open ethylenoxy- 
compound. This acetal gives rise to the hydrochloride of j3-aminoiactic aldehyde, 
NH2CH2CH(0H)CH0, which, on oxidation, yields isoserine (p. 596) (Ber. 40, 92). 

A mixture of a little glyceraldehyde with dihydroxyacetone (see below) is 
formed by the oxidation of glycerol with dilute nitric acid, bromine or hydrogen 
peroxide in presence of a little ferrous sulphate (C. 1888, II. 104 : Ber, 33, 3098), 
It is known as glycerose, and is condensed by sodium hydroxide to inactive 
acrose. This compound is related to dextrose, which can also be formed from 
each of the two separate compounds above mentioned, 

a^-Dihydroxybutyraldehyde, methylglyceraldehydef CH 3 CH(OH)-CH{OH)CHO, 
is a syrupy body formed, analogously to glyceraldehyde, from its acetal, 
CH 3 CH(OH)CH(OH)CH(OC 2 H 5 ) 2 , the oxidation product of crotonaldehyde 
acetal (Ber. 35, 1914). 

Pentaglycerol aldehyde, CHaC(CH 20 H) 2 CH 0 , is prepared by condensing 
propionaldehyde with two molecules of formaldehyde. 

^ y-Methyl-^y -dihydroxy valeraldehyde, (CH 3 ) 2 C{OH)CH(OH)CH 2 CHO, is ob- 
tained by condensation of d-hydroxyf^obutyric aldehyde with acetaldehyde 
(Monatsh. 22, 443, 527). 

Chloral aldol, CCl 3 *CH(OH)-CH(CHO)-CHOH-CH 3 , and Imtyl chloral aUol, 
CH 3 -CHCl'CCl 2 -CH(OH)-CH(CHO)-CHOH*CH 3 , are thick oils. They result 
from the condensation of chloral or butyl chloral with paraldehyde and glacial 
acetic acid (Ber, 25, 798). 

ay-Dihydroxycapraldehyde, see Ber. 56 , 759. 
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3. DIHYDROXYKETONES (OXETONES) 

Dihydroxyacetone, glycerol ketone [propane diolone], CHaOH'CO*- 
CHgOH, m.p. 68-75°, is prepared from its oxime by the action of 
bromine (p. 580). It tastes sweet and cooling. It is also obtained 
by heating glyceraidehyde with absolute pyridine (see p. 589, and 
Ber. 60, 479). 

It occurs in dimoleciilar form which is depolymerized by distilla- 
tion in high vacua (0-5 mm.) (Ber. 57, 707). The monomolecular 
form is readily soluble in water, alcohol and acetone, but sparingly 
in ether. Reduction (p. 580) and the action of the sorbose bac- 
terium (C. 1898, I. 985) convert it into glycerol (see also Glycerose, 
above). It reduces Fehling’s solution in the cold. The oxime, 
CH20H*C(: N0H)*CH20H, m.p. 84°, is produced from hydroxyl- 
amino-ieri.-butylglycerol by HgO (Ber. 30, 3161). 


Chloroacetylcarhinol, ClCHa'CO'CH^OH, m.p. 74®, is formed from allene (p. 114) 
and HCIO, together with some diehloroacetone (C. 1904, I. 576). Diethoxy- 
acetone, (C2H50)CH2‘C0-CH2(0C2H6), b.p. 195®, is prepared from ay-diethoxy- 
acetoacetic ester, and by distillation of calcium ethyl glycollate (Ber. 28, R. 295). 
Diaminoacetone, NHaCHa-CO-GHjlNHa, is obtained by the reduction of ditso- 
nitrosoacetone (Ber. 28, 1519). p^-Bromonitropropane-OLy-diol, HO'CHg- 

CBr(N02)*CH20H, m.p. 106®, is prepared from bromonitromethane and form- 
aldehyde (C. 1899, I. 179). 

Homologous Dihydroxyketones . — Trimethyl triose, (CH g ) gC (OH )*CH (OH ) 
COCHg, b.p. 109°/19 mm., is obtained by the oxidation of mesityl oxide, (CH3)2C 
CHCOCHg (p. 273), by permanganate, and appears to decompose rapidly into 
acetone and acetol. Dihydroxymethylhepta7ione, (CH3)2C(OH)CH(OH)CH2CH2- 
COCHg, m.p. 67®, is similarly prepared from methyl heptenone (p. 276) and 
permanganate (Ber. 34, 2979 ; 35, 1181). yh-Dihydroxyhutyl methyl ketone, 
CHa(OH)CH(OH)CH2CH2COCH3, b.p. 190®/22 mm., results from the splitting up 
of a*aeetyl-S-ohloro-y-valerolactone(the condensation product of epichlorohydriii 
and acetoacetic ester) by means of potassium carbonate (Ber. 34, 1981). It is 
similarly prepared from epichlorohydrin and sodium acetylacetone (C. 1904, 
I. 366). 

Derivatives of the unknown “ trlacetone dialcohol,'’ ^ Me2C(OH)*CH2*- 
C0*CH2*CMe20H, have been discussed imder “ phorone ” (p. 273). Sucli 
are triacetonamine, triacetonediamine, etc. Methyl ethyl ketone forms similar 
compounds when treated with ammonia, e.g. trimethyldiethylpiperido^ie^ 

C(CH^ ) corresponding with triacetona- 
mine (Ber. 41, 777). 

The oxeto7ies, discovered by Fittig, may be considered as the anhydrides of 
the yy-dihydroxyketones. Their constitution is indicated by the formation of 
dimethyloxetone by treatment of the addition product of diallylaeetone with 
two molecules of HBr with potash solution {Volhard, Ann. 267, 90) ; 

Br Br 

CHjCHCHjCHj-CO-CHjCHjCaiCHs 



The oxetones are obtained from the condensation products of the y-lactones 
with sodium ethoxide by elimination of carbon dioxide (see p. 427). 

Oxeione, C^HjaGa, b.p. 159*4®. Dimethyloxetone, CoHjeOa, b.p. 169*5®, 
Do = 0*978. Diethyloxetone, CnHaoCg, b.p. 209°. These oxetones are mobile 
liquids, and possess an agreeable odour. They are sparingly soluble in water, 
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reduce an ammoniacal silver solution, and combine with 2HBr to y-dibromo- 
ketones. 

V-Pyrone, C0<g|=g|>0 (Vol. XU), may be considered the anhydride 
of an unsaturated dihydroxyketone. 

4. HYDROXY-DIALDEHYDES 

Nitrormlonic dialdehyde, N02CH{CH0)2, or HOgN : C(CHO) 2 , m.p. 50°, is a 
derivative of the dialdehyde of tartronic or hydroxymalonic acid. Its sodium 
salt is prepared from muoobromic acid (p. 457) and sodium nitrite (c/. C. 1900, 
n. 1262). The free aldehyde is obtained from the silver salt by hydrochloric 
acid, in ethereal solution. In aqueous solution it changes into formic acid and 
aj/wi. -trinitrobenzene (Vol. II). It condenses with acetone in alkaline solution 
to form p-nitrophenol, and behaves similarly with a series of other ketones, 
ketonic acid esters, etc. (C. 1899, II. 609 : 1900, II. 560). Hydroxylamine 

< H=:N 

I , and salts of 

the unstable nitrormlonic aldehyde dioxime, M 02 N*C(CH ; NOH) 2 , which can 
be converted into nitromalomc aldoxime nitrile, K02HC(CN)CH : NOH, and 
fulminuric acid, N02HC(CN)C0NH2 (p. 296) (C. 1903, I. 957). 

Chlorormlonic dialdehyde, ClCH{CHO )2 or CHO-CCl ; CHOH, m.p. 144° 
(decomp.), and hromomalonic dialdehyde, BrCsHgOg, m.p. 140° (decomp.), are 
prepared similarly to nitromalonic aldehyde from mucochloric and mucobromic 
acids. Aniline causes the loss of COg from the acids, and converts them into 
dianils of the dialdehydes, which are liberated by hydrolysis : 

CCICHO -cOa CC1-CH:N6CH5 2H,0 CCICHO 

II 5- II 11 

HO 2 CCCI HClSnaOeHs HCOH 

The two dialdehydes are also formed frona ethoxyacrolein acetal (02H60)CH : 
CH*CH(OCaH 5)2 (see Malonic dialdehyde, p. 399), by chlorine and bromine. 
The enoit-configuration (see above) gives rise to strongly acid bodies giving a 
reddish-violet coloration with ferric chloride. Their stability towards alkalis 
is remarkable. Hydrazines give rise to pyrazoles (Ber. 37, 4638). 


5. HYDROXY-ALDEHYDE-KETONES 

Hydroxypyroracemic aldehyde, CHO'CO'CHgOH, is the simplest hydroxy- 
aldehyde ketone. It is only known in the form of its osazone, m.p, 134°, which is 
produced by the interaction of phenylhydrazine and dihydroxyacetone (Ber. 
28, 1522). 

Acetonetrisulphonic acid, {S0^13.)^0B.COCB.z(S0^'E), is a derivative of hydroxy- 
pyroraeemic acid, prepared by the action of fuming sulphuric acid on acetone. 
It is decomposed by alkalis into methionic and sulphoacetic acid (C. 1902, 1. 101). 


6. HYDROXY-DIKETONES 


py-Diketobutyl alcohol, CHsCO-COCHgOH, is the simplest hypothetical 
hydroxydiketone, A derivative is a-dihromoethyl ketol, CHaCBrg-CO'CHgOH, 
m.p. 85°, prepared from bromotetrinic acid (p. 599) and bromine. 

Derivatives of the compound (CH 3 ) 2 C(OH)COCOCH 3 are found among the 
reaction products of nitrous or nitric acid on mesityl oxide oxime (p. 275). 

a-Ethoxyacetylacetone, (C2H60)CH2COCH2COCH3, b.p. 84°/13 mm., is pre- 
pared from ethoxyacetic ester, sodium, and acetone (c/. p. 403) (C. 1907, 1. 871). 

y-Aminoacetylacetone, (CH 3 CO) 2 CHNH 2 , is formed when isonitrosoacetyl 
acetone is reduced. Nitrous acid converts it into dimethyldiacetylpyrazine (1), 
m.p. 99°, and a diazo -anhydride or Jurodiazole (2), of which the connecting 
oxygen is easily replaceable by NR and S (see Vol. Ill ; pyrrodiazoles and 
thiodiazoles (Ann. 325, 129) : 


(1> 


CH3C— N— CCOOH3 

II i II 

CHjgOC— N— CCH3 


( 2 ) 


CH3C— On^ 
CH^OC— n/ 


•N 
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Hydroxyrmthyleneacetylcx^tom (CH3CO)2C = CHOH, m.p. 47®, b.p. 199®, 
which is the aei- or enol-form of formylacetylacetone, formyldiacetylmethane, 
(CH3C0)2CH-CH0, is a stronger acid than acetic acid, and soluble in aqueous 
alkali acetates. It readily absorbs oxygen from the air, and is decomposed by 
gentle heating with water and HgO into COo and acetylacetone ; copper salt, 
m.p. 214®. 

Mhoxymethyleneacetylactone, (CH3CO)2C : CH(OC2H5), b.p. 141®/16 mm,, 
is formed by condensation of acetylacetone with orthoformic ester by acetic 
anhydride. It decomposes with water into alcohol and the previous substance. 
It combines with acetyl acetone to form methenyl-bis-acetylacetone, {CH.fiO) 2 C^ 
CH — CH(C0CH3)2, m.p. 118°, which is easily changed by ammonia into diacetyl- 
lutidine (Vol. Ill), and by abstraction of water into diacetyl m-cresol. 

Aminomethyleneacetylaceione, {CH.fiO) 2 C ; CHNHa, m.p. 144®, is formed from 
ethoxymethyleneacetylacetone and ammonia. Anilinomethyleneacetylacetone, 
(CH3C0)2C : CHNHCgHs, m.p. 90°, results when diphenyl formamidine, CgHsN : 
CH'NHCeHs, is heated with acetylacetone (Ber. 35, 2505). 


7. DIALDEHYDE KETONES 

Mesoxalic dialdehyde, CHO*CO-CHO, is formed, together with acetone 
peroxide, when phorone ozonide (p. 273), (CH3)2C{03)CHC0CH(08)C(CH3)2, is 
shaken with water, and the aqueous solution concentrated. It may be in the 
form of a ss^rup, the hydrate, solidifying to a glass-like substance, or a loose 
light yellow powder (a polymerized body), which, in aqueous solution, is strongly 
reducing in its action. The diphenylkydrazone, CO[CH : NNHCgHsja, m.p. 175° 
(decomp.), is formed by the action of phenylhydrazine, and also from acetone 
dicarboxylie acid (p. 623) and diazobenzene ; triphenylhydrazone, CgHgNHN : 
C[CH : NNHCeHglj, m.p. 166® (Ber. 38, 1634). 

Dioxime, diimnitrosoacetone, CO[CH : NOHjg, m.p. 144° (decomp.), is formed 
from acetone dicarboxylie acid and nitric acid ; further action of N2O3 produces 
mesoxalic dialdehyde. The trioxime, HON : C[CH*: NOHJg, m.p. 171®, is formed 
by means of hydroxylamine (Ber. 38, 1372). 

8. ALDEHYDE DIKETONES 

See above, under hydroxymethyleneacetylacetone or aci-formyldiacetyl- 
methane (p. 592). 


9. TRIKETONES 

Triketones with adjacent CO groups are obtained from the 1 ; 3 -diketones by 
means of nitroso -dimethyl-aniline, followed by decomposition of the resulting 
dimethylamiim anil by dilute sulphuric acid (Ber. 40, 2714) : 

NOC,H4N(CH,)s HgO 

(CH3C0)2GH2 4 (CH3C0)2C : NC3H4N(CH3)2 > (CH3CO)2CO. 

These triketones are orange-red oils which form colourless hydrates with 
water. They are very strongly reducing bodies. 

Trihetopentane, pentane-^yh-trione, CHsCO'CO-CO-CHgjb.p. C5~70®/30 mm., is 
formed by decomposing the reaction product of nitroso-dimethyl-aniline (Vol. II) 
and acetyl acetone. It is an orange-yellow oil, which unites with water to form a 
colourless crystalline hydrate, CfiHeOs -f HgO. The phenylhydrazone, benzene 
azo -acetylacetone, CeHgNHN : C(COCH3)2, and the oxime, i^onitroso-acetyl- 
acetone, HON : C(COCH3)2, m.p. 75®, are prepared from sodium acetylacetone 
and diazobenzene salts or nitrous acid (Ann. 325, 139, 193). Triketopentane and 
phenylhydrazine form a bis-phenylhydrazone ; with semicarbazide a bis-aemi- 
earhazoyie, m.p. 221® ; with hydrazine hydrate, dimethyl-hydroxy -pyrazole {cf. 
1 : 3*diketones, p, 409) ; with o-phenylene diamine, a qui7ioxalitie-dei:ivative 
{cf. 1 : 2-diketones, p. 401). Alkalis decompose triketopentane into 2 molecules 
of acetic acid and formaldehyde. 

^yh-Triketohexane, CHsCO-CO'COCgHj, b.p. 70°/18 mm., is obtained, analo- 
gously to triketopentane, from acetyl methyl ethyl ketone, CHaCOCHa-COCaH* 
(Ber. 40, 2728). 

Pye-Tfiketohexane* The trioxime, CH3C(NOH)CH2C(NOH)C(NOH)CH8, m.p. 
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159°, is formed, similarly to succinic dialdoxime from pyrrole (p. 408), from 
]8-nitroso-aa-dimethyl.pyrTOle and hydroxylamine (C. 1908, I. 1630). 

Diacetylacetonef phX~triketohepkine, ph^-heptan^tnone, CO(CH 2 COCH 3 ) 2 , m.p. 

49°, is produced from 2:6-dimethyl pyrone, and con- 

centrated barium hydroxide solution, from which it is separated by hydro- 
chloric acid. It decomposes spontaneously into water and dimethyl pyrone (Ann. 
257, 276). Ferric chloride produces a deep-red colour with it. The oxime^ m.p. 
68°, easily turns into an anhydride (Ber. 28, 1817). With sodium and iodo- 
methane it is converted into a dimethyldiacetylacetone, m.p. 87° (C. 1900, II. 625). 

Acetonylacetylacetone, y-acetylhexane-^^-dione, CH 3 COCH 2 -CH(COCH 3 ) 2 , b.p. 
156°/35 mm., is formed from sodium acetylaeetone and chloroacetone (C. 1902, 
II. 346). 


lO, DIHYDROXY-MONOCARBOXYUC ACIDS 

The acids of this series bear the same relation to the glycerols 
that the lactic acids sustain to the glycols, and may also be looked 
on as being dihydroxy-derivatives of the fatty acids. They may be 
artificially prepared by means of the general methods used in the 
production of hydroxy-acids, and also by the oxidation of unsaturated 
acids with potassium permanganate (p. 341) (Ber. 21, R. 660 : Ann. 
283, 109). 

Glyceric acid, dihydroxypropionic acid, CHaOH-CHOH-COOH, 
is formed : (1) By the careful oxidation. of glycerol with nitric acid 
(method of preparation, Ber. 9, 1902 : 10, 267 : 15, 2071) ; or by 
oxidizing glycerol with mercuric oxide and barium hydroxide solution 
(Ber. 18, 3357 : 55, 1406), or with silver chloride and sodium hydroxide 
(Ber. 29, R. 545), or with red lead and nitric acid (C. 1898, I. 26). 
The calcium salt is decomposed with oxalic acid (Ber. 24, R. 653) : 

CHa(OH)-CH(OH)-CH2*OH -f Og = CH2(OH) CH(OH) CO-OH + HgO. 

(2) By the action of silver oxide on /8-chlorolactic acid, CHgCl*- 
CH( 0 H)*C 02 H, and a-chlorohydracrylic acid, CH 2 (OH)*CHCi'COaH 
(p. 421). (3) By heating glycidic acid with water (p. 594). 

Glyceric acid forms a syrup which cannot be crystallized. It is 
easily soluble in water, alcohol, and acetone. It is optically inactive, 
but as it contains an asymmetric carbon atom (p. 37), it may be 
changed to active Icevorotatory glyceric acid by the fermentation 
of its ammonium salt, through the agency of Penicillium glaucum. 
Bacillus ethaceticus, on the other hand, decomposes inactive glyceric 
acid so that the Icevorotatory glyceric acid is destroyed and the dextro- 
rotatory acid remains (Ber. 24, R. 635, 673). This glyceric acid is also 
formed by reduction of hydroxypyroracemic acid (p. 598), whilst the 
Icevorotatory glyceric acid is obtained by the action of milk of lime on 
glycuronic acid. Further, both forms can be separated by means of 
brucine (Ber. 37, 339 : C. 1905, I. 1085, 1089). 

Stereochemical jRetoiionsA-ip8.~-Hf-Glyceraldehyd6 can be oxidized 
by mercuric Oxide and sodium hydroxide to kevorotoiory (— )-glyceric 
acid. This (— )-glyceric acid is therefore d5-glyceric acid (Ber. 55, 
1404). 

Reactions, — ^When the acid is heated above 140^ it .decomposes 
into water, pyroracemic and pyrotartaric acids. When fused with 
potassium hydroxide it forms acetic and formic acids, and when boiled 
with it, yields oxalic and lactic acids. Phosphorus iodide converts 
VOL, I. Q Q 
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it into /3-iodopropionic acid. Heated with hydrochloric acid, it yields 
a-chlorohydracrylic acid and aj5-dichloropropionic acid, (See also 
^-chlorolactic acid (p. 421).) 

When glyceric acid is kept, it forms an anhydride probably analo- 
gous to lactide. This is sparingly soluble in water, and crystallizes 
in fine needles. 

Salts and Esters . — ^Its calcium salt, (CaH604)2Ca + 2H2O, dissolves readily in 
water ; lead salt, (C3H504)2Pb, is sparingly soluble in cold water. 

Ethyl ester is formed on heating glyceric acid with absolute alcohol. The 
rotatory power of the optically active glyceric esters increases with the molecular 
weight (Ber. 26, K. 540), and attains its maximum with the butyl ester (Ber. 27, 
K. 137, 138 : C, 1897, I. 970). 

The homologues of glyceric acid have been obtained (1) from the corresponding 
dibromo -fatty acids ; (2) from the corresponding glycidic acids on heating them 
with water (Aim. 234, 197) ; and (3) by oxidizing the corresponding unsaturated 
carboxylic acids (p. 341) with potassium permanganate or persulphuric acid, which 
at the same time occasion stereoisomeric transformation (c/. Dihydroxystearic 
acid) (Ann. 268, 8 ; Ber. 22, R, 743 : C. 1903, I. 319). 

aLP‘Dihydroocybutyric acid, ^-methylglyceric acid, CH2CH(OH)CH(OH)C02H, 
m.p. 75°, is resolved into its optically active components by quinidine. Also, 
the (-f)-form appears to result from oxycellulose by the action of milk of lime 
(Ber. 32, 2598 : C. 1904, I. 933). oLB-Dihydroxyisobutyric acid, a-methylglycenc 
acid, CH20H-C(CH3)(0H)C02H, m.p. 100°. 

Tiglyceric acid,m,^. 88°, and anglyceric acid, m.p. 111°, are the oxidation prod- 
ucts of tiglic acid and angelic acid (Ann. 283, 109). ct.~Ethylglyceric acid, m.p. 
99°. oL-Propylglyceric acid, m.p. 94°. adsoPropylglyceric acid, m.p. 102° (C. 
1899, I. 1071). a-EthyU^^methylglyceric acid, CH3CH(OH)C(C2H6)(OH)COOH, 
m.p. 145°, is formed from a-ethylcrotonic acid (Ann. 334, 68). 

OLB-Dihydroxyisooctylic acid, (CH3)2CHCH2CH2CH(0H)CH(0H)C08H, m.p. 
106° (Ann. 283, 291). 

a-isoPropyl-^-isobutylglyeeric acid, m.p. 154° (Ber. 29, 508). 

pyDihydroxybuiyric acid, butylglyceric acid, CH2(0H)*CH(0H)CH2C02H, 
is a thick oil. The j8y-dihalogen and hydro^-halogen-butyric acids correspond- 
ing with these, are obtained from vinylaeetic acid (p. 345), or from epihalogeno- 
hydrins (p. 587), and hydrocyanic acid. y-Ethoxy-^-hydroxyhutyric acid is a 
syrup ; ethyl ester, b.p. 121°/13 mm. ; nitrile, b.p. 245°, is prepared from epi- 
ethylin (p. 588) and hydrocyanic acid (C. 1903, II. 106 : 1905, I. 1586). 

yh~Dihydroxyvaleric acid, CH2(OH)CH(OH)CHgCH2C02H, rapidly decom- 
poses into water and forms a hydroxylactone. 

Dihydroxyundecoicacid, CjiH22(0H)202, m.p. 85°, is prepared fromundecylenic 
acid (p. 348). Eihydroxystearic acids, C38H34(0H)202 (see Oleic and Elaidic 
acids, p. 349) (C. 1902, I. 179 : 1903, I. 319). Dihydroxybehenic acid, C22H42- 
(OH)g02, 3n.p. 127°, is formed from erucic acid, C22H4202* 

Glycidic acids are formed (1) by the action of alcoholic potassium hydroxide 
on the addition product of hypochlorous acid and olefinecarboxylic acid (Ann. 
266, 204) ; (2) by condensation of ketones and a-halogen fatty esters by sodium 
ethoxide or sodium amide, whereby the glycidic esters are formed : 

(CH8)aCO r(CH3)2C-ONa-| (CH3)2C.. 

\ ^ 1 70 

RO-CO-CHaCi LRO-CO-CHCiJ ROCO-CH/ 


The acids obtained from these esters easily lose CO2 and change into alde- 
hydes or ketones (C. 1906, 1. 669 ; Ber. 38, 699). 

In general, the glycidic acids, like ethylene oxide, form addition products 
with the halogen acids, water and ammonia, whereby chloro -hydroxy fatty acids, 
dihydroxy, and amino-hydroxy-fatty acids can be prepared. Many add sodium 
malonic ester, etc. (0. 1906, II, 421). 

Glycidic acid, epihydrinic acid, 0<^ | , is isomeric with pyroracemic 

'CHa 

acid. It is produced, like ©pichlorohydrin (p. 587), from a-chlorohydracrylic acid 
and jSi-chlorolactic acid by means of alcoholic potassium hydroxide! Glycidic 
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acid, separated from its salts by means of sulphuric acid, is a mobile li<3[uid miscible 
with water, alcohol, and ether. It is very volatile and has a penetrating odour. 
The free acid and its salts are not coloured red by iron sulphate solutions (dis- 
tinction from isomeric pyroracemic acid). It combines with the halogen acids to 
jS-halogen lactic acids, and with water, either on boiling or on standing, it yields 
glyceric acid. Its ethyl ester, m.p. 162°, obtained from the silver salt with ethyl 
iodide, resembles malonic ester in its odour (Ber. 21, 2053). 


^“Methylglycidic acid, CHg'UH'CH’COOH, is known in two modifications. 
The one, m.p. 84°, mutes with water to ajS-dihydroxybutyric acid. The other 
modification is a liquid. 

O 

Epihydrincarhoxylic acid, CHa-CH-CHg-COOH, m.p. 225°, is obtained from its 
nitrile, which results from the action of KCN on epichlorohydrin (p. 587). 

0 L‘Methylglycidic acid consists of shining leaflets. The ethyl ester, b.p. 162- 
164° (Ber. 21, 2054). 

a^’Dimethylglycidic acid, m.p. 62° (Ann. 257, 128). 

fip-Dimel^lglycidic acid is formed as a syrup from a-chloro-jS-hydroxy- 
isovaleric acid (Ann. 292 , 282) ; ethyl ester, b.p. 181°, is obtained in good yield 
from acetone, chloroacetic ester and sodium amide (see above) (Ber. 38, 707). 
^^-methylethylglycidic ester, b.p. 198° ; pp-diethylglycidic ester, b.p. 212° ; and 
pp-trimethylglycidic ester, b.p. 81°/20 nun., etc., are formed according to method 2. 

Hydroxylactones are formed from those dihydroxy-acids in which the 
hydroxyl group stands in the y-position to the carboxyl group. Thus, a-hydroxy- 
y-laCtones are obtained by hydrolysis of cyanohydrins of the aldols (p. 390) : 

CH3CH(0H)CH2CH0H CEaCH'CHaCHOH 

* -dio 


CN 

H0CH2C(CH8)2CH0H 

I 

CN 


o- 

CH2C(CH8)2CH0H 

1 I 

CO 


0 


These hydroxylactones are readily caused by acids to undergo isomeric 
transformation accompanied by wandering of the OH-group ; in the case of 
a-hydroxyvalerolactone (see above), the OH-group apparently migrates first to 
the j3- and finally to the y-position, forming Isevulinie acid (p. 477) (Ann. 334, 68 : 
0. 1904, 1. 217). On the other hand, the cyanohydrin of jS-chloro-diethyl-ketone 
(p. 2 72) and alkali yi eld salts of ethyltrimethylene oxide carboxylic acid : 

CsH,c!(COOH) CH.-GHji, b.p. 136716 mm. (C. 1908, I. 1615). 

HOOHjCH 0 

h-Hydroxymlerolactone, I I , b.p. 300-301°, results from 

CHjjCHa— CO 

the action of potassium permanganate on allyl acetic acid (Ann. 268, 61). 
Hydroxycaprolactone and hydroxyiBocaprolactone, CgH^oOs, are colourless liquids, 
into which the oxidation products of hydrosorbio acid by means of tKMn04 
rapidly pass on liberati on from their barium salts (Ann. 268, 34). Hydroxyiso- 

heptolactone, (C H3)2CH-(!>H’OH(OH)- CH2*CO(^, m.p. 112°. Hydroxyhooctolacione, 

(CH,)jCH-CHj-£^(OH)CHsCO-(!), m.p. 33° (Aim. 283, 278, 291). 


Monoamino-hydroxy-carboxylic Acids 

The following sections containing the hydroxy-amino, thio-amino, and di- 
amino-carboxylic acids embrace a number of substances which, with the simple 
amino-acids (pp. 434-445), command the greatest interest, as constituting the 
decomposition products of the proteins — serine, cystine, ornithine, arginine, 
proline, lysine. 

PL-Aminohydracrylic acid, a-amino-^-hydroxy •propionic acid, HO‘CH2CH- 
(NH2)C00H, m.p. 246° (decamp.), has been named serine, because it was first 
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obtained from sericin (siik-gum). It is also obtained from silk*fibroin, horn, 
gelatin, casein, etc., by hydrolysis with dilute acids. It was first synthesized 
from glycolyl aldehyde (p. 389), ammonia, hydrocyanic acid, and hydrochloric 
acid (Ber- 35 , 3794) ; also, by the following steps : formic ester and hippurio 
ester were condensed by sodium ethoxide to formylhippuric ester, CHO-CH- 
(NHCOCgHglCOOCoHs (p. 599), which, on reduction, yields henzoylserine estefj 
H0CH2CH(NHC0C6H5)C00C2H5, m.p. 80° ; this, on hydrolysis, gives serine 
(Ann. 337, 222). The best s3mthesis consists in preparing 
propionic acid, C2H50CH2*CH(NH2)C00H, m.p. 256° (decomp.), from ethoxy- 
acetaldehyde (p. 390), NHg, HCN, and HCl, and decomposing this with hydro- 
bromic acid (Ber. 39, 2644). 

Serine forms hard crystals, soluble in 24 parts of water at 20°, but insoluble 
in alcohol and ether. As an amino -acid it reacts neutral, but fonns salts with 
bases and acids. The taste is sweet, like glycocoll. ^ 

Both synthetic and natural serine are optically inactive on account of racemiza- 
tion ; resolution can be effected through the quinine salts of the -p-nitrobenzoyU 
derivative into d- and l-sen>ie, [ocfo = i 6*8°, m.p. 228° (decomp.), soluble in 
3-4 parts of water. d-Serine tastes sweeter than Z-serine (Ber. 38, 2942). 

Serine methyl ester, a syrup, loses alcohol spontaneously and passes into a 
diketo-piperazine (p. 446) : 

CHjOH-CH<^^>CHCH,OH 

of which the Z-form [a]^o = — 67*46° appears to be identical with a decom- 
position product of silk-fibroin. 

Nitrous acid converts serine into glyceric acid. PCI5 changes serine ester into 
)3-chloro-a-amino-propionic acid, which, on reduction, yields alanine ; ^-serine 
gives 2-(-h)-alanine (p. 443), 

P-Naphthale7iesulphoseri‘ne, m.p. 214°. Serine phenyl isocyanate compound, 
m.p. 169°. 

Amino -lactic acid, a-hydroqify-^-aminopropionic acid, isosenne, HaNCH^- 
CH(OH)COOH, m.p. 248° (decomp.), is prepared from jS-chlorolactie acid (p. 421) 
or from glycidic acid (p. 594), and NHg ; from ajS-diaminopropionic acid, hydro- 
chloride, and silver nitrite (Ber. 37, 336, 343, 1278) ; also by reduction of the 
addition product of acrylic acid and nitrous acid (C. 1903, II. 343) ; isosenne 
ethyl ester, m.p. 78° ; methyl ester, a syrup, passes easily into the dipeptide iso- 
seryl i^serine ester. fsoSerine ester hydrochloride yields glyceric ester with 
sodium nitrite. Reduction produces jS-alanine (p. 448) (Ber. 37, 1277 : 38, 4171), 
oL^Amino-^-hydroxybutyric acid, CH3CH{OH)-CH(NH2)COOH, m.p. 230° 
(decomp.), is obtained by reduction of the addition product of oro tonic acid and 
nitrous acid. HI and phosphorus yield a-aminobutyric acid (C. 1903, II. 554). 

tx-Amino-y-hydroxybiityric acid, HOCH2*CH2CH(NH2)COOH, m.p. 207° 
(indefinite), is obtained by the decomposition of jS-hydroxy-ethyl-phthalimido- 
malonic mono-ester lactone, a product of ethylene bromide and sodium phthal- 
imidomalonic ester (C. 1908, II. 683). The hydrobromide of the lactone (for- 
mula, see below) is obtained by heating together hydrobromic acid and y-phemxy- 
a-aminobntyric acid, m.p. 233° (decomp.). This substance is prepared by acting 
with ammonia on phenoxybromobutyric acid, the result of brominating and then 
decomposing phenoxyethylmalonic acid. The oily lactone changes spon- 
taneously into di-P-hydroxyethyldiketojpiperazine, m.p. 192° (Ber. 40, 106) : 

26 cHaCHjCH<^^^^ ► HOCH,CH,CH<^g^Q>CH-CH,CHjOH. 

NHg 

oL-Amim-y-hydroxyyaleric acid, CH3CH(OH)CH2CH{NH2)COOH, m.p. 212° 
with decomposition, is prepared from aldol, NHg, HCN, and HCl. Like the 
previous substance, it readily passes into the aminolactone, b.p. 124°/13 mm,, 
which spontaneously changes into the dipeptide anhydride, m.p. 224°. Reduction 
with HI yields a-amino-n-valeric acid (Ber. 35, 3797). 

h-Amino-y-hydroxy valeric acid, NH2GH2CH(OH)CH2CH2COOH, is formed 
from allylacetic acid dibromide (Ber. 32, 2682). 

CL-Amino-h'hydroxyvaleric acid, HOCHa*CH2CHgCH(NH2)COOH, m.p. 224° 
(decomp.), is prepared from phthalimidobromopropvlmalonic ester, BrCHoCH-- 
CH2C(C02R)2N(C0)2CeH4 (C. 1905, 11. 398). 
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Aminothlolcarboxylic Acids 

GysteinBf HS'CH 2 *CH(NH 2 )’COOH, the sulphur analogue of serine, very readily 
passes by oxidation in the air to disulphide cystine (•S*CH 2 -CH{NH 2 )-COOH)a. 
A derivative of cysteine of physiological importance is the tripeptide glutathione, 
first isolated by Hopkins in 1921 (Biochem. J. 15, 286). It is of importance 
in many cellular oxidation processes. It was at first regarded as a dipeptide 
of cystine and glutamic acid, but more recent work (J. Biol. Chem. 72, 147 : 
84, 269 : 87, 55 ; 88, 409) shows that it is a tripeptide containing glycine, 
of the constitution 

HOCO-CH(NH2)-CHa-CHa-CO-NH-CH(CH2‘SH)*CO*NH*CH2*COOH 

Glutamic acid. Cysteine. Glycine. 

The disulphide, cystine, HOOC‘CH(NH 2 )CH 2 S-SCH 2 CH(NH 2 )COOH, decom- 
poses at 258-261°. The Icevorotatory form of this substance is obtained from 
many proteins, especially from hair, horn, egg-shells. It is the chief sulphur 
compound of the proteins. It occurs also in the calculi of patients with cystinuria 
(C. 1905, IT. 1237). Cystine and cysteine yield a black precipitate of PbS with 
lead acetate solution and give a purple colour with sodium nitroprusside and 
alkali. The action of nitrous and hydrochloric acids changes cystine into a-chloro - 
dithiolactic acid, (SCH 2 CHCl*COOH) 2 , which yields jS-dithiopropionic acid, 
(SCHaCH 2 COOH) 2 , on reduction. Bromine water oxidizes it to cysteinic acid, 
S 03 H*CH 2 CH(NH 2 )C 00 H, which loses COg and changes into taurine, SOgH*- 
CH 2 CH 2 NH 2 (p. 376) (C. 1902, II. 1360). 

Cysteine and cystine are closely connected with serine ; (1) when jS-chloro-a- 
aminopropionic acid (above) is heated with Ba{SH) 2 , it yields first cysteine and 
then cystine ; (2) the synthetic benzoyl serine ester (p. 596), treated with PaSg 
gives benzoyl cysteine eater, HSCH 2 CH(NHCOC 2 H 5 )COOC 2 H 5 , m.p. 158°, which 
on hydrolysis is changed to i-cysteine and ^'-cystine (Ann. 337, 222 : Ber. 40, 
3717). Z-Serine produces the natural lmvorotaU>ry cystine [a]^ = — 224°. 
Cystine forms crystals which dissolve with difficulty in water. 

Salts (C. 1905, II. 220) ; dimethyl ester is a syrup ; hydrochloride, m.p. 173° 
(deoorap.) (C. 1905, II. 1237). 

a-Thio-P~aminopropionic acid, isocysteine, NH 2 CH 2 CH(SH)COOH, hydro- 
chloride, m.p. 141° (decomp.), is obtained from /S-alanine (p. 448) by transforma- 
tion of the ureide, hydrouracil (p. 501) — into bromohydrouracil, this into thio- 
cyanohydrouracil, and the decomposition of the latter with hydrochloric acid: 

CO NH-CHg NH 2 CH 2 

1 ! ^ 1 

NH— CO— CH-SCN COOHCHSH 

i^oCysteine is oxidized by iodine to isocystine, [SCH(CH 2 NH 2 )COOH] 2 , m.p. 155° 
(decomp.) ; and by bromine water into isocysteinic acid, H 03 S-CH(CH 2 NH 2 )- 
COOH (Ber. 38, 630). 

oL-Thio-y-aminobutyric acid and y-amino-OL-hityromlphonic acid, NH 2 CH 2 - 
CH 2 CH(S 03 H)C 00 H (Ber. 41, 513). 

y-Msth/yltkiol-a-aminobutyrio acid. Methionine, MeS*CH 2 *CH 2 *CH(NH 2 )*‘ 
COOH, is an amino acid isolated from casein by Mueller in 1923 (J. Biol. Chem. 
56 , 157) : it has m.p. 281° and [a]®® — 7*2° (probably partly racemized) : it 
has recently been synthesized by Barger and Coyne (Biochera. J. 22, 1417). 

Diaminomonocarboxylic Acids 

Diaminopropionic acid, CH2NH2*CHNH2'C02H, is obtained from aj8-dibromo- 
propionic acid by means of aqueous ammonia ; also by the decomposition of 
hippuryl aspartic acid (p. 610). Optical resolution has been performed by means 
of its salts with d-camphorsulphonic acid (Vol. II) ; and through the quinidine 
salts of dibenzoyldiaminopropionic acid (C. 1906, II. 1119: Ber. 39, 2950). 
The dextrorotatory {hydrochloride, fa]i> 4- 25*09°, m.p. 245° (decomp.) Ber. 40, 
1068) compound reacts with 1 molecule of HNO 2 to form iaoserine (p. 596), and 
with 2 molecules of HNO 2 to produce Z-glyceric acid. Diamiimpropionic methyl 
ester is changed by heat into the ester of diaminopropionyldiaminopropionic acid, 
one of the dipeptides (Ber. 38, 4173). 

ct^-Diaminobtdyric acid, CHaCH{NH 2 )*OH(NH 2 )COOH, is formed from 
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ajS-dibroniobutyrie acid and ammonia, together with a hydroxyaminobutyric 
acid (C. 1906, II. 764). 

ay-Diaminohutyric nrM, NH2CH2CH2CH(NH2)COOH, is obtained from 
phthalimidoethylmalonic ester by bromination, hydrolysis of the phthalimido- 
a-bromobutyric acid formed, treatment with NH3, and final decomposition ; 
dibenzoyl derivative, m.p. 201° (Ber. 34, 2900). 

oih-Diamimvaleric acid, NH2CH2CH2CH2CH(NH2)COOH, is synthotica-lly 
prepared from 6-phthalimido-a-bromo valeric acid, and from the condensation 
product of phthalimidopropyl bromide with sodium phthalimidomalonic ester 
(C. 1 903, II. 34). It is the optically inactive form of the dextrorotatory ornithinp. 
This body is produced, together with urea by the action of barium hydroxide 
solution, on arginine, (x.’aminO'Z-guanidinomleric acid, NH2(NH)C-NHCH2- 
CH2CH2CH(NH2)C00H, a substance foimd among the decomposition products 
of many animal and vegetable proteins (Ber. 34, 3236 : 38, 4187). (Conversion 
of arginine into ornithine, see Z. physiol. Chem. 159, 179.) Permanganate 
converts arginine into y-guanidinobutyric acid (C. 1902, II. 200). It is prepared 
synthetically from cyanamide, CN-NHg, and ornithine (Ber. 34, 454 : C. 1902, 1. 
300). The dibenzoyl derivative of ornithine, orniihuric acid, m.p. 185°, occurs 
in the urine of hens when fed with benzoic acid (Ber. 31, 3183). 

CH2-CH(COOH)v. 

a-PyrroIidinecarboocylic acid, proline, j is the imine of 

aS-diaminovaleric acid. It results when casein, gelatin, and other proteins 
are treated with hydrochloric acid. It is related to the coca-alkaloids (Vol. III). 
It can be synthetically prepared in several ways, more particularly from aS-di- 
bromovaleric acid and ammonia ; 6ind from S-bromo-a-aminovaleric acid, the 
decomposition product of bromopropyl phthalimidomalonic ester (C. 1908, 
II. 680 : Ber. 33, 1160 : 34, 458 : 37, 3071 : C. 1902, II. 284). 

<X€-Dia7ninocaproic acid, NH2CH2CH2CH2CH2CH(NH2)COOH, is prepared 
synthetically by the reduction of a-hydroximido-y-cyanovaleric acid by means 
of sodium and alcohol. This product is the inactive form of the optically active 
lysine, which is formed in the decomposition of casein and other proteins. Pan- 
creatic decomposition converts lysine into pentamethylene diamine (cadaverine, 
p. 384) ; and ornithine into tetramethylene diamine (putrescine, p. 385) (Ber. 32, 
3542 : C. 1902, 1. 985). Permanganate oxidizes lysine into glutaric acid, together 
with hydrocyanic and oxalic acids (Ber. 35, 3401). 

Like the simple amino -acids, the hydroxy amino-, thioamino-, and diamino - 
carboxylic acids are connected with one another and with the mono-amino acids 
in so far that through their amides they -go to form protein-like bodies, such as 
di- and poly-peptides and dipeptide aiihydrides (diketopiperazines, p. 446). 
Therefore, in general, similar methods of formation can be employed in both 
eases : diglycyicystine, [NH2CH2CO]SrHCH(COOH)CH2S}a, is prepared from bis- 
chloroacetyl cystine and ammonia; leucylproline, from hromofsocaproyl pro- 
line ; anhydride, m.p. 126-129°. Prolylalanine, from aS-dibromovalerylalan- 

/CHa-N— COCH2 

I \ . 

2-CH— CO-NH 

m.p. 183°, is obtained by tryptic digestion of gelatin (c/. Ber. 37, 3071, 4575 : 
38, 4173 : 39, 2060, etc.). 

Dihydroxyolefine Monocarboxylic Acids 

The y-lactoncs of these bodies are the tetronio acid and mono -alkyl totroiiic 
acids. These substances can also be looked on as being the aci-forms of jS-keto- 
y-iaotonos. They are, therefore, considered under the heading of hydroxy- 
ketone-carboxylic acids (below) according to the principle set down on p. 453. 


ine ; anhydride, m.p A71-12V 


Prolylglycine anhydride, 

\CH 


11, 12, ALDO-HYDROXY-CARBOXYLIC ACIDS AND 
HYDROXY-KETO^CARBOXYLIC ACIDS 

Hydroucypyroracemic acid, CHgOH'CO'COOH, or tartronic acid semi-aldehyde, 
CHO'CH(OH)COOH, is^ formed when nitrocellulose (collodion cotton) is treated 
with sodium hydroxide solution. Reduction converts it into (-{-) -glyceric acid ; 
hydrocyanic and hydrochloric acids produce and some moso -tartaric acid (C. 
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1905, I. 1088). Formyl- or hydroxymethylene hippuric ester^ OCH*CH(NH- 
C0C6Hfi)C02R, or HOCH : C(NHC0CeH5)C02ll, m.p. 128'’ (c/. p. 596). Tri- 
bromoyn ethyl ketof, CHgOH'CO'CBrs, decomposes at 174® {see Bromotetronic acid, 
below). 

The following substances are derived from a-hydroxyacetoacetic acid, 
CH3C0CH(0H)C()0H, and y-hydroxyac^toacetic acid, HOCHg-COCHaCOOH, 
or from their enols both of which are unknown in the simple form. 

OL-Thioacetoacetic cA-«cr, S[CH(C0CHg)C02C2H5]2, fceto-form, m.p. 76®, is 
prepared by the action of sulphur chloride or thionyl chloride on acetoacetio ester. 
The solid keto-iona is converted into the oily eml-iorm by the infiuenoe of 
solvents (alcohol, benzene), or a trace of alkali j soda causes the re-production 
of the keto-body (Ber. 39, 3255). Benzene-sulphonyl-tMoacetoacetic esters CeHg- 
S02*SCH(C0CH3)C02C2H5, m.p. 55®, is prepared from a-chloroacetoacetic ester 
and benzene thiosulphonate (J. pr. Chem. [2] 70, 375). 

aL-Amim>acetoacetic acid, CH8C0*CH(NH2)C00C2H5, is obtained by the 
reduction of isonitrosoacetoaoetic ester (p. 602) by zinc and sulphuric acid, 
together with dimethylpyrazinedicarboxyUc ester (Vol. II). Aminoacetoacetic 
ester reacts with nitrous acid to form diazoacetoacetic ester, CB.^‘CO'C { : Ng)*- 
COgEt, an oil, b.p. 102-104®/12 mm. Alkalis convert it into acetic and diazo- 
acetic acids (p. 458). When boiled with water or superheated to above 110®, it 
breaks down into nitrogen and methylmalonic mono-ester (L. Wol^, Ann. 
325, 129), a decomposition which may be explained as follows (Schroeter) ; 

CH3COC(C02R)< II ^ Ng + 0H3C0C{C02R)< 

H,0 

CH3C(C02R)=C0 CH8CH(CO2R)C0aH. 

Ammonia or amines convert the diazo -anhydride into triazoles : HgS produces 
thiodiazoles (Vol. III). j8-Diketones react with it as with aromatic (hazo-bodie... 
(Vol. II), forming azo-compoimds, such as hydrazones, which easily condense 
further to pyrazoles. 

Lactones of the y-hydroxyacetoacetic acids (pp. 476, above) are tetronic acid 
and the alkyl tetronic acids. Substances of this class were obtained by Demar^y 
from y-mono-bromo -substituted mono -alkyl acetoacetic esters by alcoholic 
potassium hydroxide, and were named by him tetrinic acid, pentinic acid, etc. 
Michael recognized in tetrinic acid a keto-lactone (formula 1). L, Wolff examined 
the parent substance of these compounds and called it tetronic acid, and derived 
Demargay^s acids from it under the names of a-methyl-, a-ethyl tetronic acid, etc. 
(Ann. 291 , 226). The keto- and enol -formula (A and B) are applicable to tetronic 
acid and a-methyltetronic acid (tetrinic acid) : 

COCHax C{OH)-CHa\ 

A. 1 >0 B. II >0 

CHjCH • CO/ CH3C CO / 

Conrad and Cast favour the hydroxyl formula, through indirect evidence, 
namely ; that they prepared the lactone of y-hydroxydialkylaoetoacetic acids 
from dialkylacetoacetio esters through the y-bromo ester, and they showed 
that these true keto -lactones differ throughout in boiling-point and chemical 
behaviour from tetronic acid and the a-al^l tetronic acids. 

Tetronic acid, (1) (below) is prepared from synthetic tetronic carboxylic ester, 
by hydrolysis, and elimination of CO2 (Ber. 36, 471) ; also by reduction by sodium 
amalgam of a-bromoietronic acid, (2) the decomposition product of ay-dibromo- 
acetoacetic ester. Dibromotetronic acid, (3) is obtained from bromotetronic acid 
and bromine. It slowly decomposes into bromotetronic acid and tribromo- 
methyl-ketol (above), with elimination of COg. 


C(0H)CH2V 

-CO/ 

( 1 ) 


CH- 


C(0H)CH2\ 

11 >0 

CBr 0/ 

(2) 


-CHa' 




00 - 

I y 

CBrj— CO/ 

(3) 


Tetrinic acid, a-methyUetronic acid. 


C(OH)-CH. 


CHaCCO- 


>• 


m.p. 189®, b.p. 


with partial decomposition, results on heating y-bromomethylaoetoacetic ester 
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or by treating it with. alcoholic potassium hydroxide. Heated with water to 
200®, it breaks down into ethyl ketol (p. 394) and COg, and when it is boiled 
with barium hydroxide it yields glycoliic acid and propionic acid. Chromic acid 
oxidizes it to diacetyl and COg (Ann. 288, 1). 

Pmtinic acidf cL-ethyltetronic acid, m.p. 128°. Hexinic acid, oi‘propyltetronic 
acid, m.p. 126°. Heptinic acid, (x-isobiUyltetronic acid, m.p. 150°. 

The tertiary methinic group of the tetronic acid (formula 1, above) and the 
methylene group in the diketone formula (A. above) react most actively with 
other substances : iodine produces directly iodotetronic acid ; fuming sulphiiric 
gives rise to sulphotetronic acid. Nitrous acid gives oximinotetronic acid, oximino- 
Jcetobutyrolactone, (C4H2O3) : NOH, m.p. 136° (decomp.), which on oxidation 
yields nitrotctronic acid, (C4H2O3) : NOOH, m.p. 195° (decomp.) ; this substance 
can also be prepared directly from tetronic acid and nitric acid. Reduction of the 
nitro compound produces amimtetronic acid (4), from which nitrous acid pro- 
duces diazotetronic anhydride (5), m.p. 93°. It is stable towards acids, but with 
alkalis generates nitrogen and forms glycolloglycollic acid (6), m.p. 100° (p. 420) : 

/OHgC(OH) /CHgC— 0\ /CHgCOOH 

0/ 11 > 0<; II >N y 0< 

\CO • C(NHa) \C0 • C— NCO-CHgOH 

(4) (5) (6) 

Tetronic acid reacts with diazobenzene salts to form diketobutyrolactone 
phmylhydrazone, (C4H2O3) : NNHCgHg, which is isomerized by alkalis to salts 
of benzene azotetronic acid. a-Methyltetronic acid is converted by diazobenzene 
salts into glycolylpyroracemic acid pkenylhydrazone, with rupture of the ring : 

^'^^C0-C(CH3) J NNHCsHg. 

Aldehydes and ketones unite very readily with two molecules of tetronic acid 
to form alkylidem bis-tetronic acids, (C4H303)2CRRi, substances from which 
further condensation produces a series of interesting cyclic compounds (see Vol. 
II) (Ann. 312, 119; 322, 351). 

Ethoxyacetoacetic ester, (C3H50)CH3C0CHgC00CgH5 or CHa-CO-CHiOCaHg)- 
C02C2H5, b.p. 106°/44 mm., is formed by reduction of ethoxychloroacetoacetic 
ester, the condensation product of chloroacetio ester and sodium (Ann. 269, 15). 

y-Methoxydiimthylacetoacetic ester, (CH3O)0H2-CO •C(CH3)2COaC2H5, m.p. 
70°, b.p. 241°, is prepared from y-bromodimethylacetoacetic ester and sodium 
methoxide in methyl alcohol (Ber, 30, 856). 

y'Ac€toxy-%'aceiylbutyric ester, C2H3O OCHa-CH2CH(COCH3)C02CH3, b.p. 
160-153°/12 mm., is formed from glycol bromoacetin (p. 373) and sodium aceto- 
acetic ester (C. 1904, II. 586). 

a-Hydroxylwvulinic acid, CH3CO-CH2CH(OH)C02H, m.p. 103°, and 8- 
hydroxylmvuUnic acid, CHsC0CH(0H)CH2C02H, an oil, are prepared from the 
corresponding bromolsevulinic acids (Ann. 264, 259). Chloral acetone (p. 394) 
may be considered as being the orthotrichloride of the first of these acids. 

cC'Ami7io-o:-methyU(BVulmic acid ; the nitrUe (formula, see below), b.p. 
108°/17 mm., is formed from acetonyla.cetone (p. 405) and ammonium cyanide. 
It readily loses water and passes into a cyclic imine or pyrroline derivative 
(Ber. 40, 2886) ; 


CH2COCH3 CH2-C(CH3)(NH2)CN CHa— C(CH3)^CN 

I >. j ^ I >NH. 

CH2COCH3 CH2COCH3 CH=C(CH3) / 

Ketohydroxystearic acid, CH3[CH2]5CH(OH)CH2CH2CO[CH2]yCOOH, m.p. 
84 , IS obtained from ricinostearolic acid (jp. 354). An isomeric ketohydroxy- 
stearic acid, m.p. 64°, is obtained by oxidizing oleic acid with permanganate in 
neutral solution (Ber. 36, 2657), 


13. ALDEHYDOKETONE CARBOXYLIC ACIDS 

Qlyoxalmrboxylic acid, mesoxalic semialdehyde, CHO-CO-COgH, is formed by 
the oxidation of tartaric acid by chlorine in the presence of ferrous salts ; also 
from dihydroxymaleic acid (^.w.) and ferric sulphate (C. 1902, 1. 857, 978). Uric 
acid may be looked upon as the diureide of this half -aldehyde of mesoxalic acid. 
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Di-i^onitroaopro'pwnic acidy HON : CH-C (: NQH)-C02H, is the dioxime of 
glyoxylcarboxylio acid. It is obtained from dibromopyroracemic acid. It is 
known in two modifications, m.p. 143° and 172° (Ber. 25, 909). Furazan- 

carboxylic acid, ^ > ^‘P* 107°, is the anhydride of this dioxime. 

It results from the oxidation of furazanpropionic acid with KMn04. Sodium 
hydroxide causes it to rearrange itself into isonitrosocyanoacetic acid (Ann. 
260, 79 : Ber. 24, 1167). Osazone of glyoxylcarboxylio acid, CH{NNHC«H5)C- 
(NNHCgHslCOOH, m.p. 223°. 

Glyoxylpropionic acid, HCO^CO-CHaCHaCOaH, results, together with diacetyl, 
when jSS-dibromolsevulinic acid is boiled with water. It forms a yellow varnish. 
It passes into succinic acid upon oxidation. Oxime, HC(:NOH)*C(:NOH)«- 
CHa'CHa'COgH, m.p. 136°. Concentrated sulphuric acid changes it into the 

: C-CHaCH.COaH 


anhydride, furazanpropionic acid, ^ ^ 


CH 


, m.p. 86°. Sodium 


hydroxide converts this acid into cyanoximidobutyric acid (p. 623), whilst with 
potassium permanganate it yields furazancarboxylic acid. In the form of a 
keto-aldehyde (see pp. 399, 401), glyoxylpropionic acid condenses with ammonia 

and formaldehyde to a glyoxaline propionic acid, CH<f^ |1 , 

NNHCCHgCHaCOgH 

which is also produced from histidine, one of the protein decomposition bodies 
(C. 1905, II. 830 : 1908, II. 606). 

Qlyoxylv&ohutyric acid, CHQ-CO-C(CH3)2COOH, m.p. 138°, is obtained from the 


isomeric lactone, (H0)CH*C0-C(CH3)aC06, m.p. 168°, by solution in soda and 
subsequent precipitation by hydrochloric acid. 

The lactone was obtained on treating y-methoxydimethylacetoacetic ester 
with bromine, and then decomposing the monobromosubstitution product with 
water (Ber. 30, 856). 

Derivatives of an aldehydo-keto-carboxylic acid, CH0'CH2C0*C02H (or 
an unsaturated hydroxy -aldehydic acid, CHO-CH i C{OH)C02H), are probably 
exemplified by muco-hydroxy-chloric acid and muco -hydroxy -bromic acid (p. 457) 
(Am. Chem. J. 9, 148, 160). 

Formylacetoacetic acid, CHO*CH(COCH3)COOH, and in its desmotropio 
enoMovms, HOCH : ClCOCHglCOOH, and CH3C(OH) : C(CHO)C02H, is the 
hypothetical acid from which may, perhaps, be derived 

Hydroxymethyleneacetoacetic ester, HOCH=C<^q 0^^®> b.p. 95°/21 mm.. 


which is formed by the action of water on ethoxymethyleneacetoacetic ester, 

n -cj i-k r«xr n^COoCoHe, b.p. 150°/16 mm. The latter substance is obtained 
C2H5OCH - 

from orthoformic ester and acetoacetic ester by heating them with acetic anhy- 
dride (Ber. 26, 2730). Hydroxymethyleneacetoacetic ester is a strong acid (see 
hydroxymethylene acetyl acetone, p, 592) ; it is readily soluble in alkali ace- 
tates, but is insoluble in water ; copper salt, m.p. 156°. Ethoxymethylene- 
acetoacetic ester is converted by ammonia into aminomethyleneacetoacetic ester 
(CeH803)=CH*NH2, m.p. 55°, and combines with acetoacetic ester to form 
methenyl bis-acetoacetic ester, (CgHgOs) : CH(CgH903), m.p. 96°. The latter is 
converted by ammonia into lutidine dicarboxylic ester (Vol. II) ; and by sodium 
ethoxide into w-hydroxyuvitic acid {L. Claisen, Ann, 297, 14). When alkoxy- 
methyieneacetoacetic esters aro melted with sodium acetoacetic ester, two dyes 
of undetermined structure are formed — xanthopkanic acid and glaucophanic 
acid (Ber. 39, 2071). 


14. DIKETOCARBOXYLIC ACIDS 

Paraffin Diketocarboxylic Acids. — ap~Diketobutyric acid, acetylglyoxylic 
acid, CHsCO'CO'COOH. The acid is unknown in the free state, but the esters 
are obtained when acetoacetic esters are acted on by N2O3, in acetic anhydride 
and ether solution. The esters are orange-yellow, mobile liquids (c/. a-Diketones 
and a-Triketones, p. 592), which combine with water to form colourless crystalline 
hydrates : methyl ester, b.p. 65~68°/12 mm., -1- H2O, m.p. 80° ; ethyl ester. 
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b.p. TO'^/IS inm., 4* .IHgO, m.p. 148° ; isobutyl ester, b.p. 96~100°/18 ram*, 
+ JlHgO, m.p. 115-120°. 

isoNitroso-acetoacetic ester, CH 3 COC(NOH)COaR, is an intermediate product 
ill the formation of the above esters. The ethyl ester, m.p. 56°, b.p. 155”/! 5 mm., 
can be isolated by treating acetoacetic ester in acetic acid solution with ice-cold 
sodium nitrite solution ; the action of NO^ converts it into the diketobutyric 
ester (C. 1905, I. 1591 : 11. 34) : 

CH3CO hono CH3CO CO, CH3CO 

j ^ I ^ j 

EOCOCHjs ROCO-C=NOH R0C0*C=:=0 


isoNitroso -acetoacetic ester is also formed from acetylmalonic ester (p. 619) 
and nitrous acid. One molecule of hydroxylamine produces x^-di-isonitroso- 
butyric ester, CH 3 C(N 0 H)-C(NOH) 0 O 2 C 2 H 5 , m.p. 161°, which is changed by 
hydrochloric acid into isonitroso-methyl-isoxazolone (1), m.p. 159°, whilst nitric 
acid causes the formation of a peroxide (2), m.p. 92° (Ber. 28, 2683 : 38, 926) ; 
which probably has the furoxan constitution (3) : 


( 1 ) 


CH3C-C(N0H)*C0 


N- 


-0 


( 2 ) 


CHaC5- 


N-O-O-N 


CH 3 — C^C— COOH 
(3) II |>0 
N N 


Y 


P-Phenylhydrazor^, CH 3 C(NNHCeH 5 )‘C 0 *C 02 C 2 H 5 , m.p. 103°, is formed 
from diketobutyric ester and one molecule of phenylhydrazine in the cold. 
ct’Pheyiylhydrazone, CH 3 C 0 *C(NNHC 6 H 5 )C 02 C 3 H 5 , m.p. 154°, is prepared from 
sodium acetoacetic ester and diazo-benzene salts ; with phenylhydrazine it forms 
the osazone, m.p. 209° (Ann. 247, 205 : 0. 1904, 11. 588). 

Py-Diketovaleric acid, CBfiO^CO'CBi^COz'klt is unknown ; but its derivative, 
p-iaonitrosolcBimlinie add, CH 3 C 0 ‘C(N 0 H)CH 2 C 02 H, m.p. 119° (decomp.), is 
formed from aoetosuccinic ester (p. 622). When fused, it loses CO 2 and changes 
into ifionitroso -ethyl-methyl-ketone (p. 407). 

a-Diketocarboxyiic acids include also stearoxylic acid, and behenoxylic acids, 
etc., which have already been referred to (p. 352). 

6X-Diketostearic acid, m.p. 96°, is obtained from ricinostearolic acid (p. 354) 
(C. 1907, 1. 916). 

jS-Diketocarboxylic Acids, — Acetylpyroracemic ester, acetoneoxalic ester, 
Qcy'diketovaleric ester, CH.2C0'CB.fi0'C02^i^i9 is formed from one mole- 
cule of acetone, one molecule of oxalic ester, and sodium ethoxide solu- 
tion (C. 1908, I. 1379). Ferric chloride produces a dark-red colour. 
The free acid liberated from the ester condenses to « 2 /w.-hydroxytoluic 
acid, C 02 HC 5 H 3 ( 0 H)CHs (Ber. 22, 3271). Acetoneoxalic ester and phenyl- 
hydrazine form phenylpyrazolecarboxylic ester, m.p. 133° (Ann. 278, 278). With 
chloral it behaves as an a-hydroxy acid and there results acetylpyroracemic 

cMoraUde, CHj-CO-CH : C<^q^CH-CC 1„ m-p. 137“ (Ber. 31, 1305). 

Besides acetone, other ketones, such as ethyl methyl ketone, ^obutyl and 
butylmethyl ketones, react with oxalic ester and sodium alcoholate to form 
propionylpyroracemic ester, CHaCHaCO-CHaCOCOaCgHg (?), b.p. 73-78°/0‘6 mm. ; 
add, m.p. 83° (Ber. 39, 1333), isobutyrylpyroracemic ester, (CH 3 ) 2 CHCO*CH 2 - 
COCOaCgHs, and butyrylpyroracemic ester, CH3CH2CH2COCH2COCO2C2H5 
(C. 1902, n. 189 : 1903, I. 138) respectively. 

Biacylacetic Esters. — ^The hydrogen in acetoacetic ester can not only be 
replaced by alkyls, as abundantly shown above, hut also by acid radicals (c/. p. 
474), by acting with acid chlorides on the sodium compound suspended in ether. 

(XrAcetylacetoaceiic ester, diacetylacetic ester, (CH8CO)2CHCOaC2H5, b.p, 
123°/50 mm., is prepared by the action of acetyl chloride as indicated above ; 
by the tran^ormation of the isomeric j 8 -acetoxycrotonic ester by means of 
KjCOg, or by heat (p. 474) ; by the action of alcohol on the reaction product of 
AICI 3 and acetyl chloride, (CH 2 C 0 ) 2 CH-CCl 20 AlCl 2 (p, 403) {Qustavson, Ber. 21, 
R, 252). The anilide, (CH 8 CO)aCH’COOT[C 3 H 5 , m.p. 119°, results from the union 
of diaeetyl methane with phenyl isocyanate, and a trace of alkali (Ber. 37, 
4627 ; 38, 22), The diacetoacetie ester, like acetoacetic ester itself, forms 
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metallic derivatives. Water at ordinary temperatures slowly converts it into 
acetic acid and acetoacetic ester : sodium ethoxide causes the displacement of 
the acetyl group with the formation of acetic ester and sodium acetoaetic ester. 
Pyridine and acetyl chloride form an O-acetate, CHgClOCOCHg) : CiCOCHglCOa- 
CgHg, b.p. 143®/10 mm. (Ber. 33, 1245). CyaTwacetylacetone, see Acetyl acetone 
(p. 403). Methyldiaceto -acetic ester and ethyldiacetoacetic ester are volatile only 
under reduced pressure. 

Diacylacetoacetic esters containing two different acid radicals can be decom- 
posed in three ways (c/. pp. 258, 403, 471). When such an ester is treated with 
water at 148-150®, there are formed diacylmethanes, COg, and alcohol ; am- 
monia or fixed alkali in the cold produces mono-acyl-acetic ester and acetic 
acid ; heated with hydrochloric at 130—140® it breaks down into alkyl methyl 
ketone, COg, acetic acid, and alcohol (C. 1903, I. 225) : 




RCOCHgCOCHg -f COg -f CgHgOH 
RCOCHgCOaCgHs + CHgCOOH 
RCOCHg -f COg + CsHsOH+CHgCOgH. 


Alkyl iodides react with sodium diacylacetic esters and form acylalkylacetic 
esters by replacement of the acetyl group (C. 1904, II. 25). 

Propionylacetoacetic ester, C2H5C0CH(C0CH3)C02C2H5, b.p. lll®/20 mm.; 
copper salt, m.p. 89°. n-Butyrylacetoacetic methyl ester, b.p. 105°/14 mm. iso- 
Butyrylacetoacetio ester, b.p. 114°/15 mm. Gaproylacetoacetic ester, b.p. 130°/10 
mm. Butyryl iaobutyrylacetic ester, CH3CH2CHaC0CH[C0CH(CH3)2]C02CaH5, 
b.p. 125®/18 mm. 

pP-Diacetopropionic ester, (CH3C0)2CHCH2C02C2H5, b.p. 147°/24 mm., 
pp-diacetoisobutyric ester, (CH3C0)2CHCH(CH3)C02C2H5, b.p. 150°/33 mm., 
yy-diacetobutyric methyl ester, (CH3C0)2CHCH2CH2C02CH3, b.p. 161°/24 mm., 
are formed from sodium acetyl acetone and chloroacetic ester, a-bromopropionic 
ester, and j8-bromopropionic ester, respectively. Sodium alcoholate decomposes 
diacetopropionic ester into acetic ester and Isevulinio ester ; sodium alcoholate 
and iodomethane break it down into acetic ester and j8-methyl Isevulinio ester. 
Diacetobutyrio ester undergoes simfiar changes (C. 1902, 11. 345). 

y-Acetylacetoacetic acid, triacetic acid, is prepared in the form of its lactone, 

I I 

CH3C : CHCO'CHaCOO, by heating dehydracetic acid (q-v.) with sulphuric acid 
(Ber. 34, R, 857). When heated with acetic anhydride and sodium acetate it 
is then reconverted into dehydracetic acid (Ber. 37, 338 : C. 1906, 1. 348 ; 1906, 
11. 1044). 

y-Acetyldimethylaceioacetic methyl ester, a-dimethyltriacetic ester, CH5CO*- 
CH2'C0C(CH3)2C02CH3, is formed, together with ^^obutyric ester, from dimethyl- 
acetoacetic methyl ester and sodium at 115-125® (Ber. 31, 1339). 

y-Acetyl-oL-dimethylacetoacetic ester is similarly formed from diethyl aceto- 
acetic ester and sodium ethoxide (Ber. 33, 2683). 


y-Diketocarboxylic Acids. — Acetonylacetoacetic ester, ccp-diacetopropionic 
ester, CH3COCHa*CH(COCH3)COaC2H5, is formed from chloroacetone and sodium 
acetoacetic ester. Fuming hydrochloric acid turns it into pyrotritaric ester 
(Ber. 17, 2759). When heated with water to 160° the ester yields acetonyl 
acetone (p. 405). 

AcetonyllcevuUnic add, CHgCOCHgCHgCOCHa'CHaCOgH, m.p. 75°, is formed 
from furfuracetone (Vol. II) when heated with hydrochloric acid (Ber. 32, 
1176). 

Unsaturated diketocarboxylic acids, p-mesityl oxide oxalic acid, (CHa)^- 
C ; CH'CO'CHa'CO'COgH, m.p. 166® (decomp.). Potassium hydroxide liberates 
it from either its ethyl ester, m.p. 59®, b.p. 143°/11 mm., or its methyl ester, m.p. 
67®. On allowing sodium in ether to act on moleculsu: quantities of mesityl oxide 
and oxalic ester, then acidifying with dilute sulphuric acid and distilling, a 
mixture of a- and j3-mesityl oxide oxalic esters results. It can be separated by 
means of a sodium carbonate solution, in which the a-ester alone is soluble. 
Ferric chloride turns this a blood-red. 

a- or oxii-Mesityl oxide oxalic ethyl ester, MogC : CH*CO*CH : G(0H)*C02Et, 
m.p. 21®, gives a blood-red coloration with ferric chloride. Potassium hydroxide 
solution liberates the corresponding add, m.p. 92° (Ann. 291, 111, 137). The 
a-acid in alcoholic solution (more slowly in ether) passes into the jS-modification. 
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15. MONOHYDROXY-DICARBOXYLIC ACIDS 
A. MONOHYDROXY-PARAFFIN DICARBOXYLIC ACIDS 

CnH2n-l(0H)(G02H)g 

Numerous saturated monocarboxylic acids are known : thus, 
the hydroxymalonic acid group corresponds with the malonic acid 
group, hydroxysuccinic acid group with the succinic acid group, 
hydroxyglutaric acid group with the glutaric acid group, etc. 

There are many representatives of these acids in which the hydroxyl 
group occupied the y-position with reference to the carboxyl group, 
and these acids like the y-hydroxymonocarboxylic acids, when 
separated from their salts, readily part with water and become lac- 
tones. In general, the alcoholic hydroxyl group is introduced into 
the dibasic acids, just as it is done in the case of the monobasic acids. 
The formation of the alkylparaconic acids, which are y-lactone acids 
(p. 612), by the condensation of aldehydes with succinic acid and 
alkylsuccinic acids (p. 547), is worthy of note. 

Hydroxymalonic Acid Group 

Tartronic acid, hydroxyrmhnic acid [propanol diacid], CH(OH)- 
(C00H)2, is produced: (1) From glycerol by oxidation with potas- 
sium permanganate ; (2) from chloro- and bromo-malonic acid by the 
action of silver oxide or by hydrolysis of their esters with alkalis ; 
(3) from trichlorolactic acid when the latter is digested with alkalis 
(Ber. 18, 754, 2852) ; (4) from dibromopyroracemic acid when digested 
with barium hydroxide solution ; (5) from mesoxalic acid (p. 617) 
by the action of sodium amalgam. (6) Nucleus synthesis : from 
glyoxylic acid (p. 455) by the action of HNC and hydrochloric acid, 
(7) by the spontaneous decomposition of nitrotartaric acid and of 
^hydroxytartaric acid. ' It can be conveniently prepared from tartaric 
acid by allowing it to remain in contact with nitric acid and ‘P2O5 
(Ann. 416, 233). 

Its formation from nitrotartaric acid, described in 1854 by Des- 
saignes, has given it the name tartronic acid. 

Tartronic acid is easily soluble in water, alcohol, and ether, and 
crystallizes in large prisms, m.p. 156-158° (Ann. 416, 233). On 
melting it is decomposed into carbon dioxide and polyglycollide, 
(CaHsOaja: (p. 420) (Ber. 18, 756). 

The calcium salt, C3H2p5Ca, and barium salt, CgHaOsBa -f 2H2O, dissolve 
with difficulty in water, and are obtained as crystalline precipitates. 

Ethyl ester, CH(0H)(C02C2H5)2, b.p. 222-225° (Ber. 18, 2853) ; acetyl deriva- 
tive, b.p. 158-163°/62 mm. (Ber. 24, 2997). 

Ethos^mahnic acid, C2H50-CH(C02H)2, m.p. 124° ; ethyl ester is formed from 
ethUxy acetic ester (q.v.). 

Chloral- and bromal-cyanohydrins (p. 433) and trichlorolactic acid (p, 421) 
may be looked on as being derivatives of tartronic acid. See also Chloro- and 
Bromo-malonic ester (p. 544). 

Alkyltartronic acids. — Meikyltartronic acid, isomalic acid, oL-hydroxyiBO- 
succinic acid, CH3C(OH)(C02H)2, is obtained (1) by the action of silver oxide 
on bromoisosuccinic acid ; (2) when hydrocyanic acid acts on pyroracemic 
acid ; pyroracemic ester and hydrocyanic acid produce the nitrile ester, 
CH3C(0H)(CN)C02C2H5, m.p. 105°/19 mm., which is converted on hydrolysis to 
isomalic acid (C. 1899, I. 1206 : Ber. 39 , 1868) ; (3) diacetyl cyanide (p. 464), 
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the acetate of methyltartrodinitrile, CH 3 C(OCOCH 3 )(CN) 2 , is hydrolysed by 
fuming hydrochloric acid to methyltartronic acid (Ber. 26, R. 7 : 27, R. 510). 
The acid breaks down into COg and lactic acid when it is heated to 140°. 

Ethyltartronic acid, C2H5C(0H)(C02H)2, m.p. 98°, is formed (1) on boiling 
ethyl chloromalonic ester with barium hydroxide solution (p. 544) ; (2) from 
dipropionyl cyanide (p. 465) ; (3) by the action of ethyl iodide on sodium 
acetotartronic ester (Ber. 24, 2999). When heated above its melting point it 
breaks down into CO^ and a-hydroxybutyric acid. 

Propyltartronic acid, CH3CH2CH2*C(OH)(COaH)2 + HgO, m.p. 52-56°, and 
isopropyltartronic acid, decomposes at 149°, are formed by the hydrolysis of 
dibutyryl and dmobutyryl dicyanide (p. 465) (Ber. 28, R. 295). 

(X’AmiTioisomccinic acid, CH 3 -C(NH 2 )(COOH) 2 , results when pyroracemic acid 
is acted on with HCN and alcoholic ammonia (Ber. 20, R. 507). 

p-Hydroxyisosuccinic acid, CH20H*CH(C02H)2, a syrup, is produced by 
hydrolysis of the reaction product of chloromethyl ether (p. 243) and sodium 
malonic ester. It decomposes at 113° into HgO, CO 2 , and acrylic acid (C. 1904, 
II. 641) ; ethyl ester, C 2 H 50 CH 2 ‘CH(C 02 H) 2 , has been obtained from methylene 
malonic ester (p. 564) by the action of alcoholic potassium hydroxide (Ber. 23, 
R. 194). 

y-Hydroxyalkylmalonic Acids, — The following y-hydroxyalkylmalonic 
acids are only known in the form of alkali or alkali earth salts. These are 
produced when the corresponding y-lactone carboxylic acids are treated with 
alkali hydroxides or the hydroxides of the alkali earths. The y-lactonic acids 
can easily be obtained from these salts ; these salts are produced by treatment 
with carbonates : 

CHR'-CHa-CR-COOH 

1 I 

0 CO 

(I) 

Butyrolactone-a-carhoxylic acid, (I, above, RR' = H) is prepared from bromo- 
ethylmalonie acid, BrCH2CH2*CH(C02H)2, m.p. 117° (the hydrobromide addition 
product of vinaconic acid, trimethylene- 1 : l-dicarboxylio acid), when it is heated 
with water ; also on digesting the latter with dilute sulphuric acid (Ann. 227, 
31). Heated to 120°, butyrolactonecarboxylic acid breaks down into CO 2 and 
butyrolactone (p. 427). The ethyl ester, b.p. 176°/25 mm., is formed by the 
combination of ethylene oxide and sodium malonic ester, whereby hydroxy- 
ethylmalonie ester is produced, which immediately loses alcohol to form a lactone. 
Ammonia converts the lactone ester into p-hydroxyethylmalonamide, HOCHgCHg- 
CH(C0NH,)2, m.p. 150° (Ber. 34, 1976). The phenyl ether of hydroxyethylmalonic 
acid, C 6 H 3 b-CH 2 -CH 2 *CH(COOH) 2 . m.p. 142° (Ber. 29, R. 286). 

a-Methylbutyrolactone-a-carboxylic acid, (I, above, R = Me, R' = H), m.p. 98°, 
results when bromoethyUsosuceinic ester, the reaction product of ethylene 
bromide and sodium -isosuccinic ester, is treated with barium hydroxide solution 
and then acidified (Ann. 294, 89). 

oL-Carhovalerolactonic acid, y-methylbutyrolactone-a-carboxylic acid (I, above, 
R ~ H, R' = Me) results when allyl malonic acid is acted on with HBr. It 
breaks down at 200° into CO 2 and y-valerolactone (p. 427). 


Hydroxysuccinic Acid Group 

HO.^CHCOaH 

Malic acid, hydroxysuccinic acid [butanol diacid], | , 

CH2CO2H 

m.p. 100°. Since malic acid contains an asymmetric carbon atom, 
it can occur in three modifications : (1) a dextrorotatory form, (2) a 
liBvorotatory form, and (3) an inactive dh variety. This is a com- 
pound of equal molecules of the dextro- and laevorotatory modifications. 

The Ztevo-variety occurs free or in the form of salts in many plant 
juices, hence it is frequently spoken of as ordinary malic acid. It is 
found free in unripe apples, in grapes, and in gooseberries, also in 
mountain ash berries {^orbtis aucuparia), in Berberis vulgaris, and in 
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the sea buckthorn (or sallow thorn), Hippophdi- rhamnoides (Ber. 32, 
3351). It is obtained from the last-named fruits by means of the cal- 
cium salts (Ann. 38, 257 : Ber. 3, 966). Calcium hydpgen malate 
exists in tobacco leaves ; potassium hydrogen malate in the leaves 
and stalks of rhubarb (C. 1902, I. 1399). On malic acid obtained 
from the Crassuhcem, see Ber. 31, 1432. 

HistoricaL — Ordinary’’ malic acid was discovered in 1785 by Scheele in unripe 
gooseberries. lAcbig ascertained its composition in 1832. Past&uTf in 1852, 
obtained inactive malic acid from inactive aspartic acid, and Kekule (1861) made 
it from bromosuccinio acid. The deastro-aoid was jSrst obtained by BteTneT in 
the reduction of dextro-tartaric acid. 

Formation of optically inactive or dl-wiaZic acid, m.p. 130° (Ber. 29, 1698) : 

1. From the mono-ammonium salt of l$evo- and dextro-malic acid. 

2. By heating fumaric acid to 150-200° with water. 

3. When fiimarie or maleic acid is heated with sodium hydroxide to 100° 
(Ber. 18, 2713). 

4. By treating monobromosuccinic acid with silver oxide and water, with 
water alone, with dilute hydrochloric acid, or with dilute sodium hydroxide at 
100° (Ber. 24, E. 970). 

5. By the action of on inactive aspartic acid. 

6. By the reduction of racemic acid with hy^iodic acid. 

7. When oxaloacetic ester is reduced with sodium amalgam in acid solution 
(Ber. 24 , 3417 ; 25 , 2448). 

8. By the action of potassium hydroxide on the reaction-product of KNC 
and j5-diehloropropionic ester. 

9. By saponifying the esters of chloroethanetricarboxylic acid. 

10. When potassium hydroxide acts on y-trichloro-jS-hydroxybutyric acid, 
CCl3CH(0H)CHaC02H, the reaction-product of chloral and malonie acid under 
the influence of glaci^ acetic acid or pyridine (Ber. 26, 794 : 38, 2733). 

The identity of the acids from 1 to 6 has been proved by means of the well- 
crystallized mono-ammonium salt, C4H5O6NH4 -f H2O, of the inactive acid 
(Ber. 18 , 1949, 2170). 

Formation of the Isevo- and dextro- forms : Both acids can be 
produced by resolution of the inactive malic acid by cinchonine 
(Ber. 13, 351 : 18, R. 537). The dextro-a^cid has also been obtained 
by reduction of the natural (4-)-d-tartaric acid with hydriodio acid, 
or by milder reactions by converting the tartaric acid into chloro- 
maiic acid and reducing the latter (Ber, 55, 1339) or from dextro- 
Totatory-diBpaxtiQ, acid and nitrous acid. These relationships with 
d-tartaric acid justify the description of the dextrorotatory malic 
acid as d-malio acid, and the naturally occurring (— ) form as Z-malic 
acid. This acid is similarly formed from Z-asparagine and Z-aspartic 
acid (Ber. 28, 2772). The two malic acids can be interconverted into 
their optical isomers by converting them by means of phosphorus 
pentachioride into the chlorosuccinic acids and treating the latter 
with moist silver oxide. (Walden inversion ; Walden, Ber. 29, 133.) 
For a discussion of the rearrangement at the asymmetric carbon 
atom, see Ber. 61, 509. 

Propertm, — ^Malic acid forms deliquescent crystals, m.p. 100®, 
which dissolve readily in alcohol, slightly in ether. 

Mmctiom. — (1) When heated to 100° anhydro-aoids are formed (Ber. 
32, 2706) ; at 140-160° 33piainly fumaric acid results-; when rapidly 
heated to 180° it decomposes into water, fumaric acid, and maleic 
anhydride (pp. 565, 566). Prolonged boiling with aqueous sodium 
hydroxide converts malic acid partially into fumaric acid (Ber. 33, 



MONOHYDROXY-DICARBOXYLIC ACIDS 607 

1452). (2) Oxidation with permanganate or hydrogen peroxide in 
presence of ferrous salts produces oxaloacetic acid (p, 619), while 
chromic acid produces malonic acid. (3) Reduction gives rise to 
succinic acid. It results from the fermentation of the calcium salt 
by yeast, of the free acid by Bacillus aerogenes (Ber, 32, 1915), and 
when the acid is heated to 130° with hydriodic acid (p. 547). (4) 
Heating with hydrobromic acid produces bromosuccinic acid ; Z-malic 
acid and PCI 5 at ordinary temperatures yield (+)-chlorosuccinic acid 
(Ber. 61 , 504) which, with moist silver oxide, changes into d-malic 
acid (pp. 555, 606). (5) When heated alone or with sulphuric acid 
or zinc chloride, it is converted into coumalic acid (p. 616). (6) On 
being heated with phenol and sulphuric acid, coumarin results ; it is 
possible that the semi-aldehyde of malonic acid, CHO-CHg-COgH, is 
first formed, with which the phenol then condenses (Ber. 27, 1646). 

Salt and esters 0/ dl-malic acid : Mono-ammonium malatej C4H5O5NH4 + HgO 
(Ber. 18, 1949 2170). Resolution into the optical components (Ber. 31, 628). 
dhMalic diethyl ester, C2H3(OH)(COAH6)2, b.p. 255^ (Ber. 25, 2448). 

Salts of the laevo-acid, malates : Mono-ammonium salt, C4H606(NH4), when 
exposed to a temperature of 160-200°, becomes converted into so-called fumari- 
mide (Ann. 239, 159 note). Neutral calcium malate, C4H40BCa -f HgO, separates 
as a crystalline powder on boiling. The acid salt, (C4H506)2Ca 4- 6HgO, forms 
large crystals which are not very soluble in cold water, but are more soluble 
in hot (Ber. 19, R. 679). 

l-Malic ethers and esters : The dialkyl esters are prepared from malic acid, 
alcohols, and hydrochloric acid. They can be distilled unchanged (Z. physik. 
Chem. 16, 494), but when slowly heated pass into fumaric esters (Ber. 18, 1952). 
Reaction with PCI5 and.PBrg in chloroform changes them into ( -|- )-chloro- and 
<4-)-bromosuccinic esters (p. 555). Attempts to prepare malic esters by means 
of the silver salt of the acid result in the partial substitution of the hydroxyl 
hydrogen by the alcoholic radical (0. 1899, I. 779). 

The optical rotatory power of many of these esters has been determined ; 
they are Isevorotatory (Ber. 28, R. 725 : 29, R. 164, C. 1897, I. 88) ; 

Z-Malic methyl ester, b.p. 122°/12 mm.; [a]D“— 6*88, [M]d=— 11*15 

Z-Malio ethyl ester, „ 129°/12 „ ; [a]i>~ — 10*64, [M]d = —20*22 

Z-Malic w-propyl ester, „ 160°/12 „ ; [alD = -“11*60, [M]i>=— 25*29 

Z-Malic n-butyl ester, „ 170°/12 „ ; [a]i>= — 10*72, 26*38 

Triethyl ether-ester, C2H60*CjH3(C02C2Hb) 2» b.p. 119°/15 mm. (Ber. 13, 1394). 

Acetylmalic acid, CH8C0*0C2Hs(C02H)2, m.p. 132° ; dimethyl ester, CH3CO- 
0C2H3(C02CHa)g, when slowly distilled at the ordinary pressure, yields fumaric 
dimethyl ester. Acetylmalic anhydride, CH3C0*0C2H3(C203), m.p. 64°, b.p. 
161°/14 mm., decomposes when distilled at the ordinary pressure into maleic 
anhydride and acetic acid (Ann. 254, 166). 

Acetyl-Z-malic methyl ester, b.p. 132°/12 mm. ; [a]D== —22*86, [M]i>= —46*64 
AcetybZ-malic ethyl ester, „ 141°/12 „ ; [a]D—— 22*60, 62-43 

Propionyl-Z-malic methyl ester, „ 142°/12 „ ;[«]»— —23*08, [M]» =5:— 60-31 

On the homologous series of acyl-l-maZic ethyl esters and their molecular rotations 
see Z. physik. Chem. 36, 129. 

**mtromalic acfd,” N02'0*CH(C00H)*CH2*C00H, needles, m.p. 110-112° 
(decomp.), is obtained from malic acid and nitrating acid, at a low temperature. 
(J.A.C.S. 43, 2084) ; methyl ester, m.p. 26° [a]®® — 33*01°, and ethyl ester, b.p. 
148-161° [aji^ — 31*24°, are prepared from the Z-malic esters and nitrosulphuric 
acid (Ber. 35, 4363). 

Amides of the malic acids , a- and ^-malic mono-amides, NHgCO-CH (OH )- 
CH2COOH and HOOO*CH(OH)CH2-CONH2, and their esters are formed from the 
malic esters and alcoholic ammonia ; from malamide by partial hydrolysis ; also, 
from bromosuccinic acid and ammonia, a reaction which may result in this amide, 
partially or wholly in place of the expected aspartic acid (Ber. 41, 841). Mai- 
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amide, HO-C2H3(CONH.)a, is prepared from the monoamidomalic ester and from 
the malic ester by the action of ammonia (C. 1900, II. 1009). d-Malamide, 
m.p. 150-157'’ ; kydrazide, m.p. 177° ; azide from the hydrazide and HNOg, 
a yellow oil (J. pr. Chem, [2] 95, 209). 

Thiomalic acid, HOOC-CH3CH{SH)COOH, m.p. 150°, is formed by the 
action of ammonia on xanthosuccinic acid, HOOC*CH2CH(SCSOC2H5)COOH, 
m.p. 149°, which in turn is prepared from bromosuccmic acid and potassium 
xanthogenate (Ann. 339, 369 : Ber. 38, 2687). 

Sulphomccinic acid, S03H*C2H3(C00H)2, is prepared from succinic acid and 
SO3 (Ann. 175, 20) or, better, by addition of bisulphite to maleic or fumaric acid : 
resolution by strychnine, see Kec. Trav. Chim. 46, 473. 


Aminosuccinic Acids 

Aspartic acid bears the same relation to malic and succinic acids 
as glycocoll bears to glycoliic acid and acetic acid ; hence, it may be 
called aminosuccinic acid: 


NHa-CHaCOaH HO-CHaCOaH CHg-COaH 

Glycocoll. Glycoliic acid. Acetic acid. 

NHjCHCOjH HO-CHCOjH CHj-COjH 

I I I 

CHjCOjH CHjCOiiH CHs-COjH 

Aminosuccinic acid. Malic acid. Succinic acid. 

(Aspartic acid.) 


Aminosuccinic acid contains an as 3 nnmetric carbon atom, so that 
like malic acid, it appears in three modifications. The 2-ammosuccinic 
acid or Zcet^o-aspartic acid is the most important of these. See also 
d- and J-chlorosuccinic acid (p. 555) and d- and Amalie acid (p. 606, 
etc.). 

Inactive (fZ-aspartic acid, asparacemic acid, C2H3(NH2)(C02H)2, is pro- 
duced : 

(1) By the union of U and d-aspartic acids. 

(2) On heating active aspartic acid (a) with water, (6) with alcoholic ammonia 
to 140-150°, or (c) with hydrochloric acid to 170-180° (Ber. 19, 1694), 

(3) When ‘‘fumarimide*’ (p. 607) is boiled with hydrochloric acid, 

(4) On heating fumaric and maleic acids with ammonia (Ber. 20 , R. 557 : 21 , 
R. 644). 

(5) By evaporating a solution of hydroxylamine fumarate (Ber. 29, 1478). 

(6) By reducing oximinosuceinie ester with sodium amalgam (Ber. 2 1 , B. 351 ). 

Benzoylasparaeemic acid is resolved into its optical components by means 

of brucine (Ber. 32, 2461). 

Like glycocoll, aspartic acid combines with alkalis and acids yielding salts. 
Nitrous acid changes it into inactive malic acid. 

dh Aspartic diethyl ester, NH2*C2H3(C02C2H5)2, b.p. 150-154°/25 mm., is pro- 
duced on heating fumaric and maleic esters with alcoholic ammonia (Ber. 21 , 
R. 86). 

dl-A^r«ic a-mom-ethyl esiter, COOH-CH2*CH(NHa)*COOGgH5, m.p. 165° 
(decomp.), is formed by the reduction of a-oximinosuccinic monoethyl ester and 
the oxime of oxaloacetic diethyl ester. Ammonia converts it into inactive 
a-asparagine (constitution, c/. p. 610). 

p-mom^ethyl ester, COOH-CH(NH2)-CH2*COOC2Hs, m.p. 200° 
(dei^mp.), is also obtained from the oxime of oxaloacetic ester by reduction with 
sodiuns am^gam. A partial saponification occurs at the same time. Ammonia 
<x^nverts it into the two optically active asparagines, which are therefor© ]8-amino- 
succinamic acids. 

acid, C«H3NH:-CH:(C02H)CH2C02H, m.p. 131°, is formed 
bromosuccmic acid on aniline. Pkenylasparaginanil, CeHg- 
ni*p* 210°, results on adding aniline to maleinanil (Ann. 
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, t NHj-CH CO(sH , . . 

Z-Aspartic acid, (configuration, Helv. Chim. Acta. 

CH2*G02H 

6, 411 and 957), occurs in beet molasses, and is procured from proteins 
in various reactions. It is obtained by the resolution of dZ-aspartic 
acid (see above), and from Z-asparagine by boiling it with alkalis and 
acids (Ber. 17, 2929). 

It crystallizes in small rhombic leaflets or prisms, and is sparingly 
soluble in water. Nitrous acid converts it into ordinary Z-malic acid 
(Ber, 28 , 2769). Z- Aspartic acid is Isevorotatory in alkaline solutions, 
and dextrorotatory in acids ; dextro in aqueous solution at low tem- 
peratures, and Isevo at higher temperatures. 

Diethyl ester, b.p. 126°/11 mm., is formed from aspartic acid or asparagines 
by alcohol and hydrochloric acid (Ber. 34 , 452 : 37 , 4599) ; dimethyl ester, b.p. 
120°/15 mm. (Ber. 40 ,. 2058). 

d- Aspartic acid results when d-asparagine is boiled with dilute hydrochloric 
acid (Ber. 19 , 1694) and from ( — )-chlorosuccinic acid (p. 555). 

NHgCH-COOH 

U and «Z-Asparagine, 1 + H^O (?-(—) -Asparagine : 

CB[2*CONIl2 

configuration, Ber. 57, 1547), are the monamides of the two optically 
active aspartic acids, and are isomeric with malamide (p. 608). 
Crystallographically, they are identical, including the hemihedral faces 
(C. 1897, II. 1108). 

Historical. — As early as 1805 Vauqudin and Robiquet discovered the Icew- 
asparagine in asparagus. Liebig, in 1833, established its true composition. 
Kolbe (1862) was the first to regard it as the amide of aminosuceinic acid. Fiulti 
(1886) discovered dea;tro-asparagine in the sprouts of vetches, in which it occurs 
together with much tew -asparagine. 

Z- Asparagine is found in many plants, chiefly in their seeds ; in 
asparagus (A^jparagus officinalis), in beet-root, in peas, in beans, and 
in vetch sprouts, from which it is obtained on a large scale, and also 
in wheat. Z- and cZ-Asparagines not only occur together in the 
sprouts of vetches, but they are found together if asparaginimide, 
produced from bromosuccinio ester, is heated to 100® with ammonia ; 
or by the action of alcoholic ammonia on /?-aspartic ester (Ber. 20 , 
R. 510 : Ber. 22 , R. 243). A mixture of the two naturally occurring 
asparagines has been produced by heating maleic anhydride to 110® 
with alcoholic ammonia (Ber. 29 , 2070). 

Both optically active asparagines crystallize in rhombic, right and 
left hemihedral crystals, which ^ssolve slowly in hot water, in alcohol 
and ether, but they are not easily soluble. It is not possible for them 
to combine in aqueous solution to an optically inactive asparagine. 
It is remarkable that the dextro-asparagine has a sweet taste, whilst 
the Isevo-form possesses a disagreeable and cooling taste. Pasteur 
assumed that the nerve substance dealing with taste behaves towards 
the two asparagines like an optically active body, and hence reacts 
differently with each. 

Similar differences of taste are observed with d- and Z- valine (p. 444), 
d- and Z-leucine (p. 444), and <Z- and Z-serine (p. 596). 

Constitution of the Asparagines. — ^When the oxime of oxaloacetic ester (I) is 
reduced by sodium amalgam, two isomeric ethyl hydrogen aminosuccnnates (TI) 
and (III) are formed, with partial hydrolysis. The constitution of the “ a 

VOL. I. R R 
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compound (m-p. 165° (decomp.)) (lU) is shown by its formation by reduction 
from the stereoisomerio ethyl hydrogen oximinosueoinates (IV) which yield 
a-oximinopropionic ester (V) by loss of CO^. Hence it may be assumed that 
the ester, m.p. 200° {decomp.), contains the amino group in the ^-position to the 
carbethoxy group (Ber. 22, K. 241). 

a-Asparagine (VII) is obtained from the a-ester by the action of ammonia, 
and inactive -jS* (ordinary) -asparagine (VI) from the ^-ester. 

ROCO-C ; KOH ROCO CH ; NOH 

• 1 (T) I (IV) 

ROCO-CHs COOHCHa 


HOCOCH-NHj 


ROCO-CH-NHg 


ROCO-CH : NOH 


ROCOCH* 

o 

m.p. 200“ 
(decomp.) 


HOCO-CH* 

(III) 

m.p. 105® 
(decomp.) 


CH* 

(V) 


HOCOCH-NH* 

I 

NH*CO‘CH* 

(Vl)^ 

(27- Asparagine. 


NHoCO-CH-hTH* 


HOCO-CH* 

(VH) 

dZ-a-Asparagme. 


dZ-a- Asparagine, isoaaparapiwe, HOCO‘CH**CH(NH 2 )*CON'H 2 , decomp. 214°, 
is formed from asparaginimide, diethyl aspartate and a-ethyl hydrogen aspartate 
by the action of ammonia ; also from the potassium salt of aminofumaramic acid 
(p. 021) by the action of aluminium amalgam (C. 1897, I. 364). 

Aspartic diamide, 2srHj5CO*CH(NH2)CH2CONH2, m.p. 131°, is prepared 
from aspartic ester and liquid ammonia. It is very soluble in water, and is 
easily decomposed. 

Asparagine imide, dikei<ypipzrazinectiaceiamide, (C 4 HeON 2)2 (formula, see 
below), decomposes at 250°, is formed at the same time as asparagine diamide 
(above). It forms needles, and is with difficulty soluble in water. It is also 
prepared from bromosuecinic ester and ammonia ; and from diketopiperazine- 
diacetic esters (formula, see below) ; methyl ester , m.p. 248°, ethyl ester, m.p. 
180-185°, by the same reagent. The latter ester is also obtained when aspartic 
ester is heated (Ber. 37, 4599 : 40, 2059) : 


2ROsC-CHCH,<^q^|^ ► B0jC-CH8CH<^^>CHCHj'C02R 

>■ NHjCOCHjCH<^^^>CHOHjCOjNH2. 


Hydrolysis of the ester or amide results in the formation of diketopiperazine- 
diacetic acid, and also the dipeptide. Aspartylaspartic acid, HOOC-CHoCH- 
(COaH)]SrHCOCH<NH2)CH2C02H. 

The di- and tri-peptides of the aspartic series axe prepared in the same way as 
the peptides of the simple amino-acids (p. 44 5, etc.), and serin e, cystine, etc. 

(pp, 596, 597), e.y. glycylaspartic anhydride, NHCH 2 CONHCH(CJO)CH 2 *COOH, 
from cWoroacetyl aspartic ester; Imcylasparagine, C 4 H 2 *CH(NH 2 )CONHCH- 
(C02H)CHjC 0NH2, from bromofsocaproylasparagine : aspartyldialanine, HO,- 
CCH(CHa)]SrHC 0 CH 2 CH(NH 2 )C 0 NHCH(CH 3 )C 02 H, from fumaryldialanine and 

NHCHC0-NHCH(C4H2)C02H 

ammonia ; glycylaspartyUeucine, | | from 

NH 2 CH 2 COCH 2 CONH 2 

chloroacetylaspartyl chloride, ClCHjCONHCH(COCl)CH 2 CONH 2 , with leucine 
ester and ammonia (Ber. 37, 4585 : 40, 2048). Hippurylaspartic acid, CJELfiO - 
HHCI^C0NHCH(C02H)CH2C02H, is prepared from hippurazide (Vol. II) and 
aspaxtic acid, and yields a chazide, which, reacting with aspartic ester, gives rise 
to Mppurylaspartylbis-aspaxtic ^ter, and still more complex chain compounds 
(J. pr. Chem. 70, 158). 
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Homologues of Malic Acid 

Malic acid homologues are formed : by the addition of hydrocyanic acid 
to jS-ketonic esters ; by the addition of HCIO to alkylmaleic acids and subsequent 
reduction ; and by the reduction of alkyloxaloacetic esters. 

QL-Hydroxypyrotartaric acid^ citramalic acid, oL-methylmalic acid, COOH’CHa- 
C(0H)(CH3)*C00H, m.p. 119°, is produced (1) by the oxidation of isovaleric acid 
(p. 304) with nitric acid ; (2) from acetoacetic ester by means of HCN and HOI ; 
(3) by the reduction, of chlorocitramalic acid, the addition product resulting 
from the union of HCIO with citraconic acid ; (4) from methyl asparagine and 
nitrous acid. It breaks down at about 200° into water and citraconic anhydride 
(Ber. 25, 196). Citramalic acid is resolved into its optical components by means 
of brucine (Ber. 32, 712). ca-Methylmalic nitrile ester, acetoacetic ester cyanohydrin, 
CH8C(0H)(CN)CH2C02C2Hfi, m.p. 8-5°, b.p. 127°/16 mm. (Ber. 39, 1868). 

ci‘Aminopyrotartaric acid, dl-homoaspartic acid, H02C*CH2C(CH3)(NH2)C02H, 
m.p. 166°. Its diamide is formed from itaconie, citraconic, and mesaconic esters 
by the action of ammonia (Ber. 27, R. 121). The acid is resolved into its d- 
and Z- forms by crystallization. Methylasparagine, H02C-CH2C(CH3)(]SrH2)- 
COHH 2 (?), m.p* 265° (decomp.), is formed from citraconic acid and ammonia 
(C. 1898, II. 762). <x.-Anilinopyrotartaric acid, li0zC‘CB.^C{CK^){WB.C^JI^)C02'E, 
m.p. 135°, results from the hydrolysis of oL-anilinopyrotartaric monoester nitrile, 
an oil, which is formed from acetoacetic ester cyanohydrin and aniline ; also, 
from acetoacetic ester anil and hydrocyanic acid. Ester amide, m.p. 119°, is 
formed from the nitrile and sulphuric acid in the cold ; it is easily converted 
into the imide, m.p. 168° (Ber. 35, 2078). 

The anilinopyrotartaric acid when heated yields a-anilinopyrotartaric anil 
and citraconic anil (Ann. 261, 138). 

p-Methylmalic acid, COOH*CH(CH 3 )*CHOH‘COOH, is a colourless syrup, 
readily soluble in water, in alcohol, and in ether. It is formed when methyl 
oxaloacetic ester is reduced with sodium amalgam, and in an active Z- form from 
a citraconic acid solution by the action of a mould (Ber. 27, R. 470). Mesaconic 
acid and citraconic anhydride (Ber. 25, 196, 1484) are produced when it is 
heated. 

PP‘Dimethylmalic acid [2 ; 2-dimethyl-3-butanol diacid], C02H*CH(OH)’- 
C(CHs) 2*C02H, m.p. 129°, is obtained by the acti on of alkalis or hyd rochloric 

acid on the lactone. pp-Dimethylrmlic lactone, (3CH(C02H)C(CH3)2C0, m.p. 
46°, + aq., m.p. 54°, is formed from monobromo-as.-dimethylsuccinic acid and 
silver oxide. It was the first j8-lactone of the fatty acid series known (v. Baeyer 
and Villiger, Ber. 30, 1954). When distilled imder reduced pressure it is trans- 
formed into the anhydride, b.p. 145-150°/13 mm. (Ber. 33, 3270) : 


(CH3)2C~C0 
I 1 

CO 2 HCHO 


(CH3)2C CO 

- I 

HOCH—CO 


>• 


0 Lp-X)imethylmaUc add, CH3C(0H)(C02H)CH(CH3)C02H, m.p. 143°, is pre- 
pared from a-methylacetoacetic ester cyanohydrin. During distillatio^i it is 
converted into pyrocinchonic anhydride (p, 674). This, when heated with alco- 

NH2C(CH3)-CO\ 

holic ammonia, is converted into aminodimethylsuccinimide, j ^NH, 

HC(CH3)-CO/ 

m.p. 168° (Ber. 33, 1410). 

p‘Ethylmalic acid, C2H5*CH{C02H)CH(0H)C02H, m.p. 87° (decomp.). Its 
oriJiotrichloride, yyy-trichloro-jS-hydroxy-a-ethylbutyric acid, CClg‘CHOH*CHEt- 
COOH, m.p, 137 °, is formed from chloral, ethylmalonic acid, and pyridine. When 
heated with potassium hydroxide it is changed into ethylmalic acid, which on 
heating decomposes into water and ethylmaleio acid (p. 573) (Ber. 38, 2733). 
onp-Methylethylmalio add, m.p. 130° (Ber. 26, R, 190). 

Trimethylmcdic acid, hydroxy -trimethylsuccinic acid, m.p. 155°, is obtained 
from dimethylacetoacetic ester with hydrocyanic acid, with subsequent hydro- 
lysis by hydrochloric acid (Ber . 29, 1543, 1619). The corresponding ^-lactone. 

add, C)C(CH3)(CO2H)*C(0H3)2ci), m.p. 119°, is obtained from bronio-tri methyl- 



612 ORGANIC CHEMISTRY 

succinic acid and silver oside, similarly to the production of jSjS-dimethylmalic 
acid lactone. 

i^oPropylnwlic acid, m.p. 154°, from broinopimelic ester (Ann. 267, 132). 

Paraconic Acids 

Paraconie acids are y-lactonic acids. Like the y-hydroxyalkylhydroxymalonic 
acids, they are converted by alkalis and alkali earths into salts of the correspond- 
jng hydroxysuccinic acids (itamalic acids). When the latter are set free from 
their salts they immediately break down into water and lactonic acids. The 
alkylparaconic acids are formed when sodium succinate or pyrotartrate and 
aldehydes (acetaldehyde, chloral, propionic aldehyde) are condensed by means 
of acetic anhydride at 100-120° (Fittig, Ann. 255, 1) : 

CHa-COaH CHa-CH— CH-COgH 

CHa-CHO +1 =11 + HgO 

CHa-COaH O-GOCH^ 

Succinic acid. Methylparaconic acid. 

CHa— CHCOaH 

Paraconic acid, j j , m.p. 57°, is formed by the reduction of aconic 

OCO-CH^ 

acid (p. 616) and is best prepared by boiling itabromopyro tartaric acid with 
w’ater and acidifying the calcium salt of the corresponding hydroxysuccinic acid 
— itamalic acid, formed on boiling itachloropyrotartaric acid with a soda solution. 
When boiled with bases, it forms salts of itamalic acid ; it yields citraconic 
anhydride when it is distilled (Ann. 216, 77 ; 255, 10). 

CHg— CHCOgH 

'pseadoltacomnilic acid, y-anilidopyrotartrolactamic acid, 1 | . , 

CeHs-N-CO-CHg 

m.p. 190°, is formed from itaconic acid (Ann. 254, 129), by the addition of aniline, 
and subsequent lactam formation. 

CHX-CH-COOH 


1 I 
O-CO-CHY 
(I) 

Methylparaconic acid [(I) above, X = Me, Y = H], m.p. 84-5°. Ethyl ester, b.p. 
56°/17 mm., is also prepared from acetosuceinic ester by reduction with amal- 
gamated aluminium. Sodium ethoxide solution transforms and hydrolyses it 
into methylitaconic acid. WTien distilled, methylparaconic acid yields valero- 
lactone, ethylidenepropionic acid (p. 564), methylitaconic acid, and methyl- 
citraconic acid (Ber. 23, R. 91). 

Trichloromethylparaconicacid [(I) above, X = CCI 3 , Y = H], m.p. 97°, is 
changed by cold barium hydroxide solution into wocitvic acid (g^.v.). Reduction 
(C. 1897, n. 184 ; 1902, II. 343). 

Ethylparaconic acid, [(I) above, X — Et, Y = H], m.p. 85°, when distilled, 
breaks up chiefly into carbon dioxide and caprolactone (p. 427). Hydrosorbic 
acid is formed at the same time (Ber. 23, R. 93). 

a-Med^ylparaconic acid, [(I) above, X — H, Y = Me], m.p. 104°, is obtained 
by the action of sodium amalgam on jS-formylpyrotartaric ester, the reaction 
product of formic ester, pyrotartaric acid and sodium ethoxide. When heated 
It decomposes partly into water and pyrocinchonic anhydride (p. 574) (Ber. 37, 
1610). 

ay-pimethylparaconic acid, [(I) above, X == Y — Me], m.p. 131°, b.p.l95°/14 
mm., is formed by reducing ^-acetopyrotartaric ester with sodium amalgam. 
When heated it partially breaks down into water and methylethylmaleic an- 
hydride (p. 574), and into COg and a-methyl-d^-pentenoic acid, CH- CH : CH- 
CHMe-COOH (Ber. 37, 1615). 


(CHs)gC CH( 

1 i 
0*CO*CHj 
(ID 


JHCOsH CHCHgCOsH (CH3)2C 


OCOGH* 

(HI) 


OCOGH. 

(IV) 


Terebio acid (II), terpenylic acid (III), and homoterpenylie acid (IV), are 
three opdation products of turpentine oil. They will be discussed in connection 
with pinene (Vol. 11), the principal ingredient of the oil. 
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y-Fropylparaconic acid, f(I) above, X = C3H7, Y = H], m.p. 73*5% yields, on 
distillation, y-heptolactone (p. 427), heptylenic acid, CjHiaOo, and propvlitaconic 
acid, (p. 573) (Ber. 20, 3180). 

y-isoPropylparaconic acid, m.p. 69®, when distilled, decomposes into y-iso- 
heptolactone and isoheptylenic acid. 


isoFropyliBoparaconic acid, (CH3)2C(0)CH2CH(C0)’CH2C02H, m.p. 143®, is 
formed from ^sopropylitaconio acid (p. 573) and hydrochloric acid at 130®, and 
by oxidation of isobutylsuccinio acid by means of KM n04. 

a.aLp-Trimethylparaconic acid, OCH2-C(CH3)(C02H) *0(0113)200, m.p. 270®, is 
formed from sodium trimethylsuccinate and trioxymethylene, by the action of 
acetic anhydride. Ethyl ester, m.p. 34® ; chloride, m.p. 140® ; amide, m.p. 242®. 
The anhydr ide, m.p. 155°, is obtained, to gether with trhnethylacetylitamalic 

ayihydride, OOC*0(0H3)2*0(0H3)(O0O0H3)0O, b.p. 185-195°/22 mm., from tri- 
methylitamalio acid salts by boiling them with acetic anhydride (C. 1905, I. 
1374). 


Hydroxyglutaric Acid Group 

OL-Hydroxyglutaric acid, m.p. 72®, occurs in molasses. 

It is formed from a-bromoglutaric acid (0. 1002, II. 187) ; and by the action of 
nitrous acid on a-aminoglutaric acid. It also occurs in the reaction products of 
nitric acid on casein (C. 1902, II. 285). It crystallizes with difficulty (Ann. 208, 
66: Ber. 15, 1157). Its lactone, m.p. 50®, into which it readily passes when 
heated (Ann. 260, 1129), is reduced to glutaric acid (p. 557) by hydriodic acid. 

Glutaminic acid, oL-aminoglutarie acid, con- 

tains an asymmetric carbon atom (p. 37), and therefore can, like 
malic acid (p. 605), appear in three modifications. 

dextrorotatory-GlutB^mio acid occurs in vetch and pumpkin seed- 
lings, and with aspartic acid in beet molasses. It is formed together 
with other amino acids by the acid hydrolysis of proteins. Prepara- 
tion, see Bull. Soc. Chim. [4] 27, 750. 

It forms brilliant rhombohedral crystals, m.p. 202® (decomp.), 
and is soluble in hot water but insoluble in alcohol and ether. Hydro- 
chloride, [ajo + 2444® is sparingly soluble. 

Ethyl ester, b.p. 140°/10 mm., is obtained from the acid by the action of 
alcohol and hydrogen chloride (Ber. 34, 453). Hydrochloride, m.p. 96-98®. The 
action of nitrous acid leads to the formation of the weakly dextrorotatory 
diazoglutaric ester (J.A.C.S. 44, 1798). 

Polypeptides oj glutamic acid, see Z. physiol. Chem. 106, 58. Glutathione 
(p. 597) is an important tripeptide containing glutamic acid. 

IcBVorotatory -QlntammiG acid is obtained from the inactive variety by means 
of Penicillium glaucum (p. 73). 

XnacHve-dhglutaminic acid, m.p. 198°, results from ordinary glutaminic acid 
on heating it to 160-160° with barium hydroxide solution, and from a-^sonitroso- 
glutaric acid on reduction (Ann. 260, 119). By repeated crystallization it can 
be resolved into d- and Z-glutaminic acid (Ber. 27, R. 269, 402 : 29, 1700). 
Resolution is also effected by means of the strychnine salts of r-benzoylglutaminic 
acid (Ber. 32, 2466). 

dZ-Pyroglutaminic acid, m.p. 182-183°, is the y-lactam of the glutaminic 
acid, which results on heating ordinary glutaminic acid to 190°, and on continued 
heating breaks down into CO2 and pyrrole (Ber. 15, 1342) ; 

ioCHjCHssCH(COsH)NH > CH : CH-CH : CH-NH + CO^ + HjO 

Pyroglutamine acid. Pyrrole. 
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CONH 

Glutamine, oL~atni}ioglutaramic acid, C3H5(NH2)<C^QQQg[®j occurs together 

with asparagine in beet -root, in the seeds of pumpkins and other plants ^er. 

1882 : C. 1897, I. 105). Its optical rotation is not constant (Ber. 39, 2932). 
y- CarbovaUrolactonic a cid, a-meihylglutolactonic acid, mlerolactone-y’carhoxylic 

acH, 0 -C(CH,)(COsH)CHsCH 2CO, m-p. 68-70°, is deUquesoeiit, and is produe^ 
<1) by oxidizing y-lsocaprolactone (p. 427) or t^ocaproic acid with nitric acid 
(Ann. 208 , 62 : Ber. 32, 3661) ; and (2) by the action of potassium cyanide 
and hydrochloric acid on lasvulinic acid. 

y-Carbovalerolactamic ac id nitrile, a-methylpyrrolidorie-ct-carboixiyUc acid nitrile, 

HisC(CH3)(CN)-CH2*CH2*CO, m.p. 141“, is formed from IsBVulinio ester, hydro- 
cyanic acid, and alcoholic ammonia (c/. Ber. 38, 1215). 

imPropylglntolactonic acid, C02H*C(C3H7)CH2*CH2C00, m.p. 67°, is pre- 
pared from a-dimethyllsevulinic acid and hydrocyanic by means of hydro chloric 

acid (Ann. 288, 185). oL-Hydroxy-yy-dimethylglutolactonic acid, 0*CH(C02H)*- 

CHnCICHalaCO, m.p. 85° (not sharp), results, together with dimethylglutaconic 
acid, when alcoholic potassium hydroxide acts on a-bromodimethylglutaric acid 
(C. 1902, 1- 810 ; cj. also cyanodimethylaeetoacetio ester, p. 624). a-Hydroxy- 
py’dimcthylglidolactonic acid, irans-lorm, m.p. 142°, m-form, liquid, b.p. 194°/15 
mm,, is formed from ^-mcthyllaevulinic acid, hydrocyanic and h ydrochloric acid s 

(C. 1900, n. 242). a-Hydroxy'<xyydrimcthyIglittolacionic acid, 0*C(CH3)(C02H)- 

€H2C(CH3)2C0, m.p. 103°, is prepared from bromotrimethylglutaric acid and 
aqueous potassium hydroxide, and from mesitonic, hydrocyanic and hydrochloric 
acids (Ann. 293, 220). 

Mesitylic acid , c^-amim-oLyy-irimethylglutanc acid lactam, HNC^CH^ 

(C03H)CH2C(CH3)3C0, m.p. 174°, is prepared by boiling the addition product 
of mesityl oxide and hydrochloric acid with potassium cyanide and alcohol (see 
Mesitonic acid, p, 479). If mesityl oxide alone be heated with two molecules 
of potassium cyanide in alcohol, there is formed on acidification a-hydroxy-ayy- 
iriineihylglutaric acid dinitrUe, NC*C{CH3)2CH2C(CH3){0H)CN, m.p. 166°, which 
on being warmed with hydrochloric acid yields mesitylic acid (C. 1904, II. 1108). 
Oxidation with permanganate in acid solution yields as.-dimethylsuccinimide 
(Ber. 14, 1074). 

^-Hydroxyglutaric acid, m.p. 95°, is obtained by the 

reduction of an aqueous solution of acetone dicarboxylic acid (Ber. 24, 3250), 
It is decomposed on distillation into COj, HgO and vinyl acetic acid (p. 345) ; 
Sulphuric acid and also boiling with aqueous alkali hydroxides (Ber. 33, 1452) 
produce glutaconic acid (p. 575). Acetyl chloride gives rise to acetoxyglutaric 
anhydride, CH5C00CH(CHsC0)30, m.p. 88°. Hydroxyglutaric dimethyl ester, 
b.p. 150°/11 mm., yields acetoxyglutaric ester, which on distillation imder 
ordinary pressures breaks down into glutaconic ester (Ber. 25, 1976 : C. 1903, 
II. 1315). p-Hydroxyghitaric diamide is converted by sulphuric acid into gluta- 
conimide. fi-Chtorofintaric acid is obtained from glutaconic acid and hydrochloric 
acid. From it and from glutaconic acid ammonia produces ft-aminoglutaric acid. 
C02H*CH2CH(NH2)CH2G02H, m.p. 248° (decomp.). B-Bromoglutaric acid, m.p. 
ISr (C. 1899, II. 28). r i 

a^Amim^pdiydroxyglutaric acid, COOH°CH(NH2)-CH(OH)‘CH2*COOH, was 
obtained by Bakin (Bioehem, J. 12, 290) by the hydrolysis of caseinogen and 
other proteins. It is dextrorotatory, ciystallizes with difficulty. Synthesis of 
racemic form, see Bioehem. J. 13, 398. 

Bym.^Diaikyl‘^^hydroxyglutaric acids are also formed by condensation of formic 
ester with a-bromo-fatty esters by means of zinc (see formation of secondary 
alooholB, p. 132) ; oc-bromopropionic ester, a-bromobutyric acid and a-bromo- 
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i^obutyric ester produce respectively ay-dimethyl-, ay-diethyl- and aayy-tetra- 
methyl-^-hydroxyglutario acids (C. 1898, II. 415, 885 : 1900, II. 529 : 1902, 
11. 107). 

cuoL-Dimethyl- ^-hydroxy glutaric acid, m.p. 169°, and oLOLy-trimethyl-p-hydroxy- 
glutaric acid, cis-iorm, m.p. 115° ; trans-iorm, m.p. 155°, are obtained from the 
corresponding di- and trimethyl acetone dicarboxylie esters (p. 624) (C. 1903, 1. 
76 : 1904, 1. 720). aoL^-TrimethyU^-hydroxy glutaric ester is prepared from 

a-dimethyl acetoacetic ester, bromoacetic ester, and zinc (C. 1903, II. 1315). 
The aoetylated esters of these acids yield alkyl glutaconio acids when distilled. 

d-Caprolactone-y-carboxylic acid, | j , m.p. 197°, is formed 

CH(CHa) 0 

when a-acetoglutaric acid (p. 624) is reduced (Ber. 29, 2368). On dry distillation 
it yields yS-hexenoic acid (p. 347) and a-ethylideneglutaric acid (p. 577). 

y~V alerolactone- ^-acetic acid, "Q, m.p. 84°; and y-hepto^ 

lactone- ^-acetic acid, m.p. 88°, are obtained by reduction of the jS-acylglutario 
acids (p. 624), or their dilactones (Ann. 314, 13). 

HIGHER HYDROXY-DICARBOXYBIC ACIDS 

OL-Hydroxyadipic acid (Ber. 28, R. 466). ca-Hydroxysebacic acid (Ber. 27, 
1217). 

a-Hydroxy-cc-mothyladipic acid, CO2H*C(CH3)(0H)-[CH2]3CO2H, m.p. 92°, is 
prepared from y-acetobutyric acid, potassium cyanide, and hydrochloric acid. 
On dry distillation it gives a mixture of y§- and Sc-hexenoic acids, which are 
characterized by their ability to be converted into y- and 8-caprolactone (Ann. 
313, 371). 

p-Hydroxy-p-methyladipic acid, COOH‘CH 2 C(CH 8 )(OH)CHaCH 2 COOH, and 
p-Hydroxy-ctap’trimethyladipic acid, COaH*C(CH 3 ) 2 C(CH 3 )(OH)CH 2 CH 2 COOH ; 
their lactone esters are formed by condensation of bromoacetic ester and a-bromo- 
wbutyric ester with Isevulinio acid by means of zinc. The latter lactone ester 
is easily decomposed by alkalis into wbutyric acid and leevulinic acid (C. 1900, 
I. 1014 : Ber. 36, 953). 

a-Amino-adipic acid, C00H*CH(NH2)CH2CH2CH2C02H, m.p. 206° (decomp.), 
is formed from a-oximino -adipic acid (p. 625) by reduction with tin and hydro- 
chloric acid ; also by hydrolysis and decomposition of cyanopropylphthalimido- 
malonic ester, C 8 H 4 (C 0 ) 2 NC(C 02 R) 2 CH 2 CH 2 CH 2 CN, the product of reaction of 
sodium phthalimidomalonic ester and chlorobutyronitrile. It is sparingly 
soluble in water. When heated, it yields w ater and a lactam, ^-piperidone- 

h^carboxylic acid, NHCH(C02H)CH2CH2CH2C0, m.p. 178°. 

a-Ammo-P;methyladipic acid is prepared from a-oximino-j8-methyladipic acid. 
In the free state it immediately changes into its lactam, m.p. 144° (Ber. 38, 1654 : 
C. 1903, IL 33). 

OL-Aminopimelic acid, NHaCH(COOH)[CH 2 ] 4 COOH, m.p. 225° (decomp.), is 
obtained from a-oximinopimelic acid. 

B. UNSATURATED HYDROXYDICARBOXYLIC ACIDS 


Mucolactonicacid, OCOCH z'OH-CHCHgOOOH (?), m.p. 122>.125°, is obtained 
from hydromuconio dibromide and silver oxide. 

The aci‘ or enoZ-forms of the ^-aldo- and ^-heto -dicarboxylie acids can also be 
included in this section ; formyl- and acetyl-malonic acids (pp. 615, 619), formyl- 
and acetyl-succinic acids (pp. 616, 622), acetylglutaric add (p, 624), oxaloacetic acid 
(p. 619), acetoncdicarboxylic acid (p. 62Z), formyl- a,nd acetyl-glutaconic acid (p. 616), 
etc. 


16. ALDODICARBOXYLIC ACIDS 

A. j5-Aldodicarboxylic Acids, 

The simplest member, Formylmalonic acid, OCH*CH(C02H)2, is unknown 
in the free state. From its corresponding aci- or ew^-form (see p. 453) are 
derived the following : — 

Hydroxymeihylenemalonic ester, HOOH ; C(C02C2H5)2, b.p. 218°, is formed as 
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its ethyl ether, ethoxymethylenemalonic ester, C2H50'CH : C(C02C2H6)2> b-P* 280°, 
from malonic ester and orthoformic ester by boiling with acetic anhydride and 
zinc chloride. The ethyl ether is hydrolysed by alcoholic potassium hydroxide 
into the potassium salt of hydroxymethylenemalonic ester. It can also easily 
unite with more malonic ester to form a dicarboxyglutaconic ester (R02C)2- 
CH— CH=C(C02B)2. This substance is decomposed by many reactions into 
derivatives of hydroxymethylenemalonic ester ; ammonia produces amino- 
methylenemalonic ester, HaN-CH : C(C02C8H5)2, m.p. 67°, which cm be formed 
directly from ammonia and ethoxymethylenemalonic ester ; hydrazine, hydroxyl- 
amine, and amidines give rise to cyclic derivatives of hydroxymethylenemalonic 
or formylmalonic acids (Ber. 26, 2731 : 27, 1658 : 30, 821, 1083 ; J.C.S. 59, 
746). Copper salt, m.p. 138°. 

Formylsuccinic acid, 0CH*CH(C02H)CH2C02H, is unknown in the free state. 
Hydroxymethylenesuccmic ester, Sici-formylsuccinic ester, HOCH : C(C02C2H5)- 
CH2CO2C2H5, b.p. 125°/16 mm., is obtained from succinic ester, formic ester, 
and*^ sodium ethoxide. With ferric chloride it produces a violet coloration. 
Reduction produces itamalic ester (p. 612), alkalis decompose it into succinic and 
formic acids (Ber. 26, R. 91 : 27, 3186. Action of Hydrazine, see Ber. 26, 2061). 

Aconicacid : aci-formylsnccinic acid lactone, OCH : C(COsH)CHs(!o, m.p. 164”, 
is formed when itadibromopyrotartaric acid is boiled with water ; methyl ester, 
m.p. 85°. The acid yields formic and succinic acids when boiled with barium 
hydroxide ; reduction produces paraeonic acid (p. 612) ; phenylhydrazine gives 
the phenylhydrazone of jS-formylpropionic hydrazide (p. 461) as well as COg ; 
whilst with aconic methyl ester it forms the phenylhydrazom of formylsuccinic 
monocsier phenylhydrazide, m.p. 167° (Ann. Spl. 1, 347 ; Ann. 329, 373 : Ber. 
31, 2722). 

Formyl pyrotartaric ester (Ber. 37, 1610). 

a-Forntylglutaconic acid, 0CH*CH(C02H)CH ; CHCOgH, is also a hypothetical 
acid, of which the following are derivatives : — 

Cou mafic add, oi-pyrone-'i -carboxylic acid, a-Bci-formylgluiaconic acid lactone. 


OCH ; C(C02H)CH : CH’CO, m.p. 206° (decomp,), is formed from malic acid by 
heating it with concentrated sulphuric acid or with zinc chloride, with probably 
an intermediate formation of hydroxymethyleneacetic acid, HOCH ; CHCOgH 
(p. 4.56), which, with the concentrated sulphuric acid, gives coumalic acid. This 
substance yields yellow salts with excess of alkali, like chelidonic and meconic 
acids (g'.r.). Boiling with barium hydroxide solution decomposes it into formic 
and glutaconic acids ; boiling with dilute sulphuric acid gives two molecules of 
COg and crotonaldehyde. Ammonia produces the aci-fo rmylglutaconic acid lactam, 

^-hydroxynicotmic acid, HN*CH : C(C02H) : GH : CHCO, Hydrazine causes de- 
composition of the lactazam of hydroxymethyleneacetic acid with formation of 
pyrazolone (p. 461) (Ann. 264, 269 : Ber. 27, 791). Methyl alcohol and hydro- 
chloric acid cause fracture of the lactone ring and formation of methoxymethylene- 
giutaconic ester, CHgCOCH : C(C02CH3)CH : CHCOgCHg, m.p. 62° (Ann. 273, 
164). 

B. y-Aldodicarboxylic Acids. 

Acctahnafoiiic csfer, (C2H50)2CHGH2(C02C2H5)2, b.p. 152°/15 mm., and acetal 
methylmalonic eshr are prepared from sodium malonic ester and sodium methyl- 
malonic ester with bromoaeetal. The free acids lose water and form 8-formyl 
fatty acids (p. 456). 

17. KETONE-DICARBOXYLIC ACIDS 

Dibasic carboxylic acids, containing a ketone group in addition to the carboxyl 
groups, are mostly synthesized as follows : — 

1. By the introduction of acid radicals into malonic esters. 

2. By introducing the residues of acid esters into acetoacetic ester. 

3. By the condensation of oxalic esters with fatty acid esters. 

4. By condensation of carboxylic anhydrides with tricarballylic acids. 

5. From Mc.-hydroxydiearboxylic acids or ieri.-hydroxytricarboxylic acids by 
oxidation or decomposition. 
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These methods of formation will be more fully considered under the individual 
groups of the monoketone carboxylic acids. The position of the two carboxyl 
groups is again the basis for their classification, whereby the ketomalonic acid 
group, the ketosuccinic acid group, the ketoglutaric acid group, etc., are 
differentiated. 


Ketomalonic Acid Group 

Mesoxalic acid, dihydroxtjrmhnic acid, [propanediol diacid], 
(H 0 ) 2 C(C 00 H) 2 , m.p. 115°, like ordinary oxalic acid, glyoxylic acid, 
and other substances possessing adjacent CO groups, firmly holds a 
molecule of water, which is assumed to be present, not as water of 
crystallization, but to be combined with the CO-groups : 

(H0)3C— C(0H)3 (H0)2CH— CO^H (H0)2C=(C03H)2 

Ortho-oxalic acid. Orthoglyoxylic acid. Orthomcsoxalic acid. 

Furthermore, esters of mesoxalic acid exist, derived from both 
forms, and are known as keto- (or oxo-) and dihydroxy-malonic esters. 

Mesoxalic acid is prepared (1) from alloxan (p. 633) or mesoxalyl 
urea, an oxidation product of urea when boiled with barium hydroxide 
solution ; (2) from dibromomalonic acid, by boiling barium hydroxide 
solution, silver oxide, or aqueous sodium hydroxide (method of prepar- 
ation : Ber. 35, 1819) ; (3) from aminomalonic acid by oxidation 
with iodine in KI solution ; (4) from glycerol, by oxidation with 
nitric acid, sodium nitrate, and bismuth subnitrate (Ber. 27, R. 666). 

Mesoxalic acid crystallizes in deliquescent prisms. At higher 
temperatures it decomposes into CO a and glyoxylic acid, CHO'COaH 
(p. 455). It breaks up into CO and oxalic acid on the evaporation 
of its aqueous solution. 

Mesoxalic acid behaves like a ketonic acid, inasmuch as it unites 
with primary alkali sulphites ; and when acted on by sodium amal- 
gam in aqueous solution, it is changed to tartronic acid (p. 604). It 
combines with hydroxylamine and phenylhydrazine. 

Salts. — Calcium mesoxalate, C(0H)2(C02)2Ca, and barium mesoxalate, are 
crystalline powders, not very soluble in water ; ammonium salt, C( 0 H) 2 *(C 02 ’- 
NH 4 ) 2 , crystallizes in needles ; silver salt, C( 0 H) 2 -(C 02 Ag) 2 , when boiled with 
water yields mesoxalic acid, silver oxalate, silver, and COg : bismuth salt, Ber. 27 , 
R. 667. 

Esters. — Two series of esters may be derived from mesoxalic acid — the an- 
hydrous or ketomalonic esters, C 0 (C 02 R') 2 > aiid the dihydroxy rmlonic esters, 
C(0H)2(C02R')2* The keto- or oxo-malonic esters absorb water with avidity, 
and thereby change into their corresponding dihydroxymalonic esters. The two 
compounds bear the same relation to each other that chloral bears to chloral 
hydrate : 

H„0 

CClg-CHO Chloral > CCl 3 *CH(OH )2 Chloral hydrate 

HaO 

C0(C02C2H5)2 Ketomalonic ester > C(0H)2(C02C2H5)2 Dihydroxymalonic ester. 

During preparation a mixture of both forms is obtained if water is not ex- 
cluded. Nevertheless, the hydrates easily pass into the anhydrous compounds 
when heated under reduced pressure. 

Mesoxalic ester is produced (1) from mesoxalic acid, by the usual methods ; 
(2) from isonitrosomalonic ester (below) ; or from malonic ester direct by the 
action of nitrous gases (C. 1903, II. 658 : 1906, II. 120 i 1906, II. 320) : 

2(EOjC).CH 8 2(ROjC),C : NOH 2(EOiC)sC : O + 2N80 + HjO. 
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(3) From bromofcartronic ester acetate or bromonitromalonio ester by the action 
of heat (Ber. 25, 36U : 37, 1775) : 


(BO,C)aC(OCOCH3)Br - 
(4) from dihydroxysnccinic 
(Ber. 27, 1305) : 

ROaC'CO 

I 

RO3CCO 


-CH,COBr -NOBr 

> (ROaOaCO < BrN02C(C02R)a. 

ester when heated, some oxalic ester being also formed 


-CO 


BO. 


RO.C/ 


- CO B.O2C. 

— >• I 

RO-C. 


Ketomahnic ethyl ester, C0(C02C2H5)2, b.p. 10iyi4 mm., Dj® = 1*1358, pos- 
sesses a bright greenish-yellow colour. It is a mobile liquid, with a faint but not 
disagreeable odour. 

Dihydroxymalonic methyl ester, (HO)2C(CO 30113)2, m.p. 81°. Dihydroxy- 
malonic ethyl ester, C(OH)2(COaC2H5), m.p. 57°, dissolves easily in water, alcohol, 
and ether. 

Diethoxymalonic ester, (C2H50)2C{C02C2H5), m.p. 43°, b.p. 225° (C. 1897, 
11. 569). Diacetoxymalonic ester, (CH3C0*0)2C(C02C2H5)2, m.p. 145°. Dihaloid- 
rmlonic acids, X2C(G02H)a (see p. 544). 


Nitrogen Derivatives of Mesoxalic Acid 

Nilrobromomalonic acid, BrN02C(C02R)2 ; methyl ester, b.p. 133°/16 inin., and 
fthyl ester, b.p. 137°/11 mm., are formed from nitromalonic ester (p. 545) and 
bromine. As in other per-substituted nitromethanes (p. 186) the halogen is 
easily replaceable. Decomposition into ketomalonic ester (see above) (Ber. 37, 
1775). 

Diammomalonamide, (KH.2)2C{CONll2)n prepared from dibromomalonic 
ester and ammonia. It consists of white crystals, and when heated, easily changes 
into imii^omalonainide, UsPEI : C(CONB[2)2* Tetrarnetkyldianiiyiomalonic ester, 
f(CH3)2X]2C(COOCH3)2, m.p. 84°, is also obtained from dibromomalonic ester 
and NH(CH3)2. Dianilimimlonic ester, (C3HsNH)2C(COOCH3)2, m.p. 125°, 
results from the action of aniline on dibromomalonic ester (Ber. 35, 1374, 1813). 

Oxirniwymesoxalic acid, imnitrosormlonic acid, H0N=C(C02H)2, m.p. 126° 
(with decomposition into CO2, and H2O). It is formed when hydroxylamine 
acts on mesoxalic acid ; also from violuric acid, wonitroso-malonyl-urea (p. 634) 
(Ber. 16, 608, 1021) ; also from isonitrosomalonic esters, HON : C(C02R)2 » methyl 
ester, m.p. 67°, b.p. 168°/16 mm., ethyl ester, b.p. 172°/12 mm., which are prepared 
from the malonic ester, sodium alcoholate, and alkyl nitrites. They form yellow 
alkali salts. Amides and alkylamides of taonitrosomalonic acid (C. 1903, 1. 441, 
448). 

OximidomeSQxalic nitrile ester, isonitrosocyanoacetic ester, HON : C(CN)*- 
CO2C2H5, m.p. 128°, is formed from sodium cyanoacetic ester and amyl nitrite. 
It is a stronger acid than acetic acid (Ber. 24, R. 595 : C. 1902, II. 1412). The 
free isomirosoeyanoacetic acid, m.p. 129° (decomp.), has been obtained in different 
ways : (1 ) from dihydroxytai’taric acid (g.v,) and hydroxylamine, some dioximino- 
suecinic acid being formed at the same time ; (2) from fui-aasandicarboxylic acid, 
the anhydride of dioximinosuccinic acid ; (3) from furazanmonocarboxylic acid 
(p. 601) (Ber. 24, 1988 ; 28, 72) ; 


HON : C-COjH 


HON ; C CO2H 


< N : C-COaH 

i 

N : C-OOaH 


/N : C i 
0<( I 
\N : Cl 


N : C-COgH 

I 

OH 


HON : C-COaH 

1 

N :C 


(4) by the action of N2O5 on isoxazolonehydroxamic acid, prepared from oxalo- 
acetic ^ter and 2 molecules of NH2OH (see p. 622) (Ber. 28, 761). Further 
derivatives of tsonitrosomalonic acid are : isonitrosocyanoacetamide, desoxyfulmi- 
nurio acid, HON ; C(CN)CONH3 (p. 296) ; isoniirosocyanoacetohydroxamic acid, 

HON : C{CN)C is prepared from formyl chloridoxime and NH3 (pp. 289, 

N 

294)» Oxyfurasxtncarboxylic acid, j || , is formed from hydroxy 

ON ; C(C02H)*C0H 

furazanacetic acid (see Oxaloacetic ester, p. 619), 
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Phenylhydrazones.— The pMnylhydrazom of mesoxalic acid, CeHjNH-N : C- 
(COOH)^, m.p. 163^ (deoomp.), is obtained from the acid and phenylhydrazine 
or by the hydrolysis of the esters. The methyl eater phenylhydrazone, m.p. 62*^, 
and ethyl derivative, an oil, are obtained from the mesoxalic esters and phenyl- 
hydrazine or by the action of benzenediazonium salts on sodiomalonic ester 
(Ber. 24, 866, 1241 : 25, 3183 : 28, 858 : 37, 4169). When hydrolysed they 
form the monomethyl and monoethyl ester phenylhydrazoneSy m.pp. 125® and 115°, 
and finally the phenylhydrazone of the acid. 

Phenylhydrazonomesoxalic ester nitrile, benzeneazocyanoacetic ester, CgHsNHN 
C(CN)C02C2H5, or CeHgN ; NCH(CN)C02C2H6, m.p. 125°, is formed from sodium 
cyanoacetic ester and benzenediazonium chloride (Ber. 27, R. 393 : 28, B. 997 : 
C. 1906, II. 625) ; and also from potassium malonitrile and benzenediazonium 
salts. Mesoxalic dinitrile phenylhydrazone, CeHgNHN : C(CN)2 (Ber. 29, 1174). 
Mesoxalic diamide phenylhydrazone, m.p. 232° (Ber. 37, 4173). 

Mesoxalic dmmvde hydrazone, KH2N : C(COjNH2)2, m.p. 175°, is formed from 
dibromomalonic diamide and hydrazine (Ber. 28, B. 1052). 

Oxazomalonic acid is formed by the action of nitric oxide and sodium ethoxide 
on malonic ester. The product of reaction is unstable and forms a sodium salt, 
N2O : C(C02lSra)a + SHgO, with aqueous sodium hydroxide. This and other salts 
readily explode, especially when dry (Ber. 28, 1795). 

Acetylmalonic acid, CH3C0-CH(C02H)2 ; ethyl est^r, b.p. 160°/17 mm., 
results when sodium or, better, copper acetoacetic ester is acted on by chloro- 
formic ester (p. 486) (Ber. 21, 3567 ; 22, 2617). On hydrolysis it decomposes 
into OO2, acetone and acetic acid. Acetomalonio monoester anilide, CHgCO'CH- 
(C0NHCeH5)C02C2H6, m.p. 58°, is formed by the imion of acetoacetic ester and 
phenyl isocyanate. It is decomposed by alkalis in the cold into acetic acid and 
malonic acid anilide (Ber. 33, 2002). 

Acetylcyanoacetic ester, cyanoacetoacetic ester, CH2CO*CH(CN) *00202115, m.p, 
56°, b.p. 119°/15-20 mm,, is prepared (1) from the sodium or pyridine salt of 
cyanoacetic ester and acetyl chloride ; if acetic anhydride be employed, cyano- 
acetyl acetone is also formed ; (2) from dioyanoacetoacetic ester (p. 473) by 
separating hydrocyanic acid by alkalis. When the salts of cyanoacetoacetic 
ester are alkylated and acylated O-derivatives of the enol-iotm result : CHa- 
0(OOH3) : 0(CN)0Oa0H3, m.p. 97° ; CH30(O0O0H3) ; 0(0N)0O2CH3 and am- 
monia yield CH30(NH2) : 0(C]Sr)OOaOH3, m.p. 181° (C. 1904, I. 1135 ; Ber. 37, 
3384). 

Fropionyl cyanoacetic ester, b.p. 155-165°/50 mm. (Ber. 21, R. 187, 354 ; 
22, B. 407 ; 0. 1899, I. 185). 


Ketosuccinic Acid Group 

Oxaloacetic acid, ketosuccinic acid [butanone diacid], C4H4O5, 
is relatively stable in the free state, and is simultaneously an a- and 
/S-keto-acid. The acid is also tautomeric with hydroxymaleic and 
hydroxyfumario acids ; 


OHa— OOOH 
CO—OOOH 


Ketosuccinic 

acid. 


OH COOH 

11 

0(OH)— COOH 
Hydroxymaleic 
acid. 


HOCO— OH 

11 

HOC— COOH 
Hydroxyfumaric acid. 


Oxaloacetic acid is prepared (1) from synthetic oxaloacetic esters 
(p. 620) by hydrolysis with concentrated hydrochloric acid in the cold 
(C. 1904, I. 85) ; (2) from malic acid (hydroxysuccinio acid) and per- 
manganate or H2O2 and ferrous salts at a low temperature (C, 1900, 
I. 328 : 1901, 1. 168) ; (3) from teraconic acid (tsopropyUdenesuccinic 
acid (p. 673) by cleavage of the chain with permanganate ; (4) from 
diaoetyltartario anhydride (q-v,) or acetoxymaleic anhydride (see 
below), pyridine and acetic acid, there is formed the pyridine salt of 
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hydroxymaleic anhydride which with dilute acids yields oxaloacetic 
acid or hydroxymaleic acid (Ber. 40, 2282) : 

CH 3 COOCHCOV CHaCOO-CCOv c^H^N 

I >0 > II >0 ^ 

CH 3 COOCHCO/ HCCO/ 

CsHsNO-C CO\ HOC-CO\ 

1 II >0 ^ II >0 

H CH— CO/ HC-CO/ 

When the pyridine salt of hydroxymaleic anhydride is treated 
with 12% sulphuric acid, hydroxymaleic acid, m.p. 152°, is formed, 
which is converted by 30% acid into hydroxyfumaric acid, m.p. 184°, 
from the salts of which dilute acids regenerate hydroxymaleic acid ; 
probably ketosuccinic acid is formed as an intermediate product. 
Hydroxyfumaric and hydroxymaleic acids show equally strong 
colorations with ferric chloride and decoloration of permanganate 
(reactions of the enol group). The heat of combustion of hydroxy- 
maleic (286'58 cals.) is 10-8 cals, more than that of hydroxyfumaric 
acid (see Fumaric and Maleic acids, pp. 79, 569). 

Hydroxymaleic anhydride, &ci‘Oxaloac€tic anhydride, H0*C2H(CO)2O, m.p. 85^ 
with transformation, is prepared from the pyridine salt, m.p. 108® (see above), 
by the action of HCl in ether. It is very hygroscopic. Acetyl chloride produces 
from it acetoxymaleic anhydride, CH3C00-C2H(C02)0, m.p. 90°, which is also 
formed when oxaloacetic acid and acetylene dicarboxylic acid are acted on by 
acetic anhydride at 100° (Ber. 28, 2511). 

Hydroxymaleic anhydride, when treated with aniline at — 20° and acidified 
with hydrochloric acid, is changed into hydroxynuileinanilic acid, CgH^NH- 
COC(OH) : CHCOOH, m.p. 113° (decomp.), which is converted by lOi^ sulphuric 
acid into hydroxyjumaranilic acid, m.p. 140° (decomp.). The ethyl ester of 
oxaloacetanilic acid, CgHsNHCOCHjsCO-COgCgHs, m.p. 88°, the third isomer, 
is obtained from oxalic ester, acetanilide, and sodium ethoxide. The anil acids 
are converted by acetyl chloride into hydroxyTnaleinanil (and further into acetoxy- 
nmleviaml, GH 3 COO-C 2 H(CO) 2 NC 6 H 5 , m.p. 126°), which easily loses water and 
forms the dimolecular xanthoxalanU ; aniline produces anilitiomaleinanil, 
CsH 5 NH-aH(CO)NC 6 H 5 , m.p. 233° (see above) (Ber. 40 , 2282). 

Hydroxyfumaranilic acid and hydroxymaleinanilic acid, which are fairly 
stable alone, are decomposed even at 0° by aniline into COg and pyroracemic 
anilide (p. 465). 

Oxaloacetic ethyl ester, CaHsOOC-COCHsCOOCsHs or C 2 H 5 OOC - 
C(OH) : CH'COOC 2 H 5 , b.p. 132°/24 mm., and the methyl ester, m.p, 
IT (labile form, m.p. 87°), b.p. 137°/39 mm. (Ann. 277, 375 : Ber. 
39, 256), are formed from oxalic and acetic esters (p. 467) by means 
of sodium alcoholate {W, Wislicenus) ; also from acetylenedicarboxylic ^ 
esters (p. 623) by the addition of water by warming with sulphuric 
acid ; and from the silver salt of oxaloacetic acid and alkyl iodides. 
When boiled with alkalis, the ethyl ester undergoes acid cleavage ” 
into oxalic acid, acetic acid, and alcohol ; when boiled with dilute 
sulphuric acid “ ketone cleavage ” occurs into CO 2 and pyroracemic 
acid, CHa^CO-COaH (p. 462). When heated under ordinary pressure 
it suffers carbon monoxide cleavage ” into CO and malonic ester, 
with pyroracemic ester as a by-product (Ber. 28, 811) : 

COjC^Hs'COlOH^COjCaHy Acid cleavage 
COjCaHs'CO’CH^OjCjH^ Ketone cleavage 
COaCjHg'^^’CHjCOjCjHg Carbon monoxide cleavage. 
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Reduction converts oxaloacetic ester into the ester of i-malic acid 
(Ber. 24, 3416). 

Ferric chloride colours a solution of the ester a deep red. Copper 
acetate precipitates the ethyl ester as a green copper salt (Ca 
Cu + HgO, m.p. 155°, anhydrous, m.p. 163°. If this salt is boiled with 
methyl alcohol, it is converted into the copper salt of oxaloacetic methyl 
ethyl ester, COOCHa-COCHaCOOCaHs, b.p. 110°/13 mm. (Ann. 321, 
372). 

Ammonia becomes added on to oxaloacetic ester, forming what is 
probably the ammonium salt of the BxA^oxahacetic ester (hydroxy- 
fumaric or hydroxymaleic ester), C 2 H 5 O 0 C-C(ONH 4 ) : CH-COOCaHs, 
m.p. 83°. It becomes gradually changed into oxalocitric lactone ester 
(p. 720), which is also formed from oxaloacetic ester and a tertiary 
amine (c/. Ber. 39, 207). 

Aminofumaric ester, C2H50C0*C(NH2) : CH-COaCgHg, b.p. 142°/20 mm., 
is formed when the above ammonium salt is rapidly distilled ; also, from ehloro- 
fumaric and ehloromaleic ester and ammonia. Copper acetate slowly regenerates 
the copper oxaloacetic ester {Ann. 295, 344). Aminofumaramio ester, m.p. 
139®, and aminomaleinamic ester, m.p. 119° (C. 1897, I. 364). 

Similarly to acetic ester, oxalic ester also condenses with acetonitrile (Ber. 
25, R. 175), and with acetanilide (see above) (Ber. 24, 1246). 

o^s.-Diethoocysuccinic ester, C02C2H5-C(0C2H5)2CH2C02C2H5, is formed to- 
gether with ethoxyfumaric ester (below) both from ordinary dibromosuccinic 
ester and acetylenedicarboxylic ester by the action of sodium ethoxide. 
ethoxysuccmic acid, when allowed to stand imder greatly reduced pressure or 
when heated to 100°, loses ether and becomes converted into oxaloacetic acid 
(Ber. 29, 1792). 

Ethoxyfumaric ester, C2H500C*C(0C2H5) : CH’COOCgHg, b.p. 130°/11 mm., is 
prepared from silver oxaloacetic ester and iodoethane, and from dibromosuccinic 
ester, with simultaneous formation of diethoxysuccinic ester (see above), by taking 
up alcohol. The free ethoxyfumaric acid, m.p. 133°, is obtained from the ester 
by the action of cold dilute alkali. Acetic anhydride converts it into -the fluid 
ethoxymaleic anhydride, which takes up water and forms ethoxymaleic acid, m.p. 
126°. Both acids are hydrolysed by hydrochloric acid into oxaloacetic acid 
(Ber. 28, 2512 ; 29, 1792). 

Methyloxaloacetic ester, oxahpropionic ester, C02C2H6’C0-CH(CH3)*C02- 
C2H5, is formed from oxalic ester and propionic ester. Methyloxaloacetanil, 

1 1 

CO‘CO-CH(CH3 )CONCoH 5, m.p. 192°, is prep ared from oxalic e s ter and pro- 

pionanilide ; also from anUinocitraconanil, (!lO*C(NHC6H5) : C{CH3)G0NC3H5, 
the product of action of chloro- or bromo-citraconanfl (p. 571) and aniline, by the 
action of sulphuric acid (Ber. 24, 1256 : 35, 1626). 

Etkyloxaloacetic ester, oxalohutyric ester, COaCgHs-CO *011(02115)00202115 
(Ber. 20, 3394). Dimethyloxaloacetic ester, oxaloisobutyric ester, 
C(0Hg)2CO202H5, b.p. 117°/11 mm., is obtained from oxalic ester, bromoiso- 
butyric ester, and magnesium (Ber. 41, 964). Methylethyloxaloacetic ester, b.p. 
134°/14 mm. (0. 1905, I. 1590). 

Nitrogen Derivatives of Oxaloacetic Acid (Ber. 24, 1198). Bor the salt- 
like addition products of oxaloacetic anhydride and oxaloacetic ester with pyridine 
and ammonia, and their reaction products, see p. 620. 

Oximes and Phenylhydrazones. a-Oximinosuccinic acid, m.p. 143° (decomp.), 
is formed from oxaloacetic acid and hydroxylamine. Acetic anhydride converts 
it into the p-acid, m.p. 126° (decomp.) (0. 1901, I. 353). ^-Oximimsuccinic 
7nonoethyl ester, m.p. 54°, is prepared from the oxime of oxaloacetic ester and 
water ; and oL-oxirninosuccinic ethyl ester, m.p. 107°, is obtamed from di-iso- 
nitrososuccinylsuccinic ester and water. When heated they both yield OO2 
and a-oximinopropionic ester, OH3C : N(0H)00202H5. Both monoesters are 
given the formula COgH-CHjO ; N(0H)C02C2H5, and are assumed to be stereo- 
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isomers (Ber. 24 , 1204), Oximimmiccinic ester, COgCgHs-C : N(0H)-CH2C02C2H5, 
is a colourless oil (Ber. 21 , R. 351). See aspartic acid and asparagine (pp. 
008, 609). 

Hydroxylamine and ammonia act on oxaloacetic ester producing the am- 
monium salt of isoxazolonehydroxamic acid (I), which is converted by alkalis into 
hydroxyjurazanacetic acid (II). 

0-N:C-CHj-cd /N-.CCHjCOOH 

1 > 0/ I 

HON ; C(OH) \N : C(OH) 

(I) (II) 

which is oxidized by permanganate into hydroxyfwazancarboxylic acid (Ber. 
28, 761). 

Phenylhydrazine reacts with oxaloacetic acid to form a phenylhydrazone, 
COOH;*C(NNH-C 6 H 5 )CH 2 -COOH, m.p. 95°, with decomposition into COg and 
pyroracemic acid phenylhydrazone. It undergoes the same decomposition when 
boiled with water, but when heated with acids, it forms phenylpyrazolonecar- 
boxylic acid (C. 1902, II. 189) : 

COOH-C-CHa h, 0 COOH-C-CHa-COOH h«SO. COOH-C-CHa-CO 

!1 11 II I 

NNHCeHg NNHCeHg N N-CeHs 

Phenylhydrazine becomes added to oxaloacetic ester like ammonia (p. 621) ; 
the addition ^product, m.p. 105°, is either a phenylhydrazine salt of hydroxyfumaric 
ester or is analogous to an aldehyde-ammonia compound. It readily changes 
into oxaloacetic ester phenylhydrazone, 97°, which is also formed from acetylene 

dicarboxylic ester and phenylhydrazine. The reaction products of hydrazine 
and phenylhydrazine on oxaloacetic acid also readily form pyrazolone derivatives 
by loss of alcohol (see above) (Ann. 246 , 320 : Ber. 25 , 3442 : 26 , 1721). 

Diazomccinic ester is formed when aspartic ester hydrochloride reacts with 
sodium nitrite : an optically active diazosuecinic ester is formed from an active 
aspartic ester (J.A.C.S. 44, 1798). It is yellow in colour, and is easily decomposed. 
When boiled with water it forms fumaric ester ; reduction re-produces aspartic 
ester. Diazosuccinamic methyl ester, CH 302 C*CN 2 *CH 2 C 0 NH 2 , m.p. 81°, is 
formed, together with fumaramide, from diazosuecinic methyl ester and ammonia 
(Ber. 19, 2460 : 29 , 763 i 37, 1264). 

Urea unites with oxaloacetic ester to form uracilcarhoxylic ester (l),m.p. 189°, 
and dioxaloacetic ester carbamide (2), m.p. 104° ; guanidine produces dteaZoaccizc 
ester guanidine (3), m.p. 147° (decomp.) (C. 1898, I. 446) : 

BOjC-C : CH-CO / CHgCOoRx / CH^COaRx 

(1) I 1 (2)CO{ 1 ) (3)HN*.C( 1 ) 

NH‘CONH XNtC-COaR \N : C-COgR 


Acetosuccinic esters and alkyl acetosuccinic esters are produced when 
sodium acetoacetic esters and their monoalkyl derivatives are acted on by esters 
of the a-monohalogen fatty acids. 

Acetosuccinic ester, EtO-CO*CH 2 -CH(COCH 3 )*COOEt, b.p. 141°/14 mm., is 
prepared from sodiium acetoacetic ester and bromo- or chloroacetic ester. The 
hydrogen atom of the CH-group, in the esters, can be replaced by alkyls, e.g., 
by methyl : 

a-Methylaceiositccimc ester, CH3C0C(CH3)(C0aC2H5)-CH2C02C2H5, b.p. 263°, 
is also formed from methyl acetoacetic ester and chloroacetic ester. 

pMethylacetomccinic ester, CH3C0*CH(C02C3H5)*CH(CH3)C02C2Hb, b.p. 
263°, from acetoacetic ester and a-bromopropionic ester. 

When heated alone the a.cetosuccinic acids act as in the act- or eno^-form, 
lose alcohol and form olejflnelactonecarboxylic acids (C. 1898, I. 24). Ammonia 
and the primary amines produce aminoethylidenesuccinic ester, which readily 
changes into olefine-lactam ester : 


CHaCO-CH-COgR 


CHaCOjR 


NH-CO-CHa 


Ammonia produces a-aminoethylule^iesuccinic ester, ra.p. 72°, and aininoethylulene 
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mccinimide, which is converted by hydrochloric acid into acetosuccinimide, 
m.p. 84-87° (Ann. 260, 137 : Ber. 20, 3058 : C. 1897, I. 283) : 


CH3C=C— CO\ 

I I >NH 
NHo CH«-CO/ 


CHaCO-CH — CO> 


.—CO/ 


Acid cleavage changes acetosuccinic acids into acetic and succinic or alkyl 
succinic acids {pp. 300, 547). Ketone cleavage causes the formation of COg and 
y-keto-acids (p. 477). Nitrous acid causes acetosuccinic ester to lose alcohol and 
CO 2 , and to change into isonitrosolaevulinic acid (p. 602) (c/. ^^oNitrosoacetone, 
p. 407). 


COAHfi-CHa-CH-COCHg ^*0 


COaH-CHg-C : (NOH)-CO-CH3. 


Ketoglutaric Acid Group 

a-Ketoglutaric acid, COOH-CHaCHa-CO-COOH, m.p. 113°, is obtained 
from oxalosuceinic ester by ketone cleavage (C. 1908, II. 786). CyanooximiTW- 
butyric add, C02H*CH2*CH2*C(:N0H)CN, m.p. 87°, is a derivative of a-keto- 
glutaric acid. It is formed when cold sodium hydroxide acts on furazanpro- 
pionic acid (p. 601). When it is boiled with sodium hydroxide a-oximinoglutaric 
acid, C02H*CH2-CH2C(:N0H)C02H, m.p. 152°, is produced (Ann. 260, 106). 

Acetonedicarboxylic acid, ^-ketoglutaric acid, C0(CH2C02H)2, 
m.p. about 130®, with decomposition into CO 2 and acetone. It may 
be obtained by warming citric acid with concentrated sulphuric acid 
(v, Pechmann, Ber. 17, 2542 : 18, R. 468 : Ann. 278, 63 : large-scale 
preparation, see Ann. 422, 5), and by oxidizing it with permanganate 
(C. 1900, I. 328). The diethyl ester may be prepared by the action 
of alcoholic hydrochloric acid on y-cyanoacetoacetic ester. 

Acetonedicarboxylic acid dissolves readily in water and ether. 
Decomposition into acetone and carbon dioxide which takes place 
on heating the acid alone, also occurs on boiling it with water, acids, 
or alkalis. .The solutions of the acid yield a violet coloration with 
ferric chloride. The acid yields on reduction )S-hydroxyglutaric acid 
(p. 614) and by the action of phosphorus pentachloride ^S-chloro- 
glutaconic acid (p. 576). 


The action of hydroxylarnine produces the oxime, COOH*CH 2 *C(:NOH)*- 
CH2*C00H + HgO, m.p. 54° (anhydrous, m.p. 89°) (Her. 23, 3762), Nitrous 
acid produces diisonitrosoacetone (p. 592) with elimination of carbon dioxide 
(Ber. 19, 2466 : 21, 2998). Acetic anhydride acts on the pure acid with the 
formation of the anhydride, m.p. 138-140° (Ann. 422, 7) : from the crude acid, 
contaminated with traces of sulphuric acid, the reaction product with acetic 
anhydride is dehydraceticcarboxylic acid (I) (Ann. 273, 186) : 

CHs*CO*CH ' CO • C COOH 

1 II W 

CO— O— CCHa 

Esters of Acetonedicarboxylic Acid. Methyl ester, b.p. 128°/12 mm. Ethyl 
ester, b.p. 138°/12 mm. (Ber. 23, 3762 ; 24, 4095 : C. 1906, II, 1395). Ethyl 
hydrogen ester is best obtained by the action of absolute alcohol on the anhydride 
of the acid : its potassium salt has been used in the synthesis of tropine (Ann. 
422, 11 : see Vol. 11). 

Acid and alkaline reagents cause the esters to lose alcohol and water, and 
readily to condense to orcinol-a>,2:6-tricarboxylic ester, 
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Sodium and alkyl iodides produce alkylacetonedicarboxylic esters, whereby 
the hydrogen atoms of the two CHg-groups can be successively replaced by alkyl 
groups (Ber. 18, 2289) ; it is, however, difficult to separate completely the 
various products of the reaction. cLOL'-Dimethylctcctonedicarboxylic esteT^ CH3- 
CH(C02R)C0CH(C02B)CH3, is condensed by concentrated sulphuric acid 
into the ester of the monobasic axii-dimethylcyolobutayiedionecarbooiyylic acid, 
CH3C--CO 

li I , (Ber. 40, 1604), of which the sodium salt reacts with 

HOC—ClCHjjCOgR 

iodomethane in alcohol to form trimethylacetonedicarboxylic ester. This is also 
formed from aa-dimethylacetonedicarboxylic ester, (CH3)2C(C02B)*C0CH2C02R, 
the product of reaction of dimethylmalonic ester, acetic ester, and sodium 
(C. 1903, 1. 76 t 'll. 190). OLOL-Diethylacetonedicarboxylic ester, C02C2H5*C(C2H5)2- 
COCH2CO2C2H5, is formed by the carbon monoxide cleavage of a-diethyl-y- 
oxalylaeetoacetic ester, C2H502C-C(C2Hs)2C0CH2C0C02C2Hg (c/. p. 620) (Ber. 
33, 3438). 

Iodine and di- sodium acetonedicarboxylic ester produce hydroquinone tetra- 
carboxylio ester (Vol. II). 

Condensation of acetonedicarboxylic ester and aldehydes (Ber. 29, 994 ; 
R. 93 : 41, 1692, etc.). 

The 0-ethyl ether, ^-ethoxyglutaconic ester, C2H502C*CH : C(0C2H5)*CH2CO2- 
C2H5, b.p. 146®/14 ram., is formed from acetonedicarboxylic ester, orthoformic 
ester, and acetyl chloride. Hydrolysis produces at first the free p-ethoxygluta- 
conic acid, m.p. 182° (C. 1898, II. 414). 

Aqueous ammonia converts the ester into ^-hydroxyamimglutaminic ester, 
R02C-CH2C(0H)(NH2)*CH2C0NH2, and then glutazine, ^-amimglutaconimide, 

i I 

CO-CH : C(NH2)*CH2C0NH, m.p. 300° (decomp.). The ester is converted by 
alcoholic ammonia into P-aminoglutaconic ester, ROgC'CH ; C(NH2)CH2C02R 
(Ber. 23, 3762). Aniline at ordinary temperatures produces the a7iil, CeHgN 
C(CH2C02R)2, m.p. 98° ; whilst at 100° the anilide, OC(CHgCONHC6H5)2, is 
formed, together with other substances (Ber. 33, 3442 : 35, 2081). 

Nitrous acid converts acetonedicarboxylic esters into i^onitrosoacetonedicar- 
boxylic ester (1) and hydroxyisoxazoledicarboxylic ester (2) (Ber. 24, 857 : see also 
Biochem. J. 25, 1921) ; fuming nitric acid produces a di-isonitroso-peroxide (3) 
(Ber. 26, 997) : 


(1) 


ROgC-CCOCHg-COaR 


NOH 


(3) 


ROgC-G-CO-CCOgR 
II II 
NOON 


RO,>-C-C*C(OH) : C-OOgR 

(2) “ 11 I 

N 0 


The phenylhydrazone of acetonedicarboxylic acid, like its ester, readily forms 
the corresponding phenylpyrazoloneacetic acid (Ber. 24, 3253) : 


C^HgNHN : C CHgCOgH 

I 

HOOC-CHg 


CgHgN^N : C-CHoCOgH 
1 1 
CO — CH2 


y-€yaru)acetoacetic ester, CN'CHgCO-CHgCOaCaHg, b.p. 135°/40 mm., is formed 
from y-chloroacetoacetic ester and potassium cyanide (Ber. 24, R. 18, 38). y-Gy- 
arvodimethylacetoacetic ester, CJH -OR fiO-C(CH3)y CO is formed from y-bromo- 

dimethylacetoacetic ester. When heatetl with alkalis or acids it passes into 

C02H-CH-CH(0 H[)-C(CH3)2 

aa.-dimethyl-^y-dihydroxyglutaric acid lactone, | | , m.p. 

O—- CO 

214° (Ber. 32, 137), which, on reduction, is converted into y-hydroxydimethyl- 
giutaric acid lactone (p. 614). 

a-Acetyl-n-^lutaric acids are prepared by the action of jS-iodopropionic 
ester on the sodium compounds of acetoacetic ester, and the alkylacetoacetic 
estei-s: a-acetoglutaric ester, R0oC-CH(C0CHa)CH2-CHo*C02R, b.p. 272°; 
a-ethyl-7.-a€f^lutanc ester, R02C*C(C2H5)(C0CH3)-CHgCH2C02R, decomposes 
oil <iistiUation. On loss of COg, the free acids pass into the corresponding S-keto- 
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carboxylic acids (p. 480) (Ann. 268, 113). With ammonia and primary amines 
they form lactams of 8-ammo -olefine dicarboxylic mono -esters (Ber. 24, R. 660). 

^-Acylglutaric esters are formed when the sodium salt of tricarballylic 
acid (p. 647) is heated with carboxylic anhydrides, with simultaneous loss of COg ; 
they are, however, converted at the temperature of reaction into dilactomSf 
from which the ketone dicarboxylic acids are regenerated by the action of alkalis 
{Fittig^ Ann. 341, 1): 


HOOCCH< 


yCHaCOOH (RCO)^© J /CHgCOO 


NCHoCOOH 


> RC CH< ^ 

XCH.COO 


-> RCO CH< 


< 


CHgCOOH 

.CH,COOH 


Tricarballylic acid. Dilactone. /3-Acylglutaric acid. 

^’Acetylglutaric acid, CH3CO*CH(CH2COOH)2, m.p, 58®, is obtained from 
its dilacione, m.p. 99°, b.p. 205®/! 2 mm., by the action of boiling water or alkalis. 
The dilactone is formed when sodium triearballylate is heated with acetic anhy- 
dride at 120-130°, also when acetotricarballylic ester is boiled with hydrochloric 
acid (Ann. 295, 94). 

^’ButyryU and p-iaobutyryl-glutaric acids, CH3CH20H2C0CH(CH2C00H)2, 
m.p. 88°, and (CH3)2CHCOCH(CH2COOH)2, m.p. 100° (decomp.) ; dilactones, 
m.pp. 55° and 90°, are obtained from sodiimi triearballylate and butyric or iso- 
butyric anhydrides. 


HIGHER KETODICARBOXYLIC ACIDS 


Oximes of a-keto-adipie acid and a-ketopimelic acid are obtained from adipic 
and pimelio esters by means of their carbocyelie condensation products (c/. p. 560) 
when acted on by ethyl nitrite and sodium alcoholate : 


CH2-CH(C02R 

I 

CHa CH 



0 


Hno, CH2-C(N0H)C02R 
BOH CHa-CHa'COaR 


(X-Oximinoadipic ester, m.p. 53°; acid, H02C*CH2CH2CH2C(N0H)C02H, 
m.p. 152° with decomposition into CO2, H2O, and glutaric acid nitrile (p. 558). 

OL'Oximino-y-methyl^dipic ester, m.p. 50° ; acid, HOOC'CH2CH{CH3)*CH2“ 
C(N0H)C02H, m.p. 163° with decomposition into CO2, H2O, and j3-methyl 
glutaric acid nitrile (p. 558). 

(X’Oximinophnelic ester, an oil ; acid, HOOCfCH2]4C(NOH)C02H, m.p. 143° 
with decomposition into CO2, H2O, and adipic acid nitrile (p, 561) (Ber. 33, 579). 

y-Ketopimelic acid, acetonediacetic acid, hydroclielidonic acid, CO(CH2CH2- 
C02H)2, m.p. 143°, is formed from chelidonic acid (or acetonedioxalic acid, p. 677) 
by reduction ; also from furfuraerylic acid (Vol. Ill) by cleavage with hydro- 
chloric acid. Treatment with acetyl chloride or acetic anhydride converts it 
into a dilactone, m.p. 75°, which when boiled with water or alkalis re-forms the 
acid : 

/CH2CH2CO2H i /CH2CH2COO 

CO< ^ C< 

\CH2CH2CO2H I \CH2CH2COO 


This dilactone is also formed during the prolonged heating of succinic acid : 
2C4He04 = C,H804 -f COj -f 2H2O (Ber. 24, 143 ; Ann. 267, 48 : 294, 165). 
Hydroxylamine produces the oxime, C(N0H)(C2H4-C02H)2, m.p. 129° (decomp.) ; 
phenylhydrazine gives rise to the phenylhydrazone, C(N2^*^6^6)(^2H4C^2^)2» 
m.p. 107°. The ethyl ester, b.p. 17i°/12 mm., gives, with bromine, sym.-dibrotno- 
acetonediacetic ester ; methyl ester, m.p. 58° ; e&yl ester, m.p. 49° (Ber. 37, 3295). 

Phoronic acid, y-keto-accee-tetramethylpimelic acid, C0[CH2*C(CH3)2C02H]2, 
m.p. 184°, is formed from the addition product of phorone and two molecules of 
hydrochloric acid (p. 273) by successive treatments with potassium cyanide and 
hydrochloric acid (Ber. 26, 1173). The corresponding y-dilactone, m.p. 143° 
(Ann. 247, 110). 

h-Keto-azelaic acid, acetonedi-p^propionic acid, C0[CHaCH2CH2G02H]2, m.p. 
102° {dimethyl ester, m.p. 31°), is obtained from acetonedipropionic dicarboxylic 
VOL. I. S S 
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ester, the product of di'Sodium acetonedicarboxylic ester and two molecules of 
)S-iodopropiomc acid. Reduction changes it into h^hydroxyazelaio acid, HOCH- 
[CHgCHjjCHoCOaHjg, m.p. 105®, When heated it gives off water, but instead 
of a dilactone (p . 625) a hexa methylene ring body is formed ; dihydroresorcyU 


propwnic acid, COCCHalgCOCHCCHalaCOaH. This, on cleavage with nitrous 
acid (c/. p. 625), yields oximino-acetonedipropionic acid, HO2C[CH2]aCO0- 
(NOH)[CH2]2C02H, which by the Beckmann inversion and hydrolysis of the 
product yields glutaric and succinic acids (Ber. 37, 3816). 

OLEFINE- AND DI- OLEFINE -KETONE DICARBOXYLIC ACIDS 

Oxalocrotonic acid, COOH-CO-CHaCH : CH-COgH, melts at 190®, with for- 
mation of a di“Ole^e -lactone carboxylic acid, a-pyrone-^-carhoxyUc acid. 


COaH- koB •CH : GHCOO, m.p. 228® ; it is prepared from oxalocrotonic ester, 
CgHsOjC'CO-CHaCH : CHCO 2 R, m.p. 79®, which is formed by condensation of 
oxalic and crotonic esters by sodium alcoholate. Like oxaloacetic ester, it 
possesses strong acidic properties (c/. Glutaconic ester, p. 454) (C. 1901, II. 1264). 

a’Aceto-p^methylglutaconic add, CHaCO*CH(C02H)C(CH3) : CHCO 2 H, is the 
hypothetical acid of which the lactone of the a ci-form is isodehydracetic acid. 


dimethylcoumalic acid, CB.fi : C(C02H)*C(CH3) : CHCO, m.p. 155®. This is 
obtained by condensation of acetoacetic ester by means of sulphuric acid ; also by 
reaction of sodium acetoacetic ester with jS-chlorocrotonic ester. The lactone 
decomposes at 205° into CO^ and mesitene lactone (p. 454). Methyl eater, m.p. 
67°, b.p. 167°/14 mm. ; ethyl ester, m.p. 25°, b.p. 166°/12 mm., takes up two mole- 
cules of ammonia to form a salt which resembles ammonium carbonate in its 
decompositi on products ; at 100-1 40®, ho wever, there is formed the corresponding 

lactam, CHjc!) ; C(C02Et)C(CH3) : CHCoilH, which is also formed by condensa- 
tion of jS-aminocrotonic ester (p. 454) (Ann. 259, 172 : Ber. 30, 483). 

P-Carbonyldiacrylic acid, A^-pentadien-y-one-ae-dicarhoxylic acid, CO[CH 
CHCOOHjj, m.p. above 230° (deeomp.). Its esters are yellow-coloured ; dimethyl 
ester, yellow lesSdets, m.p. 169°, diethyl ester, yellow prisms, 50°, are formed from 
dibromoacetonediacetic esters (above) by the loss of 2 molecules of hydrobromic 
acid through quinoline (Ber. 37, 3293). 

CarbonyldimeUiacrylic add, A^^^heptadien-h-one-^^’dicarboxylic add, acetone- 
dtpyroracemic add is precipitated from its salts in the form of its anhydride 

k CH : C{CH,)Coi) 

, m.p. 166°, b.p. 234°, which is obtained by 

CH : C(CH8)*C00 


the condensation of acetone and pyroracemic acid (Ber. 31, 681). 

The Uric Acid Group 

Uric acid is a compound of two cyclic urea residues combined with 

HN-^0 

a nucleus of three carbon atoms : OC C~~NH\ By its oxida- 

1 II >00. 

HN— C— NH/ 

tion the ureides of two dicarboxylic acids — oxalic acid and mesoxalic 
acid— -were made known. The ureide of a dicarboxylic acid is a 
^npound of an acid radical with the residue, NH-CO-NH ; 

“ ureide of oxalic acid, oxalyl urea, parabanic acid, 

CO — ^NH' 

They are closely related to the imides of dibasic acids, succinimide 
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(p. 552), and phthalimide ; and parabanic acid may, for example, be 
regarded as a mixed cyclic imide of oxalic and carbonic acids. Like 
the imides, they possess the nature of an acid, and form salts by the 
replacement of the imide hydrogen with metals. The imides of dibasic 
acids are converted by alkalis and alkaline earths into amino-acid 
salts, which lose ammonia and become converted into salts of dibasic 
acids. Under similar conditions the ureide ring is ruptured. At first 
a so-called •‘Uric acid is produced, which finally breaks down into its 
components, urea and a dibasic acid : 


CHgCO 

I 

CKfiO 



Succmimide. 


CHgCOOH 
Succmamic acid. 


CH2COOH 
I +NH3 

CH2COOH 
Succinic acid. 


CONHv 

I >0 

CONH/ 

Parabanic 

acid. 


CONHCO 

1 I 

COjH NHj 
Oxaluric 
acid. 



COOH 

I 

COOH 

Oxalic 

acid. 


+ >CO. 

NHj/ 

Urea. 


The urea derivatives of aldehydo- and keto-carboxylic acids, such 
as glyoxylic acid and acetoacetic acid, will be discussed in connection 
with the ureides and -uric acids of the dicarboxylic acids. Examples 
are allantoin and methyluracil. The first can also be prepared from 
uric acid, whilst methyluracil constitutes the parent substance for 
the synthesis of uric acid. 


Ureides of Aldehyde- and Keto-monocarhoxylic Acids 

These bodies are connected theinselves with the ureides of the oxyacids, 
hydantoin, and hydantoic acid, which have already been discussed (p. 499). 
The following compounds with urea are derived from glyoxylic acitl : 

OCH-CO-NHCONHa HOCH CO-NH-CONH 

AUanturic acid or Glyoxalyl urea. 


(NH2C0NH)2CHC00H NHgCONH-CHCO-KHCoira: 

Allantoic acid. Allantoin. 

Allantoin, C4H8O3, m.p. 231® (decomp.), is present in the urine of sucking 
calves, in the allantoic liquid of cows, and in human urine after the ingestion 
of tannie acid. It has also been detected in beet- juice (Ber. 29, 2t>52). It is 
produced artificially on heating glyoxylic acid (also mesoxalic acid, C0(C02H)2) 
with urea to 100® ; also from hydantoin by the action of bromine and urea 
(Ann. 332, 134). 

Allantoin is formed by oxidizing uric acid with Pb02 and MnOg, potassium 
ferricyanide, or with alkaline K3Mn04 (Ber. 7, 227). Methylated uric acids when 
oxidized in alkaline solutions yield methylallantoins (c/. p. 637) (Ann. 323, 185). 

Allantoin crystallizes in gHstening prisms, which are slightly soluble in cold 
water, but readily in hot water and in alcohol. It has a neutral reaction, but 
dissolves in alkahs, forming salts. 

Sodium amalgam converts allantoin into glycoluril, or aeetylenediurea. 

Allantoic acid (fonnula, see above) decomposes at 166®, is prepared by 
hydrolysis of allantoin or its salts. It is not very soluble in water, and readily 
decomposes into urea and glyoxylic acid. Ethyl ester, (NH2C0NB[)2CHC02- 
C2H6, is prepared from glyoxylic ester, urea, and hydrochloric acid. Ammonia 
or a&ali hy^oxide solutions condense it to allantoin (C. 1904, 1, 792 : 1906, II. 
578). 

AUanturic acid (formula, above) is obtained when allantoin is warmed with 
nitric acid, and by the oxidation of hydantoin (p, 499), It is a deliquescent 
amorphous mass^ insoluble in alcohol. 
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Glyosylic acid unites with guanidine to form, according to the conditions of 
reaction, guanidineglyoxylic acid (1), m.p. 210° (decomp.), or miidoallantoin (2) (?) 
(Ann. 315, 1) ; but with thiourea it forms glyoxylthiocarbimide (3), consisting of 
red-brown crystals (Ann. 317, 151) : 


/NH~~OHOH yNH— CH-NHv yNH-CO 

(1) HNO( I (2) HNC< 1 >CO (3) SCkf 

XnHo COOH 


MTHa C0*NH/ 


\N=CH 


Pyruvil, NH2CONH *0(0113)00 ‘NHCONH, is formed by heating pyroracemic 
acid and urea, during which an intermediate product, CH30(NHCONH2)20OOH, 
is formed (C. 1901, II. 1114). 

The uracUs are the ureides of j8-aldo- and ^-keto-carboxylic acids. The 
simplest macil, the ureide of formylacetic acid, its amino -derivative cytosine, 
like thymine, the ureide of a-formylpropionic acid, together with various purine 
derivatives (p. 637), occur in the nucleic acids (see Proteins) which occur in thymus 
glands, fish spermatozoa, yeast, kernels of plants, etc., and obtained from these 
by hydrolysis with sulphuric acid. The uracils contain the six-membered pyrim- 
idine ring (Vol. Ill), which, when united to the five-membered glyoxaline ring, 
forms the skeleton of uric acid (g.t?.). Derivatives of uracil are, therefore, 
employed in many ways for the synthesis of uric acid and other purine deriva- 
tives (pp. 639, et seq.). 

(a) (1) 

Uracil, 2 : Mihydroxypyrimidine, C4H4O2N2. (5) CH 
C/OHl • N 

]^2^^C(0H), m.p. 335° (decomp.). It is prepared from nucleic 

acid (p. 748), and synthesized (1) from hydrouracil (p. 500) by bromination to 
bromohydrouracil, C4H5Br02N2, and withdrawal of hydrobromic acid by means 
of pyriciine ; (2) Trichloropyrimidine, C4HCI3N2, obtained from barbituric acid 
(p. 630), and POCI3, reacts with sodium methoxide to form dimethoxychloro- 
pyrimidine, C4H(0CH3)2C1N2 ; this is reduced with zinc dust and hydrochloric 
acid to 2:6-dimethoxypyrimidine, C4H2(OCH3)2N2, which is hydrolysed to uracil 
by evaporation with hydrochloric acids ; (3) ^-Methyl thiourea and formylacetic 
ester produce methyl mercapto-oxypyrimidine (c/. p. 510), which is decomposed 
by hydrochloric acid into methyl mercaptan and uracil (Ber. 34, 3751 : 36, 
3379 : C. 1903, I. 1309). \ , 

Uracil is easily soluble in hot water, and with difficulty in alcohol and ether. 
It is precipitated by phosphotungstic acid and mercuric sulphate. 

Cytosine, uracilimide, 2-oxy-^-amino-pyrimidim, C4H5ON8 (see below), 
decomposed at 320—325°, is synthesized as follows : ethyl mercapto-oxypyrim- 
idine (above) and PCI5 give ethyl mercaptochloropyrimidine, which, by am- 
monia, is converted into ethyl mercapto-ammopyrimidine ; this is decomposed 
by hydrobromic acid into mercaptan and cytosine (C. 1903, I. 1309). Nitrous 
acid converts cytosine into uracil (C. 1903, I. 1365) ; 


/N=CC1 

I 

^NCH : CH 




C2H5S 


^N*( 


I 


J-NHa 


■N-CH : CH 


->■ 




=C*NH2 
I 


HNO, 




-CO 

oc/ 

\NHCH : CH 

Uracil. 


^NH*CH ; CH 
Cytosine. 

Cytosine is d^omposed by permanganate into biuret (p. 502) and oxalic acid. 
It forms salts with nitric acM, sulphuric acid, H2PtCl3 ; also with silver, mercury, 
etc. ; pwrate, m.p. 278 . The isomeric 2^amino-^‘03cypyrimidin€, the guaneide of 
/NH CO 

formylacetic acid, NH2C/ | , m.p. 276° (decomp.), is formed from 

^ ^ ^JWJdLvJLi i ijH 

guanidine and formylacetic ester. 

Tbymine, S-mettjrrumoa, 318-321'' (decomp.), is 
flmttieBized analogously to the uracils : (1) from 6-methylhydrouraoil (p. 501) ; 



URIC ACID GROUP 


629 


( 2 ) from 6 '-methylbarbituric acid (p. 631) ; (3) from 2 -methylin 0 rcapfeo- 5 'methyl- 
6 -oxypyrimidirie, the product of ^-methyl thiourea and a-formylpropionic ester 
(Ber. 34, 3751 ; 38, 3394 : C. 1903, I. 1309). 

C(CH (decomp.), is synthesized : 

(1) from acetoacetic ester and urea and (2) from 4*methyl hydrouracil (p. 501) ; 
POGlg reacts with methyluracil and produces 4-methyl-2:6-dichloro-pyrimidine ; 
electrolytic reduction yields methyl trimethylene urea (p. 498) and ay-diamino- 
butane. 

Nitric acid and P 2 O 6 give 5-nitro-4-methyluraciI, and this on reduction forms 
aminomethyluracil (c/. p. 639). Permanganate produces 5-oxymethyluracil (I) 
and then 4:5: 5-trioxymethylhydrouracil (II) (methyl ^^odialuric acid). The 
latter, by further action of permanganate, is broken up into acetoxaluric acid 
(III) ; but alkalis produce acetylglyoxylurea (IV) (the ureide of ajS-diketobutyric 
acid) which, with chromic acid, yields parabanic acid (V) (p. 638). 


NH-CO-CH 
! II 
CO-NH-CCHs 


NH-CO\ 

I >co ^ 

conh/ 

(V) 


NH-CO-COH 
1 II 
CO-NHCCHa 
(I) 


NH-CO*C*OH 

I ^1 

CO NH COCHa 


(IV) 


NH*CO*C(OH )2 

! I 

C0-NH*C(0H)CH3 

NH-CO-COOH 

I 

CO-NH-COCHs 

(III) 


This series of oxidations and transformations probably represents the alkaline 
oxidation reactions of uric acid and its derivatives (c/. scheme, p. 638, and 
Ann. 333, 144). 

Methylation of 4 -methyluracil by means of KOH and iodomethane produces 
3 : ^’dimethyluracil, m.p. 22°, 1 : 4t-dimethyluraciU m.p. 262°, and 1:3: 4-in- 
methyluracil, m.p. 111° (Ann. 343, 133, etc.). 

Further uracil derivatives are obtained as intermediate compounds during 
the synthesis of uric acid (pp. 639-640). 


Ureides or Carbamides of Dicarboxylic Acids 
The most important members of this class are parabanic acid and 
alloxan. They were first obtained by oxidizing uric acid with nitric 
acid. When gently hydrolysed by acids or alkalis the ring is opened 
with the formation of a -uric acid of a dibasic acid, while more 
energetic alkaline hydrolysis forms urea and a dicarboxylic ac&, e.gr. : 


CO— NH\ 

! >C0 

CO— nh/ 

(I) 

Oxalylurea. 
Parabanic acid. 


HaO 


CO2H NH2' 

I , 

Ba( 0 H), CO NH/ 




H,o CO 2 H NH, 


(KOH) 


+ 


‘\co. 


(U) 

Oxalunc acid. 


Oxalic 

Acid. 


NHj,/ 

Urea. 


Parabanic acid, oxylylurea, (formula (I) above), m.p. 243° (decomp.), is 
produced by the oxidation of uric acid and alloxan with ordinary nitric acid 
(Ann. 182 , 74), or better with perhydrol in acid solution (Ber. 59, 721); by the 
treatment of hydantoin (p. 499) with bromine and water (Ann. 333, 115) ; and, 
synthetically, by the action of POCI 3 on a mixture of urea and oxalic acid ; or by 
heating oxamide and diphenyl carbonate, CO(OC 6 H 5 ) 2 , together at 240° (C. 1900, 

l. 107). It is soluble in water and alcohol, but not in ether. 

Its salts are easily converted by water into oxalurates ; silver salt, CsNgOjAgj, 
is obtained as a crystalline precipitate. 

Oxalylmethylurea, methylparabanic acid, m.p. 149-5°, is formed by boiling 
methyluric acid, or methylalloxan, with nitric acid, or by treating theobromine 
with chromic acid mixture. It is soluble in ether. 

Oxalyldimethylurea, dimeihylparabanic acid, cholestropham, 

m. p. 145°, b.p. 276°, is obtained from dimethylalloxan and theine by oxidation, 
or by heating methyl iodide with silver parabanate. 
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Oxaluric acid, NH^CO-NHCO-COgH, results from the action of alkali on 
parabanic acid. Free oxaluric acid is a crystalline powder, dissolving with 
difficulty. When boiled with alkalis or water it decomposes into urea and oxalic 
acid ; heated to 200® with POCig, it is again changed into parabanic acid. 

The amimnium salt, C3H3N2O4NH4, and the silver salt, OsHsNjOiAg, crystal- 
lize in glistening needles. 

The ethyl ester, C3H3(C2Hs)Na04, m.p. 177®, is formed by the action of ethyl 
iodide on the silver salt, and has been synthetically prepared by allowing ethyl 
oxalyl chloride to act on urea. 

Oxaluramide, oxalan, NH2CO‘NHCOCONH2, is produced on heating ethyl 
oxalurate with ammonia, and by fusing urea with ethyl oxamate. 


Oxalylguaniditie, HN : 




OTCO 

I 

HCO 


, is formed from oxalic ester and guanidine 


(Ber. 26, 2552 : 27, R. 164). 


( 1 ) ( 6 ) 
•NHCOv 


Malonylurea, barbituric acid, (ji) (’?), is obtained from 


alloxantin by heating it with concentrated sulphuric acid, and from dibromo- 
barbituric acid by the action of sodium amalgam. It may be synthetically 
obtained by heating malonio acid and urea to 100® with POCI3, or by boiling 
urea and sodium malonic ester together in alcoholic solution (Ber. 37, 3657), 

It crystallizes with two molecules of water in large prisms from a hot solution, 
and when boiled with alkalis is decomposed into malonic acid and urea. Electro- 
lytic reduction converts it into hydrouracil and trimethyleneurea (pp. 500, 498). 

The hydrogen of CHg in malonyl urea, as in malonic ester, can be readily 
replaced by bromine, NO21 and the tsonitroso-group. It forms metallic salts 
(Ber. 14, 1643 : 15, 2846). 

When silver nitrate is added to an ammoniacal solution of barbituric acid, a 
white silver salt, C4H2Ag2N203, is precipitated. 

Malonyldimethylurea, 1 : Z>dimethylharhituric acid, CH2[CON(CH8)]2CO, m.p, 
123®, and malmyldiethylurea, m.p. 52®, are formed from malonio acid, POCI3, 
and the respective di-alkyl urea (Ber. 27, 3084 : 30, 1815). 

^•Imimbarbituric acid, 4;-amirumracU, CH .<gra>co. is obtained 


in the form of needles, which char on heating, from ethyl cyanoacetate, sodium 
ethosdde, and urea. During the reaction cyanoacetylurea, CN'CHaCO'NH- 
CONHg, is formed as an intermediate product, which can also be prepared from, 
cyanoacetic acid, urea, and POGg or (CB[3CO)20. Q-Iinino-24hiobarbiturio acid, 
C®2[C20(NH)](NH2)CS, is produced from cyanoacetic ester and thiourea ; 
guanine and this latter body form 2 ; ^diiminobarbituric acid. 

These substances are decomposed by dilute acids into ammonia, barbituric 
acid, and 24hwharhit'UTic acid, rmlonyUhimirea, CH2(CONH)2CS, and 2-imino- 
barbituric acid, mcdonylgm'nidine, CHgCCOlSPClaC : NH, respectively. These 
comjwunds are directly produced from malonic ester and thiourea or 
gu^dine (Ann. 340, 312 : Ber. 26, 2553). 2 : 4: Q-Triimimbarbituric 
add, 2:4: ^-triaminopyrimidine, CH2[C(NH)*NH]aC : Iffi, is formed from 
malonic nitrile and guanidine (Ber. 37, 4545). 2:4; Q-Trichloropyrimidim, 
GH<{C'C1*K)2>CC1, b.p. 213®, is formed from barbituric acid and POClgat 130- 
145° (Ber. 37, 3657). It can be converted into uracil (p. 628). 

O- or 5 : 5- Alkylated Barbituric Acids, — ^These compounds have been 
minutely studied on account of some of their number acting as valuable soporifics, 
€.g, C-diethylbarbituric acid {veroml) and C-dipropylbarbituric acid. 

Methods of formation, (1) Alkylation (by the action of iodomethane on the 
silver salt of barbit^o acid) only produces directly <7-dimethylbarbiturie acid, 

(2) Malonylguf^dine (see above) is more conveniently alkylated, and 

the mono- and di-alkylmalonylguanidines which are produced are converted 
into mono- and di-alkylraalonylureas when heated with acid (C. 1906, II. 
1465). ^ 

(3) By the condensation of mono- or dialkylmalonyl chlorides, or, better, 
nK>no- and dialkylmalonic esters, mono- and dialkylcyanoacetic esters or mono- 
and dialkylmalononitriles with urea, thiourea, guanidine or dicyanodiamide, with 
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or withoiiti the help of sodium alcoholate ; <7-alkylbarbituric acid or its thio- 
and imino-derivativps (see above) are formed : the latter, on hydrolysis, yield 
the barbituric acids. The dialkyl compounds produce the respective alkyl- 
barbituric acids (Ann. 335, 334 : 340, 310 : 359, 145 : C. 1906, I. 514 : II. 
1465, 1695, etc.) : 


(c,H5)2C<;pqqS 




KH..CO.KH. ^ (C,H.,C<:^O.NH^eO 


mOEt 


■CN 


-> (C,H,),C<g| ; : NH' 


Veronal. 


Preparation of 5 : 5 -dialkyl barbituric acids with different radicals, see C. 
1926, II, 2725. 

Dialkylmalonuric acids, such as diethylmolonurio acid^ HOOC *0(0211 6)2*- 
C0*NHC0NH2, m.p. 162° (decomp.) ; dipropylmalonuric acid^ m.p. 147° 
(decomp.), are formed from the malonic acid, urea, and fuming sulphuric acid. 
They readily decompose into CO2 and dialkylacetourea ; the nitriles, on the 
other hand, such as NC*C(C2H5)2*Cb*]S!HCONH2 (which is produced from alkyl- 
cyanoacetic esters, NaOR, and urea at ordinary temperatures) easily condense 
to cyclic compounds. Similarly, diethylmcdonyl diurethane^ (C2H5)2C(CONH- 
00002115)2, is formed from diethylmalonyl chloride and two molecules of 
urethane ; it is readily converted into diethylbarbituric acid by 02H5*0Na 
(C. 1906, 11. 574). 

5‘Methylbarbiturio acid, OHaCH(CONH)2CO, m.p. 203° (Ber. 38, 3394). 
5-EthylbarbUuric acid, m.p. 190°, unlike barbituric acid itself, is easily ethylated 
by iodoethane and alkalis to veronal. 6-Propylbarbiturio acid, m.p. 208°. 
d-iBoPropylbarbituric acid, m.p. 216°. 

5 : 6-Dimethylbarbituric acM, (CH3)2C(CONH)2CO, m.p. 279°, is also obtained 
from dimethylmalonic acid, urea, and POCls ; but if tms treatment be applied 
to the homologues, only di-alkyl acetoureas, RaCHCO’NHCONHa, are produced. 
This acid yields stable di-sodium salts, whOst the homologous dialkylbarbituric 
acids only give easily hydrolysed mono-sodium salts. 

5 : 5-Diethylbarbituric acid, veronal, (Barbitonum), (C2H6)2C(C01?H)2C0, 
m.p. 212°, has a bitter taste, and acts as a soporific. It crystallizes from hot 
water in the form of colourless spear-shape crystals, and is easily soluble in alkalis 
and ammonia. Thioveronal, diethylmalonylthiourea, (C2H5)2C{CONH)2CS, m.p. 
180°, when heated with aniline and phenylhydrazine exchanges S for the groups 
: NCgHg and NNHC5H5. Reduction with sodium amalgam produces di-ethyl 
malonamide, (C2H5)2C(CONH2)3, diethylmalorMilmethylenediamideoT desoxyveronod, 
(C2H5)2C(COISrH)2CHa, m.p. 293°, and other substances (Ann. 359, 164). 

5 : 5-Dipropylbarhituric acid, m.p. 145°. For further homologues, see refer- 
ences given above. 

6-PhenyUo-ethylbarbituric acid is used as a drug, particularly in the treatment 
of epilepsy, under the name Itiminal, 

Tartronylurea, dialurio acid, CCK^^^qq^OH-OH, is formed by the re- 
duction . of mesoxalylurea (alloxan) with ammonium sulphide or with zinc 
and hydrochloric acid, and from dibromobarbiturio acid by the action of hydrogen 
sulphide. On adding hydrocyanic acid and potassium carbonate to an aqueous 
solution of alloxan, potassium dialurate separates but potassium oxalurate 
remains dissolved : 


2C4H2N2O4 + 2 KOH = C4H3E:N204 + C3H8KN2O4 + CO2. 

Potassium dialurate. Potassium oxalurate. 

isoDialuric acid, isomeric with dialuric acid, is prepared from oxyuraoil 
(p. 639) and bromine water ; bases easily convert it into dialuric acid ; 



CO<^:gg>CHOH. 
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Dialuric acid is differentiated from ^sodialnric acid by its more ready oxidation 
(Arm. 315, 246). 

Dialaric acid crystallizes in needles or prisms, shows a very acid reaction, 
and forms salts with 1 and 2 equivalents of the metals (Ann. 344, 1). It becomes 
red in colour in the air, absorbs oxygen and passes into alloxantin : 

2C4H4NA + O = C8H4N4O, + 2H2O. 

Acetyldialuric add, CH3COOCH(CONH)2CO (?), m.p. 211®, is prepared from 
dialuric acid and acetic aiihydride. It combines with alloxan to form acetyl- 
alloxantin. 

Tartronyldimethylureat HOCH[CON(CH3)]2CO, m.p. 170° (decomp.) (Ber. 
27, 3082). 

Nitromalonylurea, nitrobarbituric add, dilitunc acid: 

CO<^®°>CHNOj, or CO<^;^^C : NOOH (C. 1897, H. 266), 

is obtained by the action of fuming nitric acid on barbituric acid and by the 
oxidation of violuric acid (Ber. 16, 1136). It crystallizes with three molecules 
of water and can exchange three hydrogen atoms for metals. 

Nitromalonyldimethylurea, m.p. 148° (Ber. 28, R, 321). 

Aminomalonylurea, uramil, aminobarbituric acid, dialuramide, murexan, 

!NHCO • * 

obtained in the reduction of nitro- and isonitroso- 

barbiturie acid, and also alloxan phenylhydrazone with hydriodic acid ; by 
boiling thionuric acid with water, and by boiling alloxantin with an ammonium 
chloride solution. Alloxan remains in solution, whilst uramil crystallizes out. 
Uramil, together with alloxan, is formed in the decomposition of murexide and 
purpuric acid ; also, when ammonium dialurate is heated (Ann. 333, 71). It is 
only slightly soluble in hot water, and crystallizes in colourless, shining needles, 
which redden on exposure to air. 

Uramil dissolves in alkalis, forming salts, but prolonged action of alkalis 
(‘auses decomposition into urea and aminomalonic acid, and other bodies (Ann. 
333, 77). When a solution of uramil is boiled with ammonia, murexide (p. 635) 
is formed. Nitric acid converts uramil into alloxan. Oxidation with perman- 
ganate (Ann. 333, 91). Acctyluramil, CH3CO-NHCH(CONH)jjCO, is obtained 
from uramil and acetic anhydride ; its metallic salts form well-defined crystals. 

Thionuric acid, 8ulpka7mnobarbituHc acid, H03S-NH-CH(CONH)2CO, and 
all^Uhionuric acids are obtained as ammonium salts from alloxan of violuric 
acid (below) ; or from alkylated alloxans and ammonium sulphite ; or methyl 
ammonium sulphite. They are decomposed by acids into sulphuric acid and 
uramil or alkyl uramil. Dimethyl ammonium sulphite and alloxan yield a true 
bisulphite compound (see p. 633), which is decomposed into its components 
by acids (Ann. 333, 93). 

Alkylurainils. — In order to define the position of the alkyl groups the 
carbon and nitrogen atoms of uramil are numbered from 1 to 7, as is the uric 
acid (or purine) ring (p* 637) ; 

S i 

C0(NHG0)2CH-NHCH3 ; \ iZ^dimethyluramU, COrN(CH3). 
GOJijCHNHa ; 1:3: 74rimeihyluramU are obtained from the corresponding 
thionuric acids (see above) ; the 1 : Z-diMethyluratnil is also produced by methy- 
Dibarbiturylmethylamine, CH3N[CH(CONH)jCO]j, decomposes 
at 280 , is foimed from alloxantin and methylamine %drochloride (J. pr. Chem. 
[2] 73, 473). 

CO(NHCO)jC(CHs)-NHj, m.p. 237°, and 5-efhyluramiL, 
m.p. 216 , are obtained from U-alkylbarbituric acids by bromination and the 
action of alcoholic ammonia (Ann. 335, 359). 

psewdoUric acid, carbamidomalonylurea, CO<;^]^^^CH*NHCONH2, is 

pr^uced, as an ammonium salt, from uramil and urea at 180° ; as a potassium 
salt from uramil or murexide and potassium cyanate. 

I-Mdhylgmidouric add ; 1 : Z-dimethylpsQVLdouHc acid ; 1:3: IdrimethyU 
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pseudownc acid ; 1 : Zdiethyli^senAouric acid are prepared from the corresponding 
alkyluramils and potassium cyanate. When heated with oxalic acid to 150®, 
or when boiled with hydrochloric acid, they change into the corresponding uric 
acids (Ber. 30, 559, 1823). 

Pi^eny^pseudownc acid^ (C 4 H 303 )*NHC 0 NHCeH 5 , is prepared from uramil and 
phenyl isocyanate (C. 1900, I. 806). 

Thiouramil, results when a solution of potassium 

urate is heated with ammonium sulphide to 156-160° (Ber. 28, B. 909 : Ann* 
288, 157). It is a strong acid. Its solution imparts an orange colour to a pine 
chip. It gives the murexide test (p. 636). Nitric acid oxidizes it to sulphuric 

acid and alloxan. j3*rAiops©udotfnc acid, > C NHCO*NHa, is 

obtained from thiouramil and potassium cyanate (Ann. 288, 171). 

Alloxan, mtsoxalylurm^ produced by the careful 

oxidation of uric acid, or alloxantin, with nitric acid, chlorine, or bromine. 
Alloxan crystallizes from warm water in long, shining, rhombic prisms, with 4 
molecules of H^O, the crystals having the formula : CO(NHCO) 3 C(OH)a + 3HgO. 
When exposed to the air they effloresce with separation of SHjO. The last mole- 
cule of water is intimately combined (p. 617), as in mesoxalic acid, and does not 
escape until heated to 150°. 

Alloxan is easily soluble in water, has a very acid reaction, and possesses a 
disagreeable taste. The solution placed on the skin slowly stains it a purple- 
red. Ferrous salts impart a deep indigo blue colour to the solution. When 
hydrocyanic acid and ammonia are added to the aqueous solution, the alloxan 
breaks down into COg, dialuric acid, and oxaluramide (p. 630), which separates 
as a white precipitate (reaction for detection of alloxan). 

Alloxan is the parent substance for the preparation of numerous derivatives 
{Baeyer, Ann. 127, 1, 199 ; 130, 129), which have in part already received men- 
tion, and some of which will be discussed after alloxan. These genetic relation- 
ships are expressed in the following diagram; 



(1) Reducing agents, hydriodic acid, SnClg, H^S, or Zn and hydrochloric 
acid, convert alloxan in the cold into alloxantin (p. 634) ; (2) on warming, into 
dialuric acid (p. 631). (3) Alloxantin digested with concentrated sulphuric acid 

becomes barbituric acid (p. 630) ; (4) fuming nitric acid changes it to dilituric 
acid ; (5) and with potassium nitrite it yields violuric acid, (6) (7) Uramil 
results from the reduction of dilituric acid and violuric acid. (8) DUituric acid 
is formed when violuric acid is oxidized. (9) Hydroxy lamine converts alloxan 
into its oxime — violuric acid, (10) Boiling ffllute nitric acid oxidizes alloxan 
to parabanic acid and COg. 

The primary alkali sulpMtes unite with alloxan just as they do with mesoxalic 
acid, and crystalline compounds are obtained, e.gf. CjHgNgO^'KHSOj + H«0. 
Pure alloxan can be preserved without undergoing decomposition, but in the 
presence of small quantities of nitric acid it is converted into alloxantin. Alkalis 
or calcium or barium hydroxide change it to alloxanic acid, even when acting 
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in the cold. Its aqueous solution undergoes a gradual decomposition (more rapid 
on heating) into alloxantin, parabanic acid, and CO2. 

Alhxan phenylhydrazone, m.p. 284° (Ber. 24, 4140: 31, 1972). 

Alloxan semicarbazide (Ber. 30, 131). 

Alloxan unites with aromatic amines to form dyes of quinonoid character 
(Vol. II) (Ann. 333, 36 : J. pr. Chem. [2] 73, 449). o-Phenylenediamine pro- 
/N-C-CO-NH 

duces altomzine, OM/' j | . Substances with an active CHg -group 

\n=:C*NH*CO 

readily react with alloxan (Ann. 255, 230, etc.). 

Methylalloxan, is produced by the oxidation of 

methyluric acid. 

Dimetkylalloxanj CO[N(CH3)*CO]aCO, is produced when aqueous chlorine 
(from hydrochloric acid and KClOg) acts on theine ; and by the careful oxidation 
of tetramethyialloxantin (Ber. 27, 3082). When it is boiled with nitric acid, 
methyl- and dimethyl-parabanio acids are formed. 

Diethylalloxan (Ber. 30, 1814). 

Dibromomalonylurea, dibromoharbUuric acid, Br2C(CONH)2CO, results when 
bromine acts on barbituric acid, nitro-, amino- and ^5onitroso -barbituric acids. 

Oximinomalonylurea, isonitrosoharbituric acid, violuric acid, CO(NHCO)2- 
C : NOH, the oxime of alloxan, the first-known “ ketoxime,** is obtained by the 
action of potassium nitrite on barbituric acid, and of hydroxylamine on alloxan. 
It yields with metals blue, violet, or yellow coloured salts (Ber. 32, 1723). 
When heated with the alkalis, it breaks down into urea and wonitrosomalonic 
acid (p. C18). 

Dimethylvioluric acid, m.p. 141° (Ber. 28, 3142 : R. 912). Diethylviolurie 
acid (Ber. 30, 1816). 

Alloxanic acid, b-hydroxyhydantoin^b-carboxylic acid, NH*CO‘NH*CO*c!(OH)- 
COOH. The barium salt, + H2O, is formed by the action of warm 

barj^ta w^ater on alloxan, a peculiar change from a six- to a five-membered ring 
taking place (Ann. 483, 68). The free acid is obtained as a readily soluble crys- 
talline mass by treating the barium salt with sulphuric acid ; it is a dibasic acid, 
the hydrogen of the 3-imino group being replaceable by metals, as well as that 
of the carboxyl group. Parabanic acid is formed on oxidation, and by reduction 
with hydriodic acid, hydantoin is produced (Aim. 119, 127 ; 130, 159). 

Diureides.— When the ureides, parabanic acid, alloxan and dimethylalloxan 
are reduced, there is probably combination of the reduced with the still unre- 
duced molecules (see Vol. II, Quinhydrone), whereby the diureides, oxalantin, 
alloxantin and amalic acid are formed (c/. Ann. 333, 63 : 344, 17). 

Oxalantin, leucoturic acid, is obtained by the reduction of 

parabanic acid. 

AUoxantin, cO(^CO)‘-0^hP>° + (1) by reducing 

aUox^ with SnClg, zinc and hydrochloric acid, or HjS in the cold ; (2) by mixing 
solutions of alloxan and dialuric acid ; (3) from uric acid and dilute nitric acid 
(Ann. 147 , 367) ; (4) from convicin, a substance occurring in broad-beans, 
Vicia faba minor, and in vetches, Vicia sativa, when they are heated with sul- 
phuric or hydrochloric acid (Ber. 29, 2106). 

It crystallizes from hot HjO in small, hard prisms with BHgO and turns red in 
an atmosphere containing ammonia. Its solution has an acid reaction ; ferric 
chloride and ammonia ^ve it a deep -blue colour, and barium hydroxide solution 
produces a violet precipitate, which on boiling is converted into a mixture of 
banum alloxanate and dialurate. On boiling alloxantin with dilute sulphuric 
acid, it changes into the ammonium salt of hydurilic acid, + 2H2O. 

It combines with cyanamide, forming isowric add, NC-]SIHCH(CONH)2CO, which 
yields uric acid when boiled with hydrochloric acid, and y-diopseudot^ric acid, 
H2N*CS'NHCH(CONB[)200, when heated with ammonium sulphide (Ber. 38, 
2563). 

TetramethylaUoxantin, awahc add, C8{CH3)4N407, is formed by the 
action of nitric acid or chlorine water on theine, or, better, by the reduction 
of dimethylalloxan (see above) with hydrogen sulphide (Ann. 215, 258). 
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Purpuric acidi CgHgNgOs, is prepared from miirexide (the salt of this acid) 
by passing hydrochloric acid gas into its solution in glacial acetic acid. It is an 
orange-red powder, which is immediately decomposed into alloxan and uramil 
by the action of water (J. pr. Chem. [2] 73, 463). 

Murexide, C8H4N605(NH4) -f H^O (structural formula, see below), is the 
ammonium salt of purpuric acid. It is formed (1 ) from alloxantin and ammonium 
acetate and carbonate when they are heated ; (2) by mixing alloxan and uramil 
in ammoniacal solution ; (3) by careful oxidation of uric acid with dilute nitric 
acid (see above. Alloxantin) and adding ammonia to the residue on evaporation 
{murexide reaction, C. 1898, I. 665 : Ann. 333, 28). It forms tables or prisms of 
a gold-green colour, which dissolve in water to a purple-red coloured solution. 
Sodium purpurate, C8H4N605Na 4* HgO, is formed from murexide and sodium 
chloride ; potassium purpuraie also from the di-potassium salt of uramil and 
iodine. 

Hydrochloric acid decomposes murexide partially into uramil and alloxan, 
and partly into ammonia and alloxantin. 1 : 3-Dimethyluramil and alloxan, also 
1 : 3-dimethylalloxan and uramil, give two different murexides, showing that 
the molecule is an unsymmetrical one. 5-Alkyluramils (p. 632) do not yield a 
murexide ; 7-alkyiuramils lose alcohol and form salts of a simple purpuric acid ; 
therefore, purpuric acid is considered to be eLci-barbiturylimidoalloxan, and 
murexide, the ammonium salt, to have the formula : 

/NH-CO-C— N =C(C0NH)2C0 
CO< II 

\isna — CONH4 

(Ann. 333, 22 : 0. 1904, II. 316 : J. pr. Chem. [2J 73, 499). 

NH— CO 

Uric acid, CSH4N4O3, CO C— NH\ , is a white, crystalline, 

I II >0 

NH~C— NH/ 

sandy powder, discovered by Scheele in 1776, in urinary calculi. It 
occurs in the fluids of the muscles, in the blood and in the urine, 
especially of the carnivorae, whilst that of the herbivorse contains 
mostly hippuric acid ; also, in the excrements of birds (guano), 
reptiles and insects. When urine is exposed for a while to the air, 
uric aqid separates ; this also occurs in the organism (formation of 
gravel and joint concretions) in certain abnormal conditions. 

History (Ber. 32, 435). — Liebig and Wbhler (1826) showed that numerous 
derivatives could be obtained from uric acid. Their relationships and consti- 
tution were chiefly explained by Baeyer in 1863 and 1864. In consequence of 
certain experiments of A, Streckcr, Medicus (1875) proposed the structural for- 
mula given above for the acid. This was conclusively proved by E, Fischer in 
his investigation of the methylated uric acids. 

The results derived from analysis were confirmed by the synthesis made 
in 1888 by It, Behrend and 0, Roosen, who proceeded from aoetoacetic ester 
and urea (p, 639). Horbaczewski (188^87) had previously made ssmtheses of 
uric acid at elevated temperatures, but obtained poor yields. They consisted 
in melting together glycocoll, trichlorolactamide, etc., with urea. No clue as 
to the constitution of the acid could be deduced from these. In 1895 E. Fischer 
and Lorenz Ach showed how pseudonvic acid (p. 639), previously synthesized 
by A, Baeyer, could, by fusion with oxalic acid, be converted into uric acid. 

Preparation. — ^Uric acid is best prepared from guano or the 
excrements of reptiles. 

Properties, — ^Uric acid is a shining, white powder. It is odourless 
and tasteless, insoluble in alcohol and ether, and dissolves with 
difficulty in water ; 1 part requires 88,000 parts of water at 18® (C. 
1900, II. 42) for its solution, and 1800 parts at 100®. (More recent 
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solubility determinations, see Ann. 431, 104.) Its solution remains 
long supersaturated. Its solubility is increased by the presence of 
salts like sodium phosphate and borate. Water precipitates it from 
its solution in concentrated sulphuric acid (Ber. 34, 263). On evapor- 
ating uric acid to dryness with nitric acid, a yellow residue is obtained, 
which assumes a purple-red colour if moistened with ammonia, or 
violet with potassium or sodium hydroxides {murexide reaction, p. 635). 
When heated, uric acid decomposes into NH3, CO 2, urea and cyanurio 
acid. The action of chloride and oxychloride of phosphorus on uric 
acid and alkyluric acids is of special importance in the chemistry of 
the uric acid group. The reaction is comparable to the conversion 
of acid amides into imidochlorides. The resulting compounds are 
highly reactive, whereby the chlorine can be exchanged for alkoxyl, 
hydroxyl, hydrosulphyl, the amino-group, iodine, and sometimes also 
hydrogen. The inter-connection between the members of the uric 
acid group can be elucidated by these chemical changes (Ber. 32, 445). 

Carbon disulphide, when heated under pressure with uric acid, forms 

NH-COCNHv 

with it so-called thioxanthine, { II ^CSH, which also results 

CO*3SrHC— 


when y-thiopsewdouric acid (p. 634) is boiled with mineral acids (C. 
1902, 1. 548 : Ber. 34, 2563). When heated with ammonium sulphide 
urea is converted into thiouramil (p. 633). Electrolytic reduction in 

yNHCHa-CH-NHv 

sulphuric acid solution produces purone, CO< | ^0(?), 

\nh ch-nh/ 


a neutral body, together with the isomeric mopurone, soluble in alkalis 
and acids, which can also be produced by the transformation of purone, 
and tetrahydrouric acid, C5H8N4O3. Similar products are also obtained 
from the methylated uric acids (below) (Ber. 34, 258). Formalde- 
hyde unites with uric acid to form mono- and di-formaldehyde addition 
products, C5H4N4O3 + CHgO and + 2CH2O (Ann. 299, 340). 

Salts . — ^Uric acid is a weak dibasic acid. (Acidity of the individual 
hydrogen atoms, see Ber. 53, 2327 : 54, 1676.) It forms monobasic 
hydrogen salts with the alkali carbonates. The normal alkali salts 
are obtained by dissolving the acid in potassium or sodium hydroxide. 
When CO 2 is conducted through the alkaline solution, the primary 
salts are precipitated. 

The potassium salt, C5H3N4O3K, dissolves in 800 parts of water 
at 20° ; the sodium and ammonium salts are more insoluble ; 
lithium salt (Lipowitz) is much more soluble (in 368 parts of water 
at 19°) (Ann. 122, 241), hence lithium mineral waters are used in 
such diseases where there is an abnormal metabolism of uric acid. 
This salt is, however, greatly surpassed by the piperazine salt, 

(Finzelberg), which dissolves in 50 parts 

of water at 17° (Ber. 23, 3718). The lysidine or methylglyoxalidine 
salt (Ladenburg) is even more soluble (1 part in 6 parts of water ; 
Ber. 27, 2952). In actual practice, these compounds are not of mu<^ 
value in the treatment of gout. 


Methyluric acids (Ber. 32, 2721 : Ann. 309, 260).— The four hydrogen 
atoms in uric acid can be replaced by methyl groups, hn, all methyluric acids, 
including tetramethyluric acid, the methyl groups are linked to nitrogen ; this. 
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in coninnction with the decompositions and synthesis of uric acid, argues for 
formula I, without, however, in the light of our present representations, excluding 
formulae such as II (c/, below, the isomeric 3-methyluric acids ) : 


NH— CO 

I I 

I. CO 

1 11 >co 

NH— C—NH/ 


N=C-OH 

I I 

II. HO-C C— NH 


II II V-OH. 

N— C 


To indicate the position of the methyl groups in the methyluric acids and 
the constitution of other bodies containing the same hetero-twin ring, E. Fischer 
suggested that the carbon and nitrogen atoms of the nucleus contained in uric 
acid and bodies related to it be numbered, and that the hydrogen compound 
of the nucleus, C6N4, which could have two formulae, should be called “ purine ” 
(from pmrum and uricum). 

1 6 

N C N=CH N-CH 



HC C— NHx 
II II >CH 
N— C N^^^ 


HC C 

11 11 >CH. 
N— C— NH/ 


Purine (Ber. 32, 449). 


The methyluric acids are obtained (1) by treatment of lead and potassium 
urates and methylurates with iodomethane ; (2) from the formaldehyde uric 
acid compound (p. 63C) by reduction (C. 1900, II. 459) ; (3) from the correspond- 
ing p^eitdounc acid (p. 632) through loss of water. Whilst formula I for uric acid 
indicates the possibility of only four isomeric monomethyluric acids, actually 
six are known, as well as six dimethylurie acids, four trimethylurie acids and one 
tetramethyluric acid. 

^-Methyluric acid is obtained together with Z-methyluric acid from uric acid 
(Ann. 413, 98 : Ber. 52, 768, 784) ; the former yields, by the action of nitric acid, 
alloxan. 3-Methyluric acid is best obtained synthetically by Traube’s method 
(Ber. 53, 769) and yields on oxidation with nitric acid methylalloxan. 1 -Methyl- 
uric acid is obtained from 7-methylpseiidouric acid, l-Methyluric acid is formed 
from monomethylalloxan (Ber. 32, 2721). 3-Methyluric acid yields on per- 
manganate oxidation the same a-methylallantoin as is formed from 9-methylurio 
acid, and similarly 1- and 7 -methyluric acids yield the same j3-methylallantoin ; 
this can be explained by the assumption of the intermediate formation of a 
common symmetrically constituted compoxmd (Ann, 333, 145). 

COOK 


NH CCONH 

CO<^ !l I - 
^N(CH,)-CNHOO 
9-Methyluric 


NH- 


CO<"‘ I 


N(rHs)(XOH)NH 


>CO 


^NHCCO NH 

C^O<" !1 I 

^NH-C'N(CH,)CO 
3-Methylurif arid. 


CO<^ 


•NH- 


L >CO 


N(CH,)-CO HaN 
a-Methyl allantoin. 

< N(CH8)CC0NH 

li I - 

NH CNH-00 

7-Methyluric acid. 




COOH 

.N(CHs)— dj NH 


NH- 


-U(OH)NH' 



< N(CH,)-CH- NH^ 

I ^CO 

NH--CO HaN^ 
j3-Methyl allantoin. 


< NHCC0NCH 
ii I 
NH‘CNHCO 
l-Methyluric* acid. 


3 : ^-Dimethylurie acid (a) is obtained from basic lead urate and iodomethane. 
7 : ^-Dimethylurie acid (j8) (Ber. 17, 1780). 1 : Z -Dimethylurie acid (y) is prepared 

from 1 : 3-dimethylp^eudouric acid (p. 632) ; and from 1 ; 3-dimethyl-4 : 5- 
diaminouracil (see also Theophylline, p. 644), 3 : l-DUnethylunc acid (S) is 
formed from 7-methyluric acid (see also Theobromine, p. 643). 1 : 1 -Dimcthyl- 

uric acid is produced from 1 : 7-dimethylp5ewdouric acid; 1 : 9 -dimethylurie acid 
(Ber. 32, 464). 

1 ; 3 : 1 -Trimethylurie acid, prepared from 1:3; 7-trimethylp5eMc?ouric acid 
(a), is identical with hydroxyca&eine (Ber. 30, 567). 3:7: 9 -Trimethylurie acid 

(a) is formed from 7 ; 9-dimethyluric acid. 1:3: 9 -Trimethylurie acid is produced 
from 1 : 3 -dimethylurie acid. 1:7: 9-Trimethyluric acid (Ber. 32, 466). 
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Tetra^nethylurio acid is prepared from potassium trimethyl urate and iodo- 
methane. Isomeric with it is methoxycajfeine^ 1:3: 7-trimethyl-2 : 6-dioxy- 
8-methoxypurine, which is prepared from bromo- or chloro-caffeine by the action 
of sodium hydroxide in methyl alcohol (Ber. 32, 467), 

PAenj/fwrfc odd is prepared from phenylpsetfdouric acid (p. 633) (C. 1900, 1. 800). 

Purine, C5N4H4, m.p. 216“, is the fundamental compoimd of the uric acid 
group (p. 637). It cannot be obtained directly from uric acid, but it is prepared 
by converting uric acid by POCI3 (p. 641) into trichloTopurine, which, with hydri- 
odic acid at 0®, gives 2 : ^-diodopurine ; this, on reduction with zinc dust and 
water, results in purine. 

Purine, like uric acid, can also be synthesized as follows : — synthetic methyl - 
uracil is converted into 5-nitrouracil (p. 639) ; this, with POCI3, yields 2 : 4-di- 
ehloro-5-nitropyrimidme (1), which with ammonia gives 2-chloro-4‘amino-5- 
nitropsrrimidine (2) ; reduction with hydriodic acid gives 4 : 6-diaminopyrimi- 
dine (3), of which the formyl-derivative (4), obtained by the action of formic 
acid, is decomposed when heated with water, when purine is formed : 


NH—CO N=C-C1 

II II 

CO C-NH\ ->CC1 C~NH' 

I 11 

]srH--c—]sra 

Uric acid. 


N— Cl 


N-CH 


>CO il 
:/ N—i 


-->01 C— NH\ -->CH C— NHv 

^C1 II II >CH II II >!H 

N—C N— C N— C 

Trichloropurine. Diiodopurine. Purine. 


( 1 ) 


N=CH 

I 1 

CIC C-NOa 

II II 

N— CGI 


( 2 ) 


N=CH 

I I 

CIC CNOa - 

II II 

N— C'JSTHa 


(3) 


N=CH 

I I 

HC CNHa 

II II 

N=:CNH. 


(4) 


N=CH 

I I I 

HC CNH-CHO 

II H 

]Sr-~-CNH, 


Purine reacts Simultaneously as an acid and as a strong base. It is easily soluble 
in water, and is stable towards oxidizing agents. 

Methylpurinee and other simple purine derivatives are obtained similarly 
(Ber, 31, 2650 : 39, 260). 


Oxidation of Uric Acid 

When uric acid is oxidized with ordinary nitric acid the products are alloxan 
(mesoxalylurea) andparabanic acid (oxalylurea) : this oxidation proceeds through 
the stage of the 4 : 5-urie acid glycol (Biltz, Ber. 43, 1511). By the action of 
permanganate or a solution of iodine in alkali (Ber. 27, R. 902), allantoin, 
together with uroxanicacid, CgHgN^Oe, is produced : urozanicacidy deoorap. 162®, 
is diureidomalonic acid, (NH2’CO*NH)2C(COOH)2, and changes into allantoin on 
prolonged standing in contact with hydrochloric acid (Ber. 53, 1950 : forma- 
tion from uric acid, Ber. 53, 1964). 

Allantoxanic acid (oxonic acid) is also obtained by the oxidation of uric acid 
by alkaline permanganate (Ber, 53, 1971). 

These decompositions are represented in the following scheme : — 


COOH 

I 

C{NH-CO-lsrH2)2 

COOH 

Uroxanie aciU. 


NH-CO 

I I 

CO C—NHv 
I il >CO 
.NH-C—NH/ 

Uric acid. 


KH-CO 

I I 

-> CO CO 


CO-NH\ 

>CO 


io 


I 

•fCO 


NH— CO 

1 

CO 


NH-CO 

Alloxan, 

I 

NHg CO2H 


NH • CO 
Parabanic 
u(*id. 


NHa-CO-NHg 

+ 


CO-lSHv 

I I 

KO'CO*N=C']OT NH2-C0-NH*CH‘NH/ NHg CO2H COOH-COOH 
AUautoxauic acid, Aliantoin. Mesoxalic Oxalic acid. 

(Oxonic aad). acid. 


One acid is the diureide of the hypothetical body, C(OH)2==C(OH)— COjH, 
the psewdb-form of the semi-aldehyde of mesoxalic acid, CHO’CO-COgH (p. 600). 
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Synthesis of Uric Acid : (1) from Acetoacetic Ester : (2) from Mahnic 
Acid : (3) Cyanoacetyl Urea 


(1 ) From acetoacetic ester ; (1 ) Acetoacetic ester and urea unite to jS-uram- 
idocrotonic ester. When this is. hydrolysed with alkali it 3 delds an acid which* 
in a free state, splits off water and becomes a cyclic nreide — methyluracil. 

(2) Nitric acid converts the latter into nitrouracU carboxylic acidf (3) whose po- 
tassium salt when boiled with water loses a molecule of carbon dioxide, and 
becomes converted into the potassium salt of nitrouraciL (4) The reduction of 
the latter with tin and hydrochloric acid gives in part amiTumracil (Ann. 309, 
256) and in part hydroxyuraeil or isobarbiiti/ric acid. (5) Bromme water oxidizes 
the latter to isodiahiric acid, which when heated (6) with urea and sulphuric acid 
3 rields uric acid (Ann. 251, 235). 


COgCgHs 

I 

CHa 

I • 

CO-GHa 

Acetoacetic 


( 1 ) 


NH-CO 
1 1 
CO CH 


( 2 ) 


I .. 

NH-C-CHa 

Methyluracil. 


NH — CO 
i I 

CO C— NOo 


NH— CO 
(3) I 1 
CO C— NO« 


Nltrouracilic acid. 


NH— CH 
Nitrouracil. 


NH^O 

I I 

CO CNHs 

I II 

NH— CH 

AminouracU, 


(4) 


NH— CO 

1 1 

CO C— OH ■ 

i !1 

NH— CH 
Hydroxyuraeil 
(isoBarbiturio 
acid). 


NH— CO 

(S) i i (8) 

— >- CO C(OH)j — > 

I I 

NH— C-OH 
iaoDialuric acid. 


NH-CO 

1 1 

CO C— NH 


NH— C— NH 

Uric acid, 


^o. 


(2) From malonic acid ; (1) Urea and malonic acid yield malonylurea, 
which (2) nitrous acid converts into oximinomalonylurea or violuric acid. (3) 
When the latter is reduced, aminomalonylurea or uramil results. (4) This 
is changed by potassium cyanate into pseudomic acid. (5) On withdrawing water 
from pseudomic acid by means of molten oxalic acid or boiling hydrochloric acid, 
uric acid results (Ber. 30, 559) ; 


1 I 

CO CHNHa 

I I 
NH*CO 
Uramil. 


COjH 


NH-CO 

NH-CO 

1 

pXT 

(1) 

1 1 (S) 

rin PTT — 

I ! 

^ Oo C • 



1 1 


1 

CO 2 H 


I 1 

NH-CO 

1 1 

NH-CO 

Malonic acid. 


Malonylurea. 

(3) 

Oximinoinalouyl U3 

— 

NH-CO 


NH-CO 

NH-CO 


(4) 


CO CHNH CONHo 


( 6 ) 


CO C*NH 


1 I 
NH-CO 

jtseudoVric acid. 


I >0. 

C-NH/ 


NHC-NH/ 
Uric acid. 


Since alloxan and dimethylaUoxan yield methylated psetidouric acids, methy- 
lated uric acids can also b© synthesized in this way. 

(3) From Cyanoacetyl urea ; Urea and cyanoacetic acid ar© condensed to (1 ) 
cyamacetylurea, and this to (2) 4:-aminouracU or 4-ammo-2 : 6-dioxypyrimidin© 
(C. 1906, II. 1690 ; Ber, 41 , 532). This, with nitrous acid, gives (3) a nitroso- 
compound which, with ammonium sulphide, is reduced to (4) 4 : 5-diamino- 
wracU. The diamine reacts with chlorocaxbonic ester and aqueous sodium 
hydroxide to form (5) a urethane, the sodium compound of which when heated 
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to 180-190® is converted into (6) sodium urate (W. Traube, Ber. 33, 3035 : 
Ann. 331, 64) : 


NH— CO 

I I 

CO CHg > 

I I 

NH, CN 

Cyanoacetylurea. (1) 

ira— CO 

1 I 

CO CNHv < 

} I >0 

NH— CISTH/ 

Uric acid. (6) 


NH-<50 

1 I 

CO CH > 

I I! 

NH— C'NHjj 
4-Amixiouracil. (2) 

NH— CO 

— CO C-NHCO^R <— 
1 II 
]SrH--C*NH2 
(5) 


NH— CO 

I 1 

CO CNO 


NH— C-NHj 
<3) 

NH— CO 

! I 

CO C-NHo 


NH— C-NHj 
4 : 5-DiaiQinoaracil. 


t 

(4) 


This synthesis can be employed generally with the following modifications 

(1) Replacement of the urea by methylated ureas in the condensation with 
cyanoacetic acid to obtain methylated uric acids. 

(2) Replacement of the chlorocarbonic ester by formic acid ; formyl diamino- 
uracil is formed, the sodium compound of which, on being heated, yield xanthine 
or methylated xanthines (pp. 642-3). 

(3) Condensation of guanidine, instead of urea, with cyanoacetic acid to form 
2 ; 4-diamino-6-oxypyrimidme ; this is ultimately transformed into guanine 
(p,642). 

(4) Condensation of cyanoacetic acid with thiourea to form 2-thio-4-amino- 
6-oxypyrimidine. This is converted into thio-oxypurine which, when oxidized 
by nitric acid, yields sulphuric acid and hypoxanthine (p. 642), 

(o) Condensation of malonic nitrile with thiourea to form 2-thio-4 : 6-diamino- 
pyrimidine (below), which, analogously to the above, is converted through its 
nitroso-compound into 2-thio-4 : 5 : d-triaminopyrrimidine (2), of which the potas- 
sium salt of the formyl-compound, when heated, yields 2-thio-6-aminopurine (3) ; 
oxidation with HgOg produces sulphuric acid and adenine (4) : 


N==CNHa N=CNHa 

i I i i 

HSC CH >HSC CNHg 

II li 1! II 

N— C-NHg N— CNHg 

( 1 ) ( 2 ) 


N— CNHg 

I I 

HSC CNH 




N^ 

Thioaminopurine. 

(3) 


N^^CNHa 

I I 

■HC CNH\ 

II II >CH 
N— C— 

Adenine. 

(4) 


Xanthine Group. — Guanine, xanthine, hypoxanthine, and adenine stand in 
close relation to uric acid. Like it, they occur as products of the metabolism of 
the animal organism, and are most easily produced from nucleic acids (p. 748) 
by boiling them with water {cj. Ber. 37, 708). Xanthine and hypoxanthine occur 
in the extract of tea. Bodies of the xanthine group are found in the juice of 
the sugar beet (Ber. 29, 2645). 


HN— CO 
I I 

CO C— 



Xanthiae. 


<• 


HN— CO 

I I 

HN:C O— NH- 

I II y 

HN— c — m 

Guanine. 


;h 


HN— CO 

I !• 

CHC— NH' 


HN— C : NH 



N— C 
Hypoxanthine. 


Quanine is changed into xanthine by the action of nitrous acid and ydelds 
guanidine on decomposition (p. 512). It is, therefore, to be regarded as being 
xanthine in which a gi^nidine residue takes the place of a urea residue, i.e. the 
oxygen of a CO-group is replaced by NH, Adenine stands in similar relation to 
hypoxanthine as guanine to xanthine, in that its conversion into hypoxanthine 
is brought about by nitrous acid. 
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Conversion of Uric Acid into Xanthine, Guanine, 
Hypoxanthine and Adenine 

Potassium urate and phosphorus oxychloride produce 8-oxy-2 : 6-diehloro- 
pimine, which on further treatment with phosphorus oxychloride yields 2:6:8- 
trichloropurine, m.p. 188°. The latter is a weak acid, and gives, on methylation, 
a mixture of the two isomeric forms of methyltrichloropurine. 


( 1 ) 


N = C-Cl 
I I 
C Cl C— NH> 


NH—CO 

I i 

CO C— NHv 

I II >0 

NH— C—NH/ 

Uric acid. 

X = 

Y + (5) 

N=CNHj NH— CO 

i I II 

CCl C— NH\ CCl C— NH\ 

II II }CC\ II II }CC\ 

N— C N C W 

Dichloroadenine. Dichlorohypoxanthine. 


( 2 ) 


)cc 


N = CCl 
I I 
C-Cl C— NH> 


N C— NH/ 

8-Oxy-2:6-dichloropurine. 


N — C 

Trichloropurine. 
I I 1 (9) 




(7) NH— CO 

H^NC C— NH 


N=C0CaH5 

I I 


r=cii: 


(4) 


:c— NH 


(6) >|r 

NH— CO 

1 1 


CH C— NH\ 
>CH 11 11 >CH 

N C Ni=^ 

Adenine. Hypoxanthine. 




C2H5OC C— NH\ 

.. .. ^CCl I! II >CC1 

N C N/ N— C N/ 

Chloroguanine. 2 : 6-Diethoxy-8-chloro- 

purine (m.p. 209°). 

1 ( 8 ) 1 ( 10 ) 

NH— CO NH— CO 

II II 

HjN-C C— NH\ CO C— NHv 

II II >CH I II ym 

N C — N^ NH— C Ni^ 

Guanine. Xanthine. 


The chlorine atoms 2 and 6 are easily substituted in the presence of alkalis 
by OH, C2H5O, and NH, ; but in the 8-position the chlorine atom can be replaced 
by hydtoxyl, by fuming hydrochloric acid, but not by alkalis. On this behaviour 
is based the synthesis of xanthine, guanine, hypoxanthine and adenine (Ber. 30, 
2220, 2226). 

Uric acid is (1) acted on by POCl® to form S’Oxy-2 : Q-dichloropurine, and is 
similarly (2) converted into trichloropurine* The latter, with aqueous ammonia 
at 100° gives (3) dichloroadenine, with aqueous KOH at 100° (5) dichlorohypo’ 
xanthine, and with sodium ethoxide (9), 2 : Q-diethyoxy-^-chloropurine. These 
three substances, when reduced with hyi^iodio acid, yield (4) adenine, (6) hypo- 
xanthine, and (10) xanthine* Further, dichlorohypoxanthine and alcoholic 
ammonia (7) yield chloroguanine, and this, with hydriodic acid, (8) guanine* 

The reverse change, &om xanthine to uric acid, can be brought about by 
coupling the xanthine with dichlorobenzenediazonium chloride to yield the azo- 
compound (1), which can he reduced with sodium hydrosulphite to the amino- 
compound (2) and the latter converted into mic acid by nitrous acid (H* Fischer, 
Z, physiol. Chem. 60, 69). 


NH— CO 

I i 

CO C— NHv 
1 II >CH- 
NH— C N^ 


—CO 

I 

C— NH\ 


>C-N : N-CeHaCl,- 

— C 

( 1 ) 

—CO 


C— NHv 
( 2 ) 


NH*CO 

1 I 

CO C— NHv 


NH-C— NH 


^CO 


Xanthine and the methylated xanthines (p. 643) are reduced electrolytically 
in sulphuric acid solution, whereby the oxygen atom in position 6 is replaced by 
two hydrogen atoms to form the de^o»y-compound, which easily loses two hydro- 
VOL. 1. T T 
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gen atoms by oxidation to form oxyj^rine. Similarly, guanine yields deaoxy- 
guanine and this 2’amincpurine ; similarly with adenine (Tafel, Ber, 33, 3369 : 
34, 1165) : 

4H NH-CHg^C-NHv 0 ^ ^ CH— C-KH\ 

j !' > j II joa > 1 II 

CO NH C~Xi=^ CO-NH • C — CO • NH • C— 

Xanthine. Desoxyxanthine. 2-Oxypurine (isomeric 

with nypoxanthine). 

Desoxyxanthine, desoxyheieroxanthine, and desoocyparaxanthine are decomposed 
by acids into COg, NH3 and iminazolone derivatives i 


XH-CO-C-NE\ 2H,0 NHR-CO-CH-NKy 

i II >CH > I jc: 

CO-NH-C— CO— 


CO— 


IH + CO2 + NH3 ; 


whilst desoxytheophylline and desoxyca^eine, xanthines, in which the methyl 
group occupies the 3-position, are far more stable (Ber. 41, 2546). 

Xanthine, 2 : Mioxypurine, C5N4H4O2 (constitutional formula, above), occurs 
in small quantities in animal secretions, such as urine, blood, the liver, and some- 
times in urinary calculi ; it is found, also, in extract of tea. It is prepared by 
the action of nitrous acid on guanine in sulphuric acid solution (Ber. 32, 468) ; 
also, by heating the sodium salt of formyl-4 : 5-diaminouracil (p. 640) to 220®. 
It forms a white amorphous mass, which is somewhat soluble in boiling water, and 
combines with both acids and alkalis. It dissolves easily in boiling ammonia, from 
a solution in which silver nitrate precipitates a compound, C5H2Ag2N402 -j- HjO. 
The corresponding lead compound is converted into theobromine (dimethyl- 
xanthine) when heated with iodomethane at 100®. Methylation in alkaline 
aqueous solutions produces caffeine. When heated with potassium chlorate and 
hydrochloric acid, xanthine (analogously to caffeine, p. 644) is broken down in^ 
aUoxan and urea. 


CO*NHC-NH\ 

%-ThioxaYdhim, | jl ^CS, is formed when y-thiopseudomic acid 

nh-co-c-nh/ 


(p. 634) is heated j and from 4 ; 6-diaminouracil (p. 640), and carbon disulphide 
(C. 1903, n. 80). 

Guanine, 2-amim-Q-oxypurine, C5H5H5O (constitutional formula, p. 641), 
occurs in the pancreas of some animals, and particularly in guano ; also in the 
silvery matter of the scales of bleak, Alhurnus lucidus (C. 1898, I. 1132). It is 
readily synthesized by converting cyanoacetylguanidine (p. 640) into triamino - 


/NH-COC-NHj 

oxypyrimidme, |j , and heating this with formic acid (Ber. 

CNH2 

33, 1371). 

Guanine forms an amorphous powder, insoluble in water, alcohol and ether. 
It combines with one and two equivalents of acids forming crystalline salts, such 
as C5H3X50*2HC1 ; and also with alkalis to form crystalline compounds. Silver 
nitrate precipitates a crystalline compound, CsHgNgO'AgNOa, from a nitric acid 
solution of the substance. Nitrous acid converts guanine into xanthine. Potas- 
sium chloride and hydrochloric acid decompose it into parabanic acid, guanidine 
and carbon dioxide (p. 512), 

^ Bromoguanine is formed from ^anine and bromine. Fuming hydrochloric 
acid converts it into 2-amino-6:8-<Box3^urine. Chloroguanine is prepared from 
dichlorohypoxanthine and alcoholic ammonia. With hydriodic acid it yields 
guanine, 

Hypoxanthine, ^oxypurim, C5N4H4O (constitutional formula, p. 641 ), almost 
invariably accompanies xanthine in the animal organism, and can be differenti- 
ated from it particularly by the slight solubility of its hydrochloride. It 
forms^ needles, soluble with difficulty in water, but soluble in acids and 
and in ammoniacal solution is precipitated by silver nitrate which forms 
CsHtAggNiO -f HjO. 

mmmiylhypoaxtntkine is decomposed when heated with liydrochloric acid into 
methylamme and sareosiire (p. 441) (Ber. 26, 1914). The position of the oxygen 
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atom is determined by the transformation of adenine into hypoxanthine by 
nitrous acid ; also by its formation from the decomposition of the synthetic 

yNH-CO‘C-NHv 

2-thiO'(5-oxypuriiie HSC^ II 



Adenine, ^-aminopurme, C5N5H5 (constitutional formula, p. 041), in.p. 360- 
368° (decomp.) (Ber. 30, 2242), is a polymer of hydrocyanic acid. It is obtained 
from the pancreas of cattle, and occurs in extract of tea. It crystallizes with 
3 molecules of water in mother-of-pearl crystals, which lose water at 54° and 
turn white. Nitrous acid converts it into hypoxanthine ; hydrochloric acid at 
180-220° into glycocoll, ammonia, formic acid and carbon dioxide {Kosself Ber. 
23, 225 : 26, 1914). The position of the amino-group is fixed by the connec- 
tion of adenine with 6-amino-2:8-dioxypurine through dichloroadenine ; fuming 
hydrochloric acid converts dichloroadenine into 6-amino-2.8-dioxypurine, which 
on decomposition does not yield guanidine, showing that the amdno-group must 
be in the 6-position and not in the 2 or 8. 

Synthesis of adenine from 2-thio-4 : 5 : 6-triammopyrimidine (p. 640). The 
analogous formation of purine derivatives still richer in nitrogen, such as ^-amifio- 
adenine^ C5N4H2(NH2)2, from malonic nitrile, guanidine, etc., see Ber. 37, 4544. 

Methylxantbiaes. — Heteroxanthine, theobromine, paraxanthine, theophyl- 
line, theine (or caffeine), are all methyl derivatives of xanthine. 

Heteroxanthine, l-methylxanthine, CsHsN 4O (CH3), occurs in small quantities 
in urine, and is formed from theobromine by the loss of methyl. By methylation 
it is converted into caffeine ; hydrochloric acid decompose it into sarcosine 
(Ber. 32, 469). Electrolytic reduction produces desoxyheteroxanthine, which on 
oxidation forms l-methyl-2-oxypurine (c/. p. 642). The isomeric Z'methylxanthine 
is prepared from 3-methyluric acid (p. 637), and also from cyanoacetylmethyl- 
urea, CN*CH2CO‘NHCONH‘CH3, as ^own in diagram 3 of the uric acid synthesis 
(p. 640). 

Theobromine, 3 : l-dimethylxanthim, C5H2N402(CH3)2, occurs in the cocoa 
beans of Theobroma cacao ; it is artificially prepared by methylating xanthine 
(p. 642) or S-methylxanthine (Ber. 33, 3050). 

Theobromine forms a bitter-tasting crystalline powder, sHghtly soluble in hot 
water and alcohol, but is fairly easily soluble m ammonia. It sublimes unchanged 
when carefully heated at 290°. Its reaction is neutral, but it forms crystalline 
salts with acids, which are decomposed by excess of water. Its silver salt, 
C7H7AgN402, and iodomethane produce caffeine. Electrolytic reduction pro- 
duces dcsoxytheohromincy which on oxidation yields 3 : l‘dimethyl~2-oxypurine 
{cf, p. 642). Theobromine on oxidation is converted into oxy-3 : 7-dimethyl- 
urio acid (Ber. 31, 1450) ; potassium chlorate and hydrochloric acid decompose 
it into monomethylalloxan and monomethylurea. The action of dry chlorine on 
theobromine (Ber. 30, 2604). 

•pseudoTheobromine is formed from the silver xanthine compound and iodo- 
methane (C. 1898, I. 1132). 

Paraxanthine, l:1~dimethylxanthinef ^^9°, occurs 

in urine (Ber. 18, 3406). It is prepared from theobromine by the removal of 
methyl and its replacement in another position (see below for synthesis). It is 
obtained from 1 : 7-dimethyluric acid, as theobromine is from the 3 ; 7-compound 
(Ber. 32, 471). Methylation produces caffeine (Ber. 30, 564). 


Synthesis of Heteroxanihine, Theobromine, and Paraxanthine 

7-Methylp5eMdouric acid yields 7-methyluric acid, which by methylation 
gives 3 : 7-dimethyluric acid. POCI3 converts (1) 3 ; 1-dimethyluric acid into 
ehlorotheobromine, which is reduced (2) by hydriodio acid to theobromine, and 
which is formed from theobromine (3) by iodine chloride. 

When theobromine is heated with POCI3 and PClg (4) it loses a methyl group 
and forms 2 : 6-dichloro-7-methylpurme which with hot fuming hydrochloric acid 
(5) gives heteroxanthine. If 2 ; 6-dichloro-7-methyl purine is boiled with dilute 
aqueous sodium hydroxide, it is converted into 6-oxy-2-chloro-7-methylpunne. 
If the potassium salt of this body is methylated (7), there is formed 6-uxy- 
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2-chloro-l : 7-diinethylpurine from which hot fuming hydrochloric acid produces 
(8) paraxanthine (Ber. 32, 469). 


ra-co 
I 1 
CO c~ 


(3) NH— CO 


11 I II >CCI (2) „ ! I) >CH II II >1 


CH,N 0—KH 

3 ; 7-Dimethylunc acid. 


KH— CO 


11 

CHjlf C— JT 

Chlorotheobromiae. 


! II ^GH II II ^CH 

CH,N C— N C—N 

Theobromine. 7-Methyl-2 : 6-di- 

chloropurine (m.p. 200®). 


CHjN CO CH,X CO _ 

! I ^CH, (7) ! I CH, (8) 1 I 

CCl C—NCT CCl C>~N<" ^ CO C— ]Sf<" 

It ii !i II ^riTT I li ^CTT 


7-Methyl-6-oxy- 

2-chloroptirine. 


N C— 

1 : 7-Dimethyl-6- 
oxy-2-chloropurine. 


II 

NH— C— IT 

Paraxanthine. 


NH— CO 

<!;o i— 

I II >CH 
NH— C— N 
Heteroxanttiine 
(m.p. 380®). 


The constitution of 6-oxy-2-chloro-7-methylpurine is so assigned, because its 
reaction product with ammonia gives guanidine when oxidized with chlorine,^ so 
that it must be 6-oxy-2-amino-7-methylpurine. This establishes the constitution 
of heteroxanthine. 

The product of methylating 6-03^-2-chloro-7-methylpurine can only have 
the second methyl group in the 1 -position, whereby the 1: 7-position of the methyl 
group in paraxanthine is determined. 

Theophylline, 1 *. 3-diimthylxanthinet m.p. 264®, was discovered in 1888 by 
Kossel in tea extract. By the action of methyl iodide on silver theophylline he 
obtained caffeine (Ber. 21, 2164). Theophylline has been synthetically prepared 
from 1 : 3-dimethyluric acid by its conversion with PCI® into chlorotheophylline, 
m.p. 300® (decomp.) ; hydriodic acid reduces this to theophylline {E, Fischer^ 
Ber. 30, 553). A shorter synthesis is from cyanoacetyldimethylurea, CN'CHj- 
CON(CH3 )CONH-CHs, in which, following diagram 3 of the uric acid synthesis 
(p. 640), this body is converted into i 1 : 3-dimethyl-4 : S-diaminouracil, of 
which the formyl-compound (2) is converted into theophylline when warmed 
with alkalis (Ber. 33, 3052 : C. 19i03, I. 370). 



CHsN— CO 
0 (!! (InH-CHO 
CHsJt-Jj-NH, 


Caffeine, th&ine, 1:3: 1-inmethylxanihinej m.p. 239®, occurs in 

the leaves and becms of the coffee tree (0-5 per cent.), in tea (2-4 per cent.), 
in Paraguay tea (from Eex paraguayensis), in guarana (about 5 per cent.), the 
roasted pulp of the fruit of PauUinia sorbilis, and in kola nuts (3 per cent.). 
It is also found in minute quantities in cocoa. It is used in medicine as a nerve 
stimulant and diuretic. 

Caffeine crystallizes with one molecule of water. It has a feeble bitter taste, 
and forms salts with the strong mineral acids, which are readily decomposed by 
water. On evaporating a solution of chlorine water contaming traces of caffeine 
there remains a reddish-brown spot, which acquires a beautiful violet-red colour 
when dissolved in ammonia. Sarcosine, NHMe-CHg-COOH, is obtained by 
warming caffeine with baryta water. On electrolytic reduction, desoxycaffeine 
(p. 642) is produced. 

By the action of sodium hydroxide, caffeidinecarboxylic acid, C7HnN’4O-C0OH, 
is produced, which readily breaks down into caffeidine, C7H12N4O, and carbon 
dioxide (Ber, 16, 2309). Further derivatives of caffeine, apoeaffeine, caffuric 
a<;id and caffoline (1:3: 6-trimethylaliantom) are discussed in Ber. 44, 282. 

Chlorine water breaks caffeine up into dimethylalloxan and methylurea 
(p. 633). Chlorine and bromine convert caffeine into chlorocaffeinef m.p. 180®, 
end bromocaffeine, m.p. 206®, Zinc dust reduces both of them to caffeine; 
ammonia and bromocaffeine produce amimcaffeinef which behaves ItIta an aro- 
matic amine (Vol. II) in so far that it yields diazocaffeine with nitrous acid, 
which can be corqjled to form caffeine diazo- bodies (C. 1900, I. 407). Sodium 
noffithoxide converts chiorocaffeine into metkoxy(xiffeinef m.p. 174®, which when 
heated to 200® is converted into tetrametbyluric acid (Ber. 35, 1991). The 
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latter is decomposed by hydrochloric acid into ohloromethane and kydroxycaffeine, 
m>p* 345®. This is identical with 1:3: 7-trimethyiuric acid. PCI5 converts 
hydroxycaffeine into chlorocaffeine. Proceeding from dimethylalloxan, 1:3:7- 
trimethyluric acid may be synthetically made (p. 637), and from this caffeine 
through chloro-oaffeine. Furthermore, the lower homologues of caffeine — 
theobromine and theophylline; — can be synthesized, and by introducing methyl 
into them caffeine will result. This, then, is an additional synthesis of caffeine 
(W. Fischer, Ber. 30, 549). 

Finally, caffeine can be produced from the already synthesized 1 ; 3-dimethyl- 
4 : 6-diaminouracil (see above, theophylline) by preparing the formyl-compound, 
methylating it (below) and heating the product (Ber. 33, 3054) : 


CHgN— 00 

CHgN— C— IT 
Chlorocaflfeine, from 
1:3: 7-Trimethyluiic acid. 


CHgN— CO 


( 1 ) 


-w 


CHgN— C 


Caffeine. 


Formyl -4 : S-dlamino- 
1:3: 7-trimethyIuraci!, 


Just as caffeine can be built up by exhaustive methylation of xanthine and 
the lower methylxanthines, so these bodies are obtained by the breaking down 
of caffeine. Chlorocaffeine (see above) treated with ohlorine and POCI3 at low 
temperatures gives a product in which the 7 -methyl group is chlorinated, whilst 
at higher temperatures the 3 -methyl group is attacked ; if excess of chlorine be 
employed a tetrachlorocaffeine results, in which all three methyl groups are 
chlorinated. When boiled with water, these methyl groups are lost in the form 
of formaldehyde, and by reduction hydrogen may be exchanged for the chlorine 
in the 8-position (Ber. 39, 423) : 


CH3N--OO 


cicHoisr— CO 


I I nis 

90 


I li 

CH,IT— c— sr 

$-Ghlorocaffeme. 



NH— CO 


CICH2N- 

Tetrachlorocaffeine. 


“ CO C*NHv Xanthine, 
I II >CC1 
KH— C— 

8-Chloroxanthine. 


S’Alkylsmnthines are obtained from the corresponding uric acids by heating 
them with carboxylic anhydrides (C. 1901, II. 71). 

NH-CO*C-NH\ (CH,C0,)0 lOT-CO-C-NHv 

I II >CO ► I II >CCH, 

co-nh-c-nh/ co-nhc-n^ 

XJric acid. 8-Methylxanthine. 

The methyl group in these substances is easily chlorinated: 8-triohloro- 
methylxanthines are obtained and can be converted into xanthine-8-carboxylic 
acids, such as Z-methylicanthine-S-carboxylic acid, C5H2]Sr402(CH3)C02H, caffeine- 
S-carboaoylic acid, CsH40a(CH3)3C02H, theobromim-S-carboooylic add, 0520^403- 
(CHa^gCO^H. The acids lose CO2 when boiled with water (C. 1904, II. 625), 
OarmnSi -f HgO, has been found in meat extracts. It is a powder, 

fairly soluble in hot water, which forms a crystalline compound with hydrochloric 
acid. Bromine water or nitric acid produces sarcine. 


18. TRICARBOXYLIC ACIDS 

A. SATURATED TRICARBOXYLIC ACIDS 

(a) Tricarboxylic Acids with Two or Three Carboxyl Groups 
attached to the Same Carbon Atom 

Formation, — (1) By the action on the sodium compounds of malonic esters, 
CHNa(CO2K02, and alkylmalonic esters, R*CNa(C02R')2 — halogen fatty esters 
such as chlorocarbonic ester, chloroacetic ester, a-bromopropionic ester, a-bromo- 
butyric ester, a-bromo4$obutyric ester. The tricarboxylic esters, resulting in 
this way from the unsubstituted malonic ester, still contain a GHj-group the 
hydrogen of which can be replaced with sodium and alkyl iodides, ^ey then 
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yield the same esters which are obtained by starting with the monoalkylmalonio 

6Bt/6T8m 

(2) By the addition of sodium malonic esters to unsaturated carboxylic esters, 

e.g. crotonic ester (Ber. 24, 2888 : C. 1897, I. 28). ^ 

(3) Also, by the gradual saponification of tetraoarboxylic esters, containing 
two carboxyl groups attfiushed to the same carbon atom, which split ofi carbon 
dioxide and yield tricarboxylic esters (Ber. 16, 333 : 23, 633 : Ann. 214, 58). 

(4) By heating the appropriate ketone-tricarboxylic esters (Ber. 27, 797), 
when a loss of CO occurs. 

Like malonic acid, these tricarboxylic acids readily break down with the 
elimination of COg, yielding succinic acids, e.g, : 


(CH3)gCCOgH 

I 


- CO, 


CH(C02H)2 

fcSoButane-ot«/5-tricarl3oxylic 

acid. 


(CHsjgCCOgH 

I 

CHjCOjH 
as.- Diraethylsuccinic 
acid. 


Bor the saponification of tricarboxylic esters consult Ber. 29, 1867. 

Methanetricarboxylic acid, CH(COOH)j. Ethyl est&r, m.p. 29°, b.p. 253°, 
from sodiomalonic ester and ethyl chloroformate (Ber. 21, R. 531). Methyl 
ester, m.p. 46°, b.p. 128°/15 mm., 243°/760 mm. (Ann. 397, 355). 

Alkyhnethanetricarhoxylic esters^ CR(COOR)3, see Ann. 397, 358. 

Methanetricarboxylic diphcnylamidine diethyl ester, (CoH500C)2CH*C<f , 

\NHCeH5 

m.p. 167°, is formed by the combination of sodium malonic ester and carbo- 
diphenylimide, C(NCeHs)2, (Vol. II) (Ber. 32, 3176). 

Cyanomalonic ester, GH(CN)(C02R)2» results from the action of cyanogen 
chloride on sodium malonic ester. It volatilizes without decomposition under 
greatly reduced pressure. It has a very acid reaction, and decomposes the 
alkali carbonates, forming salts, like CNa{CN)(C02R)2 (Ber. 22, R. 567 ; C. 1901, 
I. 675). 

Cyamform, CH(CN)3 -f CH3OH (?), m.p. 214° (decomp.). Sodium oyano- 
form is produced when cyanogen chloride acts on malonitrile and sodium ethoxide 
(Ber. 29, 1171). 

Ethaneiricarboxylic ester, carboxymccmic ester, C2H500C*CH2*CH(C00C2H5), 
b.p. 278°, is obtained from ethyl sodiomalonate and the ester of chloroacetic acid. 
Chlorine converts it into the chhro- compound, C2H2C1(C02C2H5)3, b.p. 290°. 
When heated with hydrochloric acid, it yields carbon dioxide, hydrochloric acid, 
alcohol, and fumaric acid ; when hydrolysed with alkalis, carbon dioxide and 
malic acid are the products (Ann. 214, 44). 

Methyl a-cyanosuccinate, (C0aCH3)CH2CH(CN)C02CH3, is obtained from 
methyl cyanoacetic ester and chloroacetic ester (Ber. 24, R. 557). 

ap-Dicyampropionic ester, NC'CH2CH{CN)C02C2H5, b.p. 169°/20 mm., is pre- 
pared from formaldehyde cyanohydrin and sodium cyanoacetic ester : 

CNCHgOH + NaCH(CN)COaR = CN*CH2CNa(CN)C02R + H2O. 

The cyanohydrins of homologous aldehydes and ketones condense similarly : 
ap-dkyatioisovaleric ester, NC-C{GS^)2CH.{CN)C02CzH.s, b.p. 150°/22 mm. ; a)5- 
dicyampelargonic ester, C«HiiCH(CN)CH(CN)C02C2H5, b.p. 192°/20 mm. (C. 
1906, II. 1562), etc. 

Proj^m<tap4rimrboxyUc acid, CHs-CH(COOH:)-CH(OOOH 2). The free acid 
(isomeric with tricarballyHo acid), m.p. 146°, bre^s down into carbon dioxide 
and pyrotartaric acid. Ethyl ester, b.p. 270°. 

Propane<tp^4ricarboocylic ester, CH3-C(C02Et)2*CH2(C02Et), b.p. 273°. 

Butane^mp-tricarboxylic ester, CaH5‘GH(C02Et)*CH(C02Et)2, b.p. 278°. 

Buiane-aPfi-iricarboxylic ester, G2H5*C(C02Et)2-CH2*C02Et, b.p. 281°. 

Butan^-^mxZ-tricafhQxylic ester, (C0aEt)CH:aGH2GH2CH(G02Bt)2, b.p. 203°/40 
mm. (C. 1897, 11. 542). 

}mButane-axx.^-trimrboxylic e$ier, (C02Et)C(CH3)2*GH(G02Et)2, b.p. 277°. 
(OJ* Ber. 23, 648.) 

&&.-D%me£hylGyanasfuccini^ ester, C0jEt*GH{CN)*G(CH8)a*C02Et, b.p. 186°, is 
formed from sodium cyanoacetic ester and bromowbutyric ester (Ber. 27. R. 
506 ; C. 1899, I. 593, 873). ' 
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OL-Cyamglutaric ester (Ber. 27, R. 506). 

cL-Alkyl-oL’Carhoocylglutaric esters (Ann. 292, 209: C. 1897, I. 28). 

oL-Cyam^P-isopropylglutaric ester, b.p. 195°/30 mm. (C. 1899, I. 1157). 

^‘Methylp7'opa7ie-(xccy4ricarboscyUc acid, p-methylglutaric-a.'Carboxylic ester, 
(C02Et)2CHCH(CH3)CH2C02Et, b.p. 165^/11 mm., is formed from sodium malonic 
ester and erotbnic ester, and gives, somewhat remarkably, a sodium salt which, 
with iodomethane, yields ^’inethylbutane-OLOLy-tricarboxyUc ester, (C02Et)2CHCH- 
(CH3)CH(CH3)C02Et, b.p. 167°/10 mm. This substance is isomeric with 
^•methylhutane-(x.yy4ricarhoxylic ester (C02Et)2C(CH3)CH(CH3)CH2C02Et, b.p. 
161®/10 mm., prepared from sodium methylmalonic ester and croton ic ester. 
This substance yields a sodium salt which, with iodomethane, gives aj8y-trimethyl- 
propane-aay-tricarboxylic acid (Ber. 33, 3731). 

^^‘Dimethyl’a-carboxylglutaric ester, see ]Sj8-dimethylglutaric acid (p. 559), 

pp-Di7nethyl-oi‘Cya7ioglutaric ester (C. 1899, I. 252, 532). 

(b) Tricarboxylic Acids with the Carboxyl Groups attached to 
Three Carbon Atoms 

There are many members of this class which are obtained through loss of 
OO2 from tetra- and penta-carboxylic acids, which possess one or two pairs of 
COjH-groups attached to the same carbon atom (Ber. 24, 307, 2889 : 25, R. 
746 : C. 1902, I. 110). 

Tricarballylic acid, CH2(002H)-CH(C03H)-CH3(C02H), m.p. 162-164^ 
occurs in unripe beetroot, and is found in the deposit in the vacuum pans during 
the manufacture of beet sugar. It is prepared U) i^y reduction of aconitic acid 
(p. 648) (Ann. 314, 15 ; C. 1903, II. 187), and of citric acid (p. 664) ; (2) syn- 
thetically from glyceryl tribromide, CHgBr'CHBr'CHaBr and KNC, and decom- 
position of the tricyanide with aqueous potassium hychoxide : also from a whole 
series of synthetically prepared bodies by cleavage reactions ; (3) from diallyl- 
acetic acid (p. 354) by oxidation ,* (4) from a-acetyltricarballylic ester (p. 667) 
by hydrolysis (Ber. 23, 3756) ; (5) from propane-aajSy- and -ajS^y-tetracarboxylic 
ester ; (6) from oyanotricarballylic ester, the product of combination of sodium 
cyanosuccinic ester and bromoacetio ester (0. 1902, I. 409) ; (7) from propane 
pentacarboxylic ester (p. 678), with loss of COg (Ber. 25, R, 746). It forms 
prisms which are easily soluble in water. 

The silver salt, OeHsOgAga ; calcium salt, (CeH506)2Ca3 -f 4H2O, dissolves with 
difficulty (C. 1902, I. 409) ; trimethyl ester, 0611503(0113)3, b.p. 150V13 mm. ; 
chloride, C3H6(C0C1)3, b.p. 140714 mm. (Ber. 22, 2921) ; anhydride acid, 
m.p. 131® (Ber. 24, 2890) ; triamide, C 3 H 5 (CONH 2 ) 3 , m.p. 206® ; amidimide, 
CgHgOgNg, m.p. 173° (Ber, 24, 600). Trihydrazide and triazide, 

(J. pr. Chem. [2] 62, 236). 

Homologous Tricarballylic Acids ; 

OL-Methyl’, two modifications, m.pp. 180° and 134° (c/. Monatsh. 23, 283); 
p- 7 netkyU, m.p. 164° ; oL-ethyh, m.p. 147° ; oL-n.-propyl, m.p. 151° ; a-i&opropyl, 
m.p. 161° (Ber. 24, 288) ; aiii’dimethyl-, three modifications (Ber. 29, 616) ; aa- 
dimethyltricarballylic acid, three modifications, m.pp* 143°, 174°, and 206° 
(0. 1899, I. 826 ; 1900, II. 316 ; 1902, 1. 409). These acids are prepared from 
the corresponding cyanotricarballyiic acids (the condensation products of sodium 
cyanosuccinic esters and a-bromo-fatty acid esters), or from sodium cyanoacetic 
esters jand alkylbromosuccinic esters. Trimethyl bromosuccinic ester, however, 
after reaction with sodium cyanoacetic ester, hydrolysis and cleavage of the 
product of condensation, does not yield the expected trimethyl tricarballylic 
acid, but B-7nethylpe}7tane-ccyh4ricarboxyU€ acid, (CH3)2C{COOH)CH(COOH)CHa- 
CH2COOH (C. 1902, 1. 409). 

a.cx.fi^TrimethyUricarballylic acid, camphoronic acid, (CH3)j5C(C02H)0(CH3)- 
(C02H)*CH2C02H, m.p. 135°, is formed when camphor is oxidized. It is of 
fundamental importance in the determination of the constitution of camphor 
(Vol. II), 

apB-JButanetricarboxylic acid, m.p. 119° (C. 1902, II. 732). 

oLyS-Pentaneiricarboxylic add, hcemotricarboxylic acid, two modifications, m.pp. 
141° and 175°, is formed by the acid reduction of hsematinic acid (p. 750) (Arm. 
345, 2). 
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ay€'Peftiartstri<xiTboxylic acid^ m.p. 107° (Ber. 24, 284). BtUane-^B'dicarboxylic- 
y-ucetic acid, m^CR{COOB.)Cn{CK^COOB.)^ (Monatsh. 21, 879). Methane-adrt^ 
propionic ester, CH[CH(CHs)C02R]3, m.p. 20r, is prepared from orthoformic 
ester, a-bromopropionic ester and zinc (C. 1906, I. 338). 

B. OLEFINE TRICARBOXYLIC ACIDS 

Aconitic acid, CH 2 (COOH)-C(COOH) : CH(COOH), m.p. 191^ 
with decomposition into CO 2 and itaconic anhydride (p. 571). It is 
isomeric with trimethylene tricarboxylic acid and occurs in 

different plants ; for example, in Aconitwm napeUtts, in Equisetum 
fiuviatile, in sugar cane, and in beetroots. It is obtained by heating 
rapidly citric acid alone or with concentrated hydrochloric or sulphuric 
acid (Ber. 20, B. 254 ; Ann. 314, 15). 

Aconitic acid has been synthetically prepared by the decomposition 
of oxalocitric lactone ester {q*v.) with €dkali ; by the decomposition 
of the addition product of so^um malonic ester and acetylenedi- 
carboxylic ester (J. pr. Chem. [2] 49, 20) ; also from cyanoaconitic 
acid, the product of reaction of cyanoacetic ester, oxaloacetic ester 
and sodium ethoxide (C. 1906, II. 20). It is readily soluble in water, 
and is reduced by nascent hydrogen to tricarballylic acid. 

The calcium salt, (CeH306)2Ca3 + OHjO, dissolves with difficulty ; trhnethyl 
ester, b.p. 161°/14 mm., results from the distillation of acetylcitric- 

trimethyl ester (Ber. 18, 1954), and from acomtic acid, methyl alcohol, and 
hydrochloric acid (Ber. 21, 669). 

as.-Aconihc anhydride acid, (constitutional formula, see below), m.p. 

76°, is formed when aconitic acid is heated in vacuo to 140°, and when it is 
treated with acetyl chloride. When distilled in vacuo it decomposes into CO2 
and itaconic anhydride (Ber. 37, 3967). QB,-Aconiiimide acid, CeH404(NH) (con- 
stitutional formula, see below), m.p. 191°, is formed from acyl citrimide esters 
and alkalis (p. 666) ; also from jS-anilinotricarballylimide esters and dilute hydro- 
chloric acid (Ber. 23, 3185, 3193). The acomtic esters and ammonia yield the 
amide of sym.’acomtimide acid, citrazinic acid (formula, see below) (Vol. II), 
which results also from the amide of citric acid and mineral acids (Ber. 22, 
1078, 3054 : 23, 831 : 27, 3456) ; 

< CO — 0 yCO.NH ^CH— -COv 

I HOgC-CH : C< j HOaC-Cf >NH 

CHa— CO NCHg-CO XCHg— CO/ 

as.-Aconitlc anhydride acid. oa.-Aconitindde acid. Citrazinic acid. 

a-(or y)-MethylacQnitic acid, H03C*C(CHs) : C(C02H)CH2C0aH or HOaC-CH- 
CH2C*(C02H) ; CHCOgH, m.p. 159°, is prepared from methylcyanoaconitie ester 
(p. 670). It reacts with acetyl chloride to form an anhydride acid, m.p. 61°, which 
when heated to 159° decomposes into ]S-methylitaconic anhydride and COa- 
ay-Dimethylaconitic acid, m.p. 164° ; the anhydride-acid, m.p. 74°, is formed 
from cyano-ay-dimethyl-aconitic ester (C. 1906, 11. 21). 

isoAconitic ethyl ester, (CaH500C)aCHCH ; CHCOOC2H5, is formed when 
dicarboxyglutaconic ester is incompletely hydrolysed. It is converted by 
piperidine into a bimolecular polymer which yields a bimeric glutaconic acid 
m.p. 207° (p. 676) on hydrolysis with hydrochloric acid (Ber. 34, 677). 

Aceconitic acid and citracetic acid, CgH^Oe, are two acids of unknown con- 
stitution, isomeric with aconitic acid. They are obtained by the action of sodium 
on bromoacetic ester (Ann. 135, 306 : cf. Ber. 27, 3457). 

OLyB-Butenetricarboxylic acid, HOOC'CHaCH(COaH)CH : CHCO2H, m.p. 148° 
(C. 1902, II. 732). 

A'^-Fe7}tene-aLyh-tricarhoxyUc acid, HOaC-CHaCHaCCCOgH) : CH-COaH, is un- 
known in the free state. Its anhydride- and imide-add are identical with the 
h^s^tinic acids, obtained from haematin (?.«.) by the ordinary action of chromic 
acid. The acids decompose on dry distillAtion into CO2 and methylethylinaleic 
anhydride and imide, respectively (p. 574) (Ann. 345, 1), 



VI. TETRAHYDRIC ALCOHOLS AND THEIR 
OXIDATION PRODUCTS 


Theoretically, there are 15 classes of tetrahydric alcohols, a figure which is 
obtained by the combination of the individuals — CH^OH, =CHOH, sCOH, 

according to the formula, ~ etc., where w — 3. The 

number of possible classes of oxidation products can be calculated by combining 
the six individuals — CH 2 OH, =CHOH, =COH, — >CHO, =CO, — COgH, sub- 
stituting m = 6 in the above equation and subtracting the number 15 of the 
tetrahydric alcohols. Thus, it is found that there are 111 classes (126 — 15) of 
oxidation products theoretically possible. If the difference between the various 
primary, secondary and tertiary alcohol groups is neglected and, for example, 
all trihydroxycarboxylic acids are grouped as one class, this number of theoretical 
classes of oxidation products is reduced to 34. Of these, representatives of some 
15 classes are known. 


1. TETRAHYDRIC ALCOHOLS 


The best-known tetrahydric alcohol is ordinary t-erythritol, which, 
like mesotartaric acid (p. 658), is optically inactive by internal com- 
pensation. This alcohol and df-er 3 d}hritol were synthesized from 
butadiene in 1893 by Griner. 

Butadiene (p. 116) forms an unstable dibromide, which becomes 
rearranged at 100° into two difierent stable dibromides. When these 
are oxidized by potassium permanganate, the. one passes into the 
dibromohydrin (m.p. 135°) of ordinary or i-erythritol, whilst the other 
becomes the dibromohydrin (m.p. 83°) of dH-erythritol. Potassium 
hydroxide converts these two dibromohydrins into two butadiene 
oxides, which, with water, yield respectively and d?-erythritol 
(Ber. 26, R. 932 : Ann. 308, 333) : 


CH=CH2. 

CH^CHs 


HC-CHaBr 

|] 

HC-CHgBr 

HC-CHaBr 


CHaBr.CH 


(HO)HC-CH2Br (HO)HC-CHa(OH) 

> 1 > I 

(HO)HC-CHaBr (HO)HC'CHa(OH) 

in.p. 135° i-EtytinitoI. 

(HO)HC-CHjBr (HO)HCCHs(OH) 

> I >- I 

CHjBrCH(OH) CHj(OH)Caa[(OH) 

in.p. 83® tfZ-Erjrthritol. 


i-Erythritol, erythroglucin, 'phycitol, CH 2 (OH)*CH(OH')CH(OH)*- 
CHg-OH, m.p. 126°, b.p. 330°, occurs free in the alga Protococcus 
vulgaris. It exists as erythrin (orsellinate of erythritol) ia many lichens 
and some algse, especially in Boccella Monfagnei, and is obtained from 
these by hydrolysis with sodium hydroxide or calcium hydroxide. 


Erjithrin. 


= C4He(OH)4 + 2CaH204. 
ExythiitoL OiseUinic acid. 
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t-Erythritol is also formed by the reduction of ^-eryth^ose (Ber. 32, 
3677). 

Like all polyhydrio alcohols erythritol possesses a sweet taste. 

By carefully oxidizing erythritol with dilute nitric acid erythros© 
results. More intense oxidation produces erythritic acid and meso- 
tartaric acid (p. 658). 

vErythfitol tetranitrate, C4H8(0N02)4, m.p. 61% explodes violently when struck. 
It is used medicinally in small doses to reduce high blood pressure. i’-Erythritol 
tetraacetate, m.p. 85°. 

i-Erythritol dicUorohydrin, C4H6(OH)2Cl2, m.p. 125°, is formed from ery- 
thritol by the action of concentrated hydrochloric acid. i-Erythritol ether, 

/\ /°\ 

CHg-CH-CH-CHg, b.p. 138°, = l-llS, is formed when potassium hydroxide 

acts on the dichlorohydrin. It is a liquid with a penetratmg odour, and behaves 
like ethylene oxide (p. 367). It combines slowly with water, yielding erythritol, 
with 2HC1 to the dichlorohydrin, and with 22010 to the nitrile of dihydroxyadipic 
acid (Ber. 17, 1091). 

Condenmtion Frauds. — ^Erythritol condenses with formaldehyde, benzalde- 
hyde and acetone under the action of hydrochloric acid yielding i-erythritol 
diformal, C4H804(CH2)2» m.p. 96° (Ann. 289, 27) ; i-erythritol dihenzal, m.p. 97° ; 
and i-erythritol diacetone, C4Hg04(C3H6)2, m.p. 56°, b.p. 105°/29 mm. (Ber. 28, 
2531). 

d-Erythritol, m.p. 88°, = — 44°, is obtained by the reduction of ery- 

thrulose (C. 1900, II. 31). Z-Erythritol, [a]» ~ + 4*3°, is similarly obtained 
from l-threose (0. 1901, II. 179). 

dZ-Erythritol, m.p. 72°, is obtained by the combination of the d- and Z- 
compounds. It is identical with the substance obtained from divinyl (p. 116). 

d\-Erythritol ether (Ber. 26, R. 932). Tetraacetyl-dX-erythrM, m.p. 53°. 

Nitro-ferif.-butylglycerol, N02C(CH20H)3, m.p. 168°, is formed from nitro- 
methane, formaldehyde, and potassium hydrogen carbonate (Ber. 28, R. 774). 
Reduction converts it into hyaroxylamino-teTt,-butylglycerol, H0HN‘C(CH20H)8, 
m.p. 140° (Ber. 30, 3161), which by the action of mercuric oxide is converted 
into the oxime of dihydroxyacetone (p. 590). 

Pentaerythritol, G(CH 2011)4, m.p. 250-255°, is obtained by condensing 
formaldehyde and acetaldehyde by means of lime (Compt. rend. 133, 590 : see 
also vinylcycZopropane, Voi. II). Tetraacetate, m.p. 84° (Ann. 276, 58). Di- 
suiphite, m.p. 153° (Ber. 61, 118). Tetraethyl ether, b.p. 220° (C. 1897, II. 694). 
The mono- and di-Jormaldehyde condensation products, m.p. 60° and 50° (Ber. 
61, 55), the mom- and diacetone compounds, m.p. 135° and 117° (Ber. 61, 116), 
and the dihenzylidine compound, m.p. 160° (Aim. 289, 21), are obtained from 
the appropriate aldehyde or ketone and pentaerythritol in presence of hydrochloric 
acid or anhydrous copper siilphate. 

According to recent investigations (Z. anorg. Chem. 172, 121) the central 
atom in pentaerythritol, contrary to previous views (Ber. 69, 1526), possesses 
a tetrahedral configuration, in agreement with van ’t Hoff’s representation. 

Two hexaerythritols have been prepared by oxidizing diallyl, CH2=CH*- 
CHa — CHa — CH^CHg (p. 117). Oxidationof hexadiene dibromide, CHgOHBrCH:- 
CHCHBrCHa, produces a dibromo-di-hydroxyhexane which, when warmed with 


aq ueou s sodium hydroxide, yields hexadiene dioxide, 6*CH(CH8)CH‘CH-CH- 
(CH,)*!), b.p. 177° (Ber. 35, 1341). 


2. TRIHYDROXYALDEHYDES and 
3. TRIHYDROXYKETONES 

Erythrose, tetroee, is probably a mixture of a trihydroxyaldehyde and a 
trihydroxyketone (c/. Glycerose, p. 589 : Ber. 35, 2627). It is produced when 
erythritol is oxidiz^ with dilute nitric acid. It yields phenylerythroeazone. 
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C4H^02(N2HC8H5)2« m.p. 167° (Ber. 20, 1090). This probably is also produced 
from the condensation product of glycolyl aldehyde {p. 389) (Ber. 25, 2553 ; 
35, 2630). 

CHO CHO 


I 

HO-C-H 

I 

HO-CH 

I 

CHjOK 

i-Erythrose 

(I) 


I 

H-C-OH 

I 

HO-C-H 

1 

CHgOH 

i-Threose 

(II) 


d-Erythrose [Imvo-rotatory) is formed when d-arabonic acid is oxidized with 
hydrogen peroxide (Ber. 32, 3674). Z-Erythrose [(I) above] (dextrorotatory) 
results from the oxidation of Z-arabonic acid, or by the decomposition of 
Z-arabinose oxime through the nitrile, by loss of hydrocyanic acid (Ber. 32, 3666 : 
34, 1365) (c/. also the decomposition of d-dextrose, p. 673). Similarly, by 
oxidation, or by the hydrocyanic acid reaction, Z-xylose yields Z-threose [(II) 
above] stereoisomeric with erythrose. Z-Erythritose and Z-threose yield the same 
osazone (Ber. 34, 1370). 

Erythrulose is obtained from erythritol by means of the iS'or6o5e bacterium. 
It yields d-erythritol on reduction, and is probably a ketose. Methyltetrose, 
0 H 3 [CH 0 H] 3 CH 0 , is obtained from rhamnose oxime and acetic anhydride, and 
also from rhamnonie acid and hydrogen peroxide. Osazoyie, m.p. 173°. Benzyl- 
phoiylhydrazone, m.p. 97°, when oxidized with nitric acid, yields d-tartaric acid ; 
bromine water produces methyltetronic acid (Ber. 29, 138 : 35, 2360). 

Thyminose, CHjOH*[CHOH] 2 -CH 2 *CHO, is a desoxyribose occurring in 
animal nucleic acids. (J. BioL (5hem. 83, 793, 803 : 85, 785.) 


4. DIHYDROXYDIALDEHYDES 

Mesotarta-ric aldehyde^ CHO'CHOH-CHOH'CHO, is obtained as a colourless 
powder by the action of dilute sulphuric acid on its acetal. The acetal is prepared 
by the oxidation of maleinaldehyde diacetal, the reduction product of acetylene- 
dialdehyde diacetal, with permanganate (Ber. 45 , 322). 

l-Tartaric aldehyde is obtained from the diamide of saccharic acid, bromine and 
alkali (p. 717). 


5. HYDROXYTRIKETONES 

y-Methylheptan-y-ol-^^i-trione, CH 3 'CO-CMe(OH)-CHi 5 -CO'CO-CH 5 , b.p. 1 28718 
mm., is the aldol of diacetyl (p. 402), 

6. TETRAKETONES 

TetraacetyUtham^ {CH 3 CO) 2 CH — CH(COCH 3 )a, is obtained from sodium 
acetylaceton© by means of iodine or by electrolysis (p. 403). 

Octane-^Ze-q-tetrcLone, oxalyldiacek>ne, CHgCOCHs’COCO-CHaCOCHs, m.p. 121°, 
and oxalyldimethylethyl ketone^ decane-ye^d-tetraone, CoHgCOCHg’COCO'CHg- 
COCgHg, m.p. 76°, are formed from oxalic ester, acetone or methylethyl ketone 
and sodium ethoxide. They consist of yellow crystals, which remain yellow on 
fusion and form yellow solutions, Oxalyl diacetone give a dipyrazol© derivative 
with phenylhydrazine (Ann. 278, 294). 

Methenylbisacetylacetonet (CH 3 CO) 2 CH*CH=C(COCH 3)2 is obtained from 
ethoxymethyleneacetylacetono (p. 592) by the addition of acetylacetone. 

7 . TRIHYDROXYMONOCARBOXYLIC ACIDS 

Trihydroxybutyric acid, mc.-erythronic acid, erythroglucic acid, CHaOH- 
[CHOHJaCOaH, is obtained by the oxidation of erythrytol (Ber. 19, 468). It 
is a crystalline deliquescent mass. 

d-Erythronic acid (loevorotatory) is formed by the oxidation of d-erythritose 
with bromine ; from d-fructose with HgO ; and from dextrosone (p. 686) with 
bromine (C. 1902, I. 859 : II. 109), d-Erythronic lactone, m.p. 103°. 
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hErythrmic acid (dextrorotatory) is prepared from /-erythrose and bromine 
water. hErythronic lactone, m.p. 104° (Ber. 34, 1362). 

r&c.’Erythronic lactone, m.p. 91°, is obtained from y-hydroxycrotonic lactone 
(p. 453), and permanganate. The y-eihyl ether of erythronic acid, CgHgO-CHgCH- 
OH-CHOH-COgH, m.p. 91°, is similarly obtained from y-ethoxycrotonio acid 
(C. 1905, I. 1138 : II. 457). 

Trihydroxyi^obutyric acid, (CH20H)2*C(0H)C02H, m.p. 116°, is obtained 
from glycerose and HNO (Ber. 22, 106). 

gjgy-Trihydroxyvaleric acid, a^-dihydfoxy-y-vaUroUctom, CH gCHCH (OH )- 


CH(OH)COO, m.p. 100°, is formed by oxidation of a-angelic acid lactone (p. 453) 
by permanganate (Ann. 319, 194). This dihydroxyvalerolactone must be looked 
on as being the racemic form of the rm^hylt^bronic acid lactone, m.p. 121°, [a]j> — 
— 47‘6°, obtained by oxidation of methyltetrose (p. 651) by bromine water, 
ajSy-Trihydroxyvaleric acid is specially characterized by its phenylhydrazide, 
m.p. 169°, and its brucine salt (Ber. 35, 2365). 

ay8-Trihydroxyvaleric acid ; the aZ-oxide of this acid, the 4i-hydroxytetra'- 

hydrofuran-2 -carboxylic acid, OCH2‘^^(0^)^^aCHCOOH, m.p. 110°, is formed 
from the corresponding malonic acid derivative when it is heated with water 
(Ber. 37, 4544). 

The corresponding aS-imide — 4k-hydroxypyrrolidine-2-carboxyUc acid, ^-hy- 

I I 

droxyprolixie, HNCHaCH(0H)CH2CHC02H, a-form, m.p. 261° (decomp.), 
P-iovm 250° (decom p.), is formed from aS-bromo-chloro-y-valerolactone, ClCHj- 

CH-CHa'CBIBr'COO. The a-form yields a slightly soluble copper salt. This 
acid, like the a8-oxide, is prepared from synthetic 8-chlorovalerolactonecarboxylic 
ester (see p. 653) by the action of ammonia. Two inactive forms are produced, 
one of which can be resolved by the aid of quinine with the formation of the 
natural hydroxyproline, m.p. 270° (decomp.) [a]®®, — 81*04°, which is also pre- 
pared by the hydrolysis of gelatin (Ber. 35, 2660). 

Both compounds possess a sweet taste, are reduced by hydriodic acid and 
phosphorus to proline (p. 598), and are very stable towards hydrolytic agents 
(Ber. 41, 1726), 

8. DIHYDROXYKETOMONOCARBOXYLIC ACIDS 

ccy-Diethoxy-acetoacetic eeter, CJ3.fi'CE.2C0'CB.{0C^s) C0z0JS.^, b.p. 132°/14 
mm,, is prepared from ethoxychloroacetoacetic ester (p. 600) and sodium ethoxide 
(Ann. 269, 28), 

9. HYDROXYDIKETOCARBOXYLIC ACIDS 

Acetylacetone chloral, CCl3*OH(OH)CH2CO*CH2COCH3, m.p. 78°, is a deriva- 
tive of a-hydroxy-y€-diketoheptoic acid. It is prepared from chloral and acetyl- 
acetone (C, 1898, n. 704). 

10. TRIKETOMONOCARBOXYLIC ACIDS 

. The ^-phenylhydrazone of CL^y-iriketo-n.-valeric acid, m.p. 206°, is prepared 
from sodium acetoneoxalic acid and diazobenzene chloride (Ann, 278, 285). 

Diaeetylpyrorczcemic acid, (CH3C0)2CHC0C02H, provides a derivative cyano* 
iminomethylacetylacetone (CH3CO)2CH-C(NH)CN, which is prepared from acetyl- 
acetone, cyanogen and a little sodium ethoxide. Aqueous sodium hydroxide 
decomposes it into sodium cyanide and cyanoacetylacetone (p. 603). It combines 
with a further quantity of acetylacetone to form dicyanodiacetylacetone and 
similarly with acetoacetic ester and malonic ester (Ann, 332, 146). 

Derivatives of pyruvylpyruvic acid, CHaCOCO-CHgCOCOOH, are formed from 
pyroracemic ester and aromatic amines, e,g., CH3C(NCcH5)C0CHoC{NC6H5)C02- 
CjHj, which is decomposed by sulphuric acid into CH3C(N06H5)COCH2COCOs- 
O2H3, m.p. 140° (C, 1902, 1, 1320). Homopyruvylpyruvic acid, ay8-triketoheptoic 
acid, provides derivatives such as the methoxime ester, C^Kfi{ 1 ^ 0 *CE. 2 )COCB.t; 
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COCO 2 R ; methyl ester ^ m.p, 80° ; ethyl ester, m.p. 41°, which are prepared from 
the methoxime of acetylpropionyl (pp. 402, 407), oxalic ester, and sodium 
ethoxide (Ber. 38, 1917). 

ay-Diacetylacetoacetic acid, CH3C0CH2C0CH(C0CH3)C02H. The lactone of 
the S-aci- or -enol-form of this hypothetical acid, dehydracetic acid, Q-methyl- 
CO— O— CCH3 

^-aceto-pyromyie, j |j , m.p. 108°, b.p. 269°, is formed by 

CHgCO-CH-CO -CH 

boiling acetoacetic ester under a reflux condenser ; from dehydracetocarboxylic 
acid (Ann. 273, 186) by evaporation with aqueous sodium hydroxide ; from acetyl 
chloride and pyridine ; and from triacetic acid (p. 603) by heating with acetic 
anhydride and sulphuric acid (C. 1900, II. 625). It is isomeric with tsodehydra- 
eetic acid (p. 626). The constitution of dehydracetic acid has been demon- 
strated by Feist (Ann. 357, 261 : Ber. 27, R. 417), Hydriodic acid produces 


dimethylpyrone, CHa-C : CH-CO*CH:C*CH 3 (q.v,). 


11. DIHYDROXYDICARBOXYLIC ACIDS 
(i) SATURATED DIHYDROXYDICARBOXYLIC ACIDS 
A, Malonic Acid Derivatives 

yh-Dihydroxypropylmalonic acid, CH 2 (OH)CH(OH)CHa CH(COaH) 2 ; lactone 
ester , h-hydroxy-yvalerolactone-oi-carboxylic ester, CH 2 ( 0 H)*CHCH 2 CH(C 02 C 2 H 5 )- 


COO, a syrup, is formed from 8-chloro-y-valerolactone carboxylic ester, the 
product of condensation of epichlorohydrin (p. 587) and noalonic ester. The 
lactone ester and alcoholic ammonia form yb-dihydroxypropyhnalonamide, m.p. 
140° (Ber. 35, 197 ; c/. also Ber. 38, 1939). Hydrolysis of the chlorovalero- 
lactone ester causes loss of COg and pro duction of chloro-y-valerolactone, together 

with the dUactane, IlCHgCHCHa'CHCO, m.p. 180® ; bromine produces a-bromo- 


A 


-io 


8-chloro-y-valerolactone ester (Ber. 40, 301). 

CHgCHa-CH. 

Di-w-hydroxypropylmahnic add dUactone, \ 

O- 

m.p. 106°, is formed from diallylmalonic acid (p. 577), and hydrobromic acid 
(Ann. 216, 67). 


.•CH2\ yCHaCHgi 

-co/\co ( 


I 

-O 


B. Succinic Acid Derivatives 

Tartaric Acids, Dihydroxysuccinic Acids . — ^Tartaric acid is known 
in four modifications ; all possess the same structure and can be 
converted into one another. They are : (1) Ordinary or dextro- 
tartaric acid. (2) Xcevo-tartaric acid. These two are ^stinguished 
from each other by their equally great but opposite molecular rota- 
tory power. (3) Bacemic acid, paratartaric acid, or dZ-tartaric acid. 
This is optically inactive, but can be resolved into dextro- and 
isBvo-tartaric acids, from which it can again be reproduced by their 
union. (4) we^oTartaric acid, antitartaric acid, i-tartaric acid, is 
optically inactive and cannot he split into other forms. The isomerism 
of these four acids was exhaustively considered in the introduction. 
According to the theory of van H Hoff and he Bel, it is attributable 
to the presence of two asymmetric carbon atoms in the dihydroxy- 
succinic acids. A compound containing one asymmetric carbon atom 
may occur in three modifiications — a dextro-form, a Isevo-fonU, and, 
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by union of these two, an inactive, resolvable (^^modification. If 
the same atoms or atomic groups are joined to two asymmetric car- 
bon atoms,— that is, if the compound be symmetrically constructed, 
like dihydroxysuccinic aoid, — ^then in addition to the three modifi- 
cations capable of forming a compound with one asymmetric carbon 
atom there arises a fourth possibility. Should the groups linked to 
the one asymmetric carbon atom (viewed from the point of union 
of the two as 3 nnmetric carbon atoms) show an opposite arrangement 
from that of the groups attached to the second asymmetric carbon 
atom, then an inactive body will result by virtue of internal compen- 
sation. The action on polarized light occasioned by the one asymmetric 
carbon atom is equalized by an equally great but oppositely directed 
injfiuence exerted by the second asymmetric carbon atom. (See also 
Ber. 35, 4344.) 

Therefore, the four symmetrical dihydroxysuccinic acids can be 
represented by the following formulas, which represent the projection 
of the spacial formulae on the plane of the paper. 

COaH COjjH COaH 

I I I 

H— ♦C— OH HO— *C— H H— *C— OH 

I I I 

HO— *0— H H— *C— OH H— *C— OH 

I I I 

COaH CO^H COgH 

(1) rf^arfroTartaiic acid. (2) JatJoTartaric acid. (3) Twe^oTartaric acid. 

d-Tartaric acid + Z-tartaric acid = (4) Racemic acid. 

The configuration of d-tartaric acid, as represented above, follows 
in consequence of the formation of this acid from the oxidation of 
methyltetrose, the decomposition product of rhamnose (p. 675). 

The heat of combustion of the ester of ^wesctartaric acid is 2*6 Cal. 
greater than that of racemic ester (C. 1919, III. 778) : this difierence 
between the meso- and racemic forms appears to a general phenomenon 
(C. 1926, II. 2537). 

Mistoncal. — Scheele in 1769 showed how this acid could be isolated from argol. 
Kestner in 1822 discovered racemic acid as a by-product in the manufacture of 
ordinary tartaric acid, and in 1826 Qay-Lussac investigated the two acids. He 
and later Berzdius (1830) proved that ordinary tartaric acid and racemic acid 
possessed the same composition, and this fact led Berzelius to introduce the term 
isomerism into chemical science (p. 34), Biot (1838) showed that a solution of 
ordinary tartaric acid rotated the plane of polarized light to the right, whereas the 
solution of racemic acid proved to be optically inactive, and was without action 
upon the polarized ray. Faaieufs classic investigations (1848-1853) demon- 
strated that racemic acid could be resolved into desctro- and Zcevo-tartaric acid, 
and be again re-formed from them. In addition to Icew-tartaric acid, Pasteur 
also discovered inactive or meaotartaric aoid, which cannot be resolved. KehuU 
in 1861 and, independently of him, Perkirif Sr., and Duppa synthesized racemic 
acid and w^sotartaric acid from succinic acid, derived from amber, through the 
ordinary (hbromosuccinic acid. In 1873 Jungfleisch obtained racemic acid and 
mesotartaric acid from synthetic succinic acid, and also the other two tartaric 
acids derivable from racemic acid. Van H Boff in 1874 and, independently of 
him, Le Bd referred the isomerism of the four tartaric acids to the presence of 
two asymmetric carbon atoms in symmetrical dihydroxysuccinic acid. In 1880 
and 1881 Kekuli and ATischiitz found that racemic acid was obtained from fumaric 
acid and meaotaxtaric acid from maleic acid, by oxidation with permanganate. 
This reaction directly linked the isomerism of the tartaric cwjids to the isomerism 
of the two ui^saturated acids — fumaric acid and maleic acid. 
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( 1 ) Racemic acid, paratartaric acid, C 4 H 6 O 8 + H 2 O, m.p, 206® 
(decomp.) (anhydrous), is sometimes found in conjunction with tar- 
taric acid in the juice of the grape, and is formed in the preparation 
of ordinary tartaric acid, when the solution is evaporated over a 
flame, especially in the presence of alumina. 

Racemic acid appears (1) in the oxidation of mannitol, dulcitol 
and mucic acid with nitric acid, as well as when fumaric acid (Ber. 
13, 2160), sorbic acid, and piperic acid are oxidized by potassium 
permanganate (Ber. 23, 2772). It is synthetically obtained (2) from 
glyoxal by means of hydrocyanic and hydrochloric acids (together 
with wie^otartaric acid, Ber. 27, R. 749), and (3) from isodibromo- and 
(together with meaotartaric acid) from dibromosuccinic acid, by the* 
action of silver oxide (p. 556) ; (4) together with glycollic acid 
(c/. the pinacone formation, p. 360), when glyoxylic acid is reduced 
with acetic acid and zinc ; (5) by heating desoxalic acid, COOH-- 
CHOH*C(OH)(COOH )2 (p. 678), with water to 100°, when carbon 
dioxide is split ofl. 

Ethyl alcohol, which can be S 3 mthesized in various ways, consti- 
tutes the parent substance for the first four syntheses. In the fifth 
synthesis carbon monoxide serves for that purpose. 


Synthesis of Racemic Acid 


CHjOH CHg CHj 

CH3 ^ CHg ^ CH* 

I 

COjjH 

Succinic 

acid. 




COjH 

CO 2 H 

COgH 

1 

CHBr 

j 

CHBr 

1 

CH 

^ 1 ^ j ^ 

11 

CHa 

CHBr 

CH 

CO 2 H 

1 

CO,H 

1 

COgH 

Monobronio- 

Ord. dibromo- 

Fumaric 

succinic acid. 

succinic acid. 

acid. 



^ CN 

I 

CHO CO2H CHOH 

^ ^ ^ j ^ 

CHO CHO CH-OH 

I 

CN 


Glyoxal. Glyoxylic acifi. 


COgH 

I ^ 
CHOH 

1 

CH-OH 

I 

CO 2 H 
Eacemic acid. 




(COAHs)^ (COaH)* j 

II li 

COgNa COgCaHs COH COH | 

CO >^HCO.>Na >\ .> I >\ — 

OO^Na COAHfi CHOH CHOH 

I ! 

CO2C2H5 CO^H 

Carbon Sodium Sodium DesoxaUc acid, 

monoxide. formate. oxalate. 


Eacemic acid is also produced when equal quantities of concentrated solutions 
of d- and Z-tartaric acids are mixed (Ber. 25, ISfiO), and together with w^.sotar- 
taric acid when ordinary tartaric acid is heated with water to 


Properties , — ^Racemic acid crystallizes in rhombic prisms which 
slowly efiloresoe in dry air. It is less soluble (1 part in 6*8 parts at 
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15®) in water than the tartaric acid, and has no effect on polarized 
light. Potassium permanganate oxidizes it to oxalic acid, and hydri- 
odic acid reduces it to inactive malic and succinic acids. 

Its salts closely resemble those of tartaric acid, but do not show 
hemihedral faces ; the acid potassium salt is appreciably more soluble 
than cream of tartar ; calcium salt, C 4 H 406 Ca + fflgO, dissolves with 
more difficulty than the corresponding salts of three other tartaric 
acids. Dilute acetic acid and ammonium chloride do not dissolve it. 
It is formed on mixing solutions of calcium d- and U tartrates ; barium 
salt, + 2 JH 2 O, or 5 H 2 O (Ann. 292, 311). Racemic changes 

of the racemates (Ber. 32, 50, 857). 

Optical Resolution of Racemic Acid. — ^When Pasteur was studying 
racemic acid he discovered methods for the decomposition of optically 
inactive bodies into their optically active components, which were 
briefly considered in the introduction (p. 72) : 

(1) Penicillium glaucum, growing in a racemic acid solution, 
destroys the dextro-tavtanG acid, leaving the Z-tartaric acid imattacked. 

(2a) From a solution of sodium ammonium racemate the unaltered 
salt, without hemihedral faces, separates above + 28° (Ber. 29, R. 
112). When the crystallization takes place below -f 28°, large rhombic 
crystals form, some of which show right, others left hemih^al faces. 
The similar forms can be separated by hand, and by comparing a 
solution of the crystals with a solution of calcium deaj^ro-tartrate 
(Ann. 226, 193), the former will be found to possess dextro-rotatory 
power and yield common tartaric acid, whereas the latter yield the 
Jcevo-acid. 

(26) A solution of cinchonine racemate yields, on the first crystalli- 
zation, the more sparingly soluble ^t?o-tartrate. If only half as much 
cinchonine, as is necessary for the production of the acid salt, be intro- 
duced, then two-thirds of the calculated quantity of cinchonine Icevo- 
tartrate will separate (Ber. 29, 42). Quinicine dexiro-tartrate is the 
first to crystallize from a solution of quinicine racemate. 

(3) Racemic acid may also be resolved by means of its Z-bornyl 
hydrogen ester (J.C.S. 117, 191). 

Esters of Racemic Acid : Dimethyl ester, m.p. 85°, b.p. 282°, is produced 
from racemic acid, methyl alcohol, and HCl. It can be made by fusing together 
the dimethyl ester of d- and Z-tartaric acids. It is obtained pure by distillation 
under reduced pressure. In vapour form it dissociates into the dimethyl ester 
of the d- and Z-tartaric acids (Ber. 18, 1397 : 21, R. 643). 

Diacetylracemic anhydride, m.p. 123° (Ber. 13, 1178). 

Dmceiylracemic dimethyl ester, (C2H302)2C4H204(CH3)2, m.p. 86°, results from the 
action of acetyl chloride on the dimethyl ester ; and upon evaporating the benzene 
solution of the dimethyl Z- and d-diacetyl tartaric esters (Ann. 247 , 116). 
Nitrile of diacetylracemic acid, CH3C0*0CH{CN)-CH(CN)0*C0CH3, m.p, 97°, 
is produced together with the nitrile of diaeetylwe^otartaric acid, when acetic 
anhydride acts on the liquid portion of the additive product resulting from 
HNC and glyoxal in alcohol (Ber. 27 , R. 749). 

Jmides : Methyl-, ethyl-, and phenyl-imides, m.p. 157°, 179°, and 235° (Ber. 
30, 3040). The amZ of diacetylracemic acid, m.p. 94°, results when PCI5 acts ou 
the anilic acid, and when the anils of d- and l-diacetyltartaric acids, m.p, 126°, 
combine (privately communicated by Anschutz and Reitter). 

(2) Dextro-rotatory or ordinary tartaric acid (Acidim tartaricum), 
m.p, 167'-170® (Ber. 22, 1814), is widely distributed in the vegetable 
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world, and occurs principally in the juice of the grape, from which it 
deposits after fermentation in the form of potassium hydrogen tartrate 
(argol). It results on oxidizing methyltetrose, saccharic acid, and 
lactose with nitric acid. 

Ordinary tartaric acid crystallizes in large monoclinic prisms, 
which dissolve readily in water (1 part in 0*76 part at 15°) and 
alcohol, but not in ether. Its solution rotates the ray of polarized 
light to the right, but a very concentrated aqueous solution at low 
temperatures turns it to the left (Ber. 32, 1180). When it is heated 
with water to 165° it changes mainly to mctsotartaric acid ; at 175° 
the racemic acid predominates. Also, boiling with concentrated 
aqueous alkali converts d-tartaric acid partially into racemic and 
me^otartaric acids (Ber. 30, 1574). It also forms racemic acid when 
it is brought together with a concentrated solution of 2-tartaric 
acid. 

On dry distillation it yields pyrotartaric acid and pyruvic acid 
(Intermediate stages of this reaction, see J.C.S. 119, 34). 

When carefully oxidized, d-tartaric acid yields dihydroxymaleic 
acid (p. 661), dihydroxytartaric acid, and tartronic acid (p. 604) ; 
stronger oxidizing agents decompose it into carbon dioxide and formic 
acid. 

Hydriodic acid reduces it to d-malic and succinic acids. 

d-Tartaric acid is applied in dyeing or colouring, as an ingredient 
of effervescing powders, and as a medicine. Nearly all of its salts 
meet with extended uses. 

Salts. Tartrates. — The normal potassium saU^ is readily 

soluble in water ; from it acids precipitate the salt, CiHsOgK, which is not very 
soluble in water, and constitutes natural argol (Crernor tartari ) ; Rochelle salt, 
potassium sodium tartrate, + 4 H 2 O {Seignette salt), crystallizes in 

large rhombic prisms with hemihedral faces ; sodium ammonium salt, 

Na^NH^) 4 - is obtained from sodium ammonium racemate ; calcium saU, 

C 4 H 40 eCa -i- H 2 O, is precipitated from solutions of normal tartrates, by calcium 
chloride, as an insoluble, crystalline powder. It dissolves in acids and alkalis, 
and is reprecipitated from alkaline solution as a jelly on boihng — a reaction serv- 
ing to distinguish tartaric from other acids. (See also Calcium racemate.) 

Lead salt, C^'Si^O^Vh. Copper salts are not precipitated by alkali hydroxides 
in presence of tartaric acid. When cupric hydroxide is dissolved in tartaric 
acid and aqueous alkali, double salts are formed, such as cupric sodium ditartrate, 
C 4 Hj,OeCuNa 2 -f C 4 H 204 Na 4 -f- ISHgO (Ber. 32 , 2347). A solution of copper 
sulphate, rochelle salt, and sodium hydroxide is known as Fehling's solution, and 
is employed in the quantitative analysis of certain sugars (p. 685). 

Tartar Emetic . — Potassium antimonyl tartrate, COOK*CHOH*CHOH*- 

COOSbO + JH,0, or C.H.O, : SbOK + JHA or COjK[CHOH]jCOOSb<^- 

Sb‘OCO[CHOH] 2 *COOK + H 2 O (Ber. 16 , 2386), is prepared by boiling cream of 
tartar with antimony oxide and water. It crystallizes in rhombic octahedra, 
which slowly lose their water of crystallization on exposure and fall to a powder. 
It is soluble in fourteen parts of water at 10"^. Its solution possesses an unpleasant 
metallic taste, and acts as an emetic. See Ber. 29 , R. 84 : 28 , 463, for the 

corresponding arsenic compound. 

dextro-Tartonc acid esters, ROOC-CH(OH)CH(OH)*COOB (c/. Racemic 
esters), are obtained as follows : the acid is dissolved in methyl or ethyl alcohol, 
hydrochloric acid gas is passed through the solution, and the liquid is d^tilled 
under diminished pressure. PC! 5 converts them into esters of chloromalic acid 
(p. 659) and chlorofumaric acid. The esters constitute the first homologous 
series of optically active substances, of which the rotation of the plane of polar- 

VOL. I. TTTJ 
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ized light was investigated {AnsckiUz and Pictet^ Ber. 13, 1177 : of, Ber. 27, 
B. 511, 621, 725, 729 : Ber. 28, B. 148 : C. 1898, II. 17). Dimethyl ester, m.p. 
48®, b.p. 280®/760 mm. [a]®® — + 2*16. Diethyl ester, fluid, b.p. 280®/760 mm. 
[a]2® = + 7*66. Di-n^-propyl ester, fluid, b.p. 303°/760 mm. [a]^° = + 12-44. 

Ethers are formed by the action of silver oxide and alkyl iodides on the tar- 
taric esters. Thus methyl d-tartrate yields methyl d-dimethoxy$uccinate, Meg- 
OCO-CH(OMe)-CH(OMe)-COOMe, m.p. 51®, b.p. 132®/12 mm., which on hydro- 
lysis yields dimethoxysuccinic acid, m.p. 151°. The ethers are also obtained by 
the action of alkyl iodides on silver tartrate. If sodium ethoxide is used in the 
reaction between alfeyd iodides and tartaric esters there results a mixture of sym.- 
and o^.-dialkoxy succinic esters (p. 621), which can also be produced by the action 
of sodium ethoxide on si^wi.-dibromosuccinic ester (C. 1900, I. 404 : 1901, 
n. 401). 

Mono- and Di-formal Tartaric Acids : 

O— CHoO /OCH— CHO\ 

I andCH/ 1 1 >CH2 

HOfiC-CH CH-COaH \OCO COO/ 

(C. 1903, I. 136). 

DiacetyUd-tariaric anhydride, m.p. 135°, is prepared by 

treatment of tartaric acid with acetic anhydride and a little sulphuric acid. 
Pyridine acetate at 0° produces the pyridine salt of hydroxymaleic anhydride 
(p. 620). Diacetyltartaric dimethyl ester, m.p. 103°. Diacetyltartaric dianilide, 
m.p. 214° (Ann. 279, 138). Diacetyl-d-tartaric anil ; see Diacetyl racemic anil 
(p. 656). Other imides (Ber. 29, 2710). 

Tartaric hydrazide, m.p. 183° : tartaric azide, from the hydrazide and nitrous 
acid, m.p. 66° (J. pr. Chem. 95, 214). 

Nitrotartaric acid, dinitrotartaric acid, (N020)2C2H2(C02B[)2, is obtained 
from tartaric acid by the action of nitric and sulphuric acids (J.A.C.S. 43, 577). 
It dissolves readily in alcohol and ether, and is insoluble in benzene and chloro- 
form. [ap® = 13-5° in methyl alcohol. In aqueous solution the substance 

decomposes into dihydroxytartaric acid (p. 662), C02H*C(0H)2*C(0H)2C02H, 
which breaks down further into CO2 and tartronic acid. Dinitrotartaric esters : 
Dimethyl ester, m.p. 75° ; diethyl ester, m.p. 27°. 

Mononitrotartaric esters, RO2C*CH(ONOg)CH(OH)-C02R ; dimethyl ester, 
m.p. 97° ; diethyl ester, m.p. 47°. Both the series of compounds are formed 
together when tartaric esters are treated with nitric and sulphuric acids (C. 1903, 
L 627 : Ber. 36, 778). 

(3) l[<3Bz?o-Tartanc acid, m.p. 167-170®, is very similar to the 
variety, and only differs from it in rotating the ray of polar- 
ized light to the left. Their salts are very similar, and usually 
isomorphous, but those of the few-acid exhibit opposite hemihedral 
faces. 

The dimethyl ester has the same melting and boiling points as 
the dimethyl ester of d-tartaric acid (see above) ; c/. also racemic 
acid esters (p. 656). In the description of racemic acid tlie method 
by which Z-tartaric acid could be obtained from it was exhaustively 
considered (p. 656). In concentrated solution it combines with d- 
tartaric acid and yields racemic acid. 

(4) m€5oTartaric acid, imctive tartaric acid, djaiitartaric acid, is 
obtained by oxidizing parasorbic acid or erythritol with nitric acid : 
together with racemic acid by the action of silver oxide on dibromo- 
succinic acid or from maleic acid or phenol by oxidation with per- 
m^ganate (Ber. 24, 1753), It is prepared by heating cZ- tartaric 
acid with water at 165® for two days, or by the oxidation of 
maleic acid. 

It contains one molecule of water of crystallization. 
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Salts, — Calcium salt, CJififia, 4 - SHnO (Ann, 226, 198). Barium salt, 
CAOeBa + HaO (Ann. 292, 315). 

Methyl ester, m.p. Ill®, ethyl ester, m.p. 54®, b.p. 156®/14 mm. (Ber. 21, 
617). The nitrile, CN*CHOH*CHOH‘CN, m.p. 131® (decomp.) is obtained from 
hydrogen cyanide and glyoxal in alcoholic solution. Nitrile of diacetyl derivative, 
m.p. 76° (Ber. 76, R. 749). 

Chloromalic acids, oL-chhro-^-hydroxysuccinic acids, HOCO*- 
CHCl-CHOH*COOH. (I) The dl-meso form, m.p. 143°, is obtained 
from maleic acid and hypochlorous acid and gives with alkalis trans- 
fumarylglycidic acid (see below) (Ann. 348, 299 : Ber. 58, 919 : 61, 
490), and on heating with water a mixture of racemic acid and meso- 
tartaric acid. (II) The dUracemic form, m.p. 153°, is formed together 
with the (I) acid from fumaric acid and hypochlorous acid or by the 
addition of hydrochloric acid to as-ethylene oxide dicarboxylic acid 
(below). Removal of hydrochloric acid by the action of concentrated 
alkalis yields the ct5-ethylene oxide dicarboxylic acid and heating 
with water yields quantitatively we^otartaric acid (Ber. 58, 919). 
Bromomalic acid, m.p. 134°. 

The acids thus formed are optically inactive, but by the action 
of phosphorus pentachloride or tribromide on tartaric esters, Z-chloro- 
or Z-bromo- malic esters are formed, which on reduction yield malic 
esters (Ber. 28, 1291 : Ann. 348, 273 : Ber. 55, 1339). 


< CH-COOH 
I 

CHCOOH 

— The ci 5 -aci(i, m.p. 149°, is obtained from chloromalic acid (II) by means of 
alkali, and on hydrolysis with w’ater yields solely racemic acid : addition of HCl 
yields chloromalic acid (II). The trans-Sicid, dZ-form, m.p. 209°, is obtained from 
chloromalic acid (I) with alkalis. It can be resolved by means of morphine. 
cZ*Form, [aji, 4- 34*8° (Ber. 58, 928). The dl4ranS‘acid yields on heating with 
water a mixture of racemic and ?nefiotartaric acids. 

Diaminosuccinic acid, COOH*CH(NH3) CH(NH2) COOH, is obtained by 
the reduction of the diphenylhydrazone of dihydroxytartaric acid by sodium 
amalgam. (Preparation, Ber. 58, 1429.) The less soluble acid is the meso- 
form, the more soluble the racemic. (Resolution with morphine, Ber. 58, 
1429.) Diethyl ester, b.p, 160-1 65°/15 mm. Diaeetamidosuccinic acid diethyl 
ester, m.p. 180° (Ber. 38, 1589). 

Hydroxyaminosuccinic acid, hydroacyaspartic acid. COOH-CH(NH2)’- 
CH(OH)*COOH. — ^A mixture of the stereoisomerie forms of this acid is obtained 
by the action of one molecule of nitrous acid on diaminosuccinic acid, m.p. 
314-318° (C. 1905, 1. 1090 : Ann. 348, 307). Preparation of the various hydroxy- 
aspartic acids from chloromalic acid, J. Biol. Chem. 48, 273. Hydroxyaspara- 
gines, COOH-CH(NH 8 )*CH(OH)-CONH 2 and CONH 2 -CH(NH 2 )-CH(OH)-COOH, 
see Biochem. J. 24, 945. 

Dktnilinosuccinic ester, C 02 C 2 H 5 -CH(NHC 6 H 6 )CH{NHC 6 H 5 )-C 02 C 2 H 5 , m.p, 
149°, is obtained from dibromo- and isodibromo-succinic ester and alcoholic 
aniline heated to 100° (Ber. 27, 1604). 

yCH— CO 2 C 2 H 5 

Iminosuccinic monoethyl ester, NH<^ 1 , m.p. 98°, is prepared 

XCH-COgH 

from iminosuccinic monoester amide, a product of the reaction of alcoholic 
ammonia and dibromosuecinic ester (Ber. 25, 646). 

Azinsuccinic ester, is obtained from 

diazoacetio ester ; an isomeric ester is obtained from diazosuccinic ester (Ber, 
29, 763). 

yC(CH3)*C02H 

Oxycitraconic acid, 0<f | , decomposes at 162°. It is formed when 

\CHCO2H 

a-chlorocitramcUic acid, m.p. 139°, the addition product of HCIO and citraconic 
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acid, is treated with alkali hydrojdde. Hydrochloric acid changes it to p-chloro- 
citranudic acidt m.p* 162° (decomp.) (Ann. 253, 87). 

CHa COv 

HydroxypaTaconic acid, j is prepared from 

^ HOaC-C(OH)-CH/ 

itaconic acid (p. 57 i) and potassium permanganate. 

CH3*C(OH)*COaH 

Dimethylracemic acid, | + HgO, m.p. 178° (decomp.), is 

CH3-C(0H)C02H 

formed (1) from pyroracemie acid (p. 462) by reduction (Ber. 25, 397), and (2) 
from diacetyl (p. 402) by the action of HCN and hydrochloric acid (Ber. 22, 
R. 137). 


C. Glutaric Acid Derivatives 

o^^-^J)i}iyclToxygZutciiTic acid, H02C*CH(0H)CH(0H)CH2*C02H, ni.p. 158°, is 
formed from the bromine addition product of glutaconic acid, or from the latter 
by permanganate. An optically active form of this acid has been obtained by 
the breakdown of metasaccharopentose (p. 676) (Ber. 38, 3625). 

a-Amino-^-hydroxygkitaric acid, COOH-CH(NH2)*CH(OH)*CH2-COOH, is de- 
scribed on p. 614. 

ay-Dihydroxyglutaric acid, H02C*CH(0H)CH2CH(0H)C02H, m.p. 120° ; 
lactone acid, m.p. 165°, is formed from ay-dihydroxypropane-ocay-tricarboxylic 
aoid (the oxidation product of i^osaccharin, p. 676) by loss of CO2 (Ber. 18, 
2576 ; 38, 3624). 

ay’DUhydroxy^oiy-dimethylglutaric add, HOCO-CMe(OH)-CH2*OMe(OH)- 
COOH, exists in two modifications, both of which are prepared from acetyl- 
acetone and hydrocyanic acid (Ber. 24, 4006 : 25, 3221). The one, m.p. 98% 
is obtained in enantiomorphous crystals from ether ; the other readily passes 
into the lactonic acid, m.p. 90°, which, when heated, forms a dilactone, m.p. 105°, 
b.p. 235°. 

aLp-Dihydroxy-yydimethylglutaric lactonic acid (p. 624) ; ccy-dihydroxy-p^- 
dimethylglviaric acid, (CH3)aC[CH(0H)C02H]2 ; lactonic acid, m.p. 146° (C. 1901, 
n. 109) ; ccy‘dihydroxy- and py4nmethylghUaric add (Ber. 28, 2940). 


D. Derivatives of Adipic Acid and Higher Homologues 

osa'^Dihydroxyadipic add, H02C*CH(0H)CH2CH2CH(0H)C02H, exists in 
two forms which are product from the corresponding cijod d^romo^ipic adds, 
m.pp. 139° and 193°, which occur together after the bromination of a&pio acid 
chloride (C. 1908, I. 2021). The racemic form, m.p. 146% is resolved by means 

o 

of cinchonidine, and when heated yields a dUactone, CO — CH*CH2‘CH2*CH — CO, 

I) ^ 

m.p, 134° ; mem-form, m.p. 173°, is not resolvable, and when heated gives a 
lactone lactide. 

cLof -Diamwmdipic add, ( — CH2CH(NHa)002H)g, decomposes at 275°, is pre- 
pared by decomposition of ethylene bis-phthalunidomalonic ester, a product of 
reaction of ethylene bromide and sodium phthalimidomalonic ester. Similarly, 
wctf -diamwopimelic acid is formed from trimethylene bis-phthalimidomalonic 
ester (C. 1908, II. 682). 

pP'-Diaminoadiplc add, (COOH-OH2-CH(NH2) — >2, + HgO. 
j NH 

The dilaotam, CO*CH2*CH*CH*CHa*CO, in.p. 275% is formed by heating 
NH 1 

muconic acid or muconic amide (p. 577) with ammonia to 135-160° ; also by 
reduction of dicyanodimalonic ester, (ROaC)a*CHC(NH)*C(NH)CH(C02B), 
(p. 720), and subs^uent hydrolysis and abstraction of 00a 36, 172). 

asx^-Diammosfub&fio wifdiamitiosdHPCMi add, cui'diaminoazeladc add. 
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are prepared from the corresponding dicarboxylic acid by bromination and 
reaction with two molecules of NHg. When heated they break down into CO# 
and alkylene diamines (p. 382) (C. 1905, II. 462 ; 1906, II. 764). Dihydroxy- 
dimethyladipic acids are formed from acetonylacetone and hydrocyanic acid 
(Ber. 29, 819). 

Cineolic acid, CjoHjgOs, is the anhydride of a-hydroxy^sopropyl-a -methyl- 
a-hydroxyadipic acid, comparable to the alkylene oxides (see Cineol, Vol. 11). 

Dihydroxy suberic acid and dihydroxysebacic acid ; see Adipic dialdehyde and 
Suberic dialdehydes (p. 400) (C. 1905, II. 462 : 1907, II. 1236). 

(U) DIHYDROXYOLEFINECARBOXYLIC ACIDS 

Dihydroxyrmleic acid, H02C-C(OH) ; C(OH)*C02H -{> 2 H 2 O, may perhaps be 
looked on as being oxalohydroxyacetic acid, H02CC0*CH{0H)C02H (Ann. 357, 
291). It is formed when tartaric acid is oxidized with hydrogen peroxide in pres- 
ence of small quantities of ferrous salts in smilight. When warmed with HBr 
in glacial acetic acid it is converted into an isomeric body, probably dihydroxy- 
fumaric acid. When heated with water it decomposes into 2 CO 2 and glycoUic 

HOgC'C : CHN 

aldehyde ; ammonia produces pyrazinedicarboxylic acid, 1 [j 

NiCHC-COaH 

Oxidation of the sodium salt of dihydrox 5 rmaleic acid with bromine in acetic 
acid gives rise to sodium dihydroxytartrate (p. 662) ; whilst oxidation with ferric 
salts produces glyoxyl carboxylic acid (p. 600) (C. 1905, II. 456). Diacetyl- 
dihydroxyrmleic acid, m.p. 98°. See al^ dichloro- and dibrorm-rmleic acids, 
and their decomposition products (p. 569) (Ber. 38, 258). 


12. HYDROXYKETODICARBOXYLIC ACIDS 

Ethoxyoxaloacetic ester, C 2 H 5020 -COCH(OC 2 H 5 )C 02 C 2 H 5 , b.p. 155°/11 mm., is 
prepared from oxalic ester and ethyl glycollic ester. When distilled under 
ordinary pressure it gives ethoxymalonic ester (Ber. 31, 552). See also Dihy- 
droxymaleic acid (above). 

/CH-CO2C2H5 

NitrUosuccinic dimethyl ester, J , b.p. 154°/40 mm., is pro- 

CO2C2H5 

duced by the reaction of the silver salt of j5-oximidosuccinic ester (p. 621) and iodo- 
ethane and subsequent distillation (Ber. 23, B. 561 ; 24, 2289). 

Olycolylmahnic acid ; y-hydroxyacetoaxetic-a-carboxylic acid, HOCHgCOCH- 
(C 02 H) 2 > is a hypothetical acid, from which is derived tetronic-a,-carhoxylic acid. 


6CH2C0CH(C02H)C0 ; methyl ester, m.p. 172° (decomp.) ; ethyl ester, m.p. 
125°. The substances are prepared from sodium malonic ester and acetyl 
glycollic chloride or chloroacetyl chloride. The desmotropic aci-forms, 

OCH 2 C(OH) : C(C02B)C0, are strong acids like tetronic acid itself (p. 599) 
into which they pass on hydrolysis and loss of COg. Sodium cyanoacetic ester and 
chloroacetyl chloride produce chloroacetylcyanoacetic esters, C 1 CH 2 C 0 CH(CN)C 02 B ; 
methyl ester, m.p. 73° ; ethyl ester, 43°. The silver salt and iodoethane yield the 
0-ethyl ether of the aci-form, C1CH2C(0C2H5) ; C(CN)C02C2H5, m.p. 94°, which 
■with ammonia gives the amino-compound, C 1 CH 2 *C(NH 2 ) : C(CN)C 02 CH 5 , m.p. 
129°. The sodium salt of chloroacetyl cyanoacetic es ter, however, reactin g with 


ammonia forms a lactone — cyamketopyrrolidone, NHCH 2 C 0 CH{CN)C 0 , m.p. 
221° (decomp.) (Ber. 41, 239 9 ). Homologous w ith the tetronic carboxylic esters 


is carbotetrinic ester, 6CH2C0CH(CH2C02C2H5)C0, m.p. 96°, which results from 
distillation of bromoacetosuecinic ester. 

CH3C(C02H)CH2S 

a-Keto-y-valerolactone-y -carboxylic acid, | ^0, m.p. 117°, re- 

0 -CO/ 

suits from the spontaneous decomposition of pyroracemic acid (p. 462), or 
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ixioro quickly under fehe influence of iiydrochloric ncid# It reacts also in the 
tautomeric enol-form, yielding a phenylhydrazone, which, on cleavage of the 
lactone ring and loss of water, passes into phenylrnethylpyridazonecarboxylic acid, 
CHgC^CH — C-COaH 

{ }{ (Vol. III). Alcoholic hydrochloric acid converts the 


C0N(C6H5)N 

ketovalerolactone acid into y-rtieffiylhetoglutiacouic ester, CBC3C(C0202H5) i- 
CH-C0C02C2H5, b.p, 183°/28 mm., whilst hot strong hydrochloric acid produces 
pyrotartaric acid (p. 548) (Ann. 317 , 1 : 319 , 121 : C. 1902, 11. 508: 1904, 
II. 193). 

C2H5C(C02H)-CHCH3 

a-Keto-B-methyl-y-caprolactone-y-carboxylic acid, ) | , m.p. 

o — no — no • 


128®, is produced from a-methyloxaloacetic ester (p. 621) by 70-80% sulphuric 
acid (Ber. 35, 1626). 


13. DIKETONEDICARBOXYLIC ACIDS 

Diiiydroxytartaricacid,HOCO-C{OH)2*C(OH)2 COOH, m.p. 98® (decomp.), 
is obtained (1) when protocatechuic acid, pyrocatechin, or guaiacol (Vol. II), in 
ethereal solution, is acted on with nitrous acid ; (2) by oxidation of dihydroxy- 
maleio acid ; and (3) by spontaneous decomposition of nitrotartaric acid (see 
Ann. 302, 291, footnote : J.A.C.S. 43, 577). 

It was formerly regarded as carboxytartronic acid, C(OH)(C02H)3. Its 
formation from the benzene derivatives was cited as proof for the assumption that 
in benzene one carbon atom is combined with three other carbon atoms. How- 
ever, Kekule removed the basis from this assumption when he showed that the 
body supposed to be carboxytartronic acid could also be made from nitrotartaric 
acid by the action of an alcoholic solution of nitrous acid, and then by reduction 
be converted into racemic and mesotartaric acids. He therefore named it dihy- 
droxytartaric acid, for it sustains the same relation to tartaric acid that glyoxylio 
acid bears to glycollic acid, and mesoxalic acid to tartronic acid (Ann. 221 , 230). 
On reduction by suitable methods, dihydroxytartaric acid yields dihydroxy- 
maleie acid (p. 661 : C. 1898, I. 31). 

By the action of alkalis according to the concentration, dihydroxytartaric 
acid either undergoes a simple decomposition into oxalic and glyoxyiic acids 
(Equation I) or yields tartronic acid by loss of carbon dioxide from the product 
of a benzUic acid transformation (5r.A.C.S. 43, 2091) (Equation II : see also 
Vol. II). 

I. COOH-CO-CO-COOH (COOH)2 + O : CH-COOH (C. 1922, 1. 1068). 

II. COOH-CO-CO-COOH > CCOOH-C{OH)(COOH)3] COOH-CHOH- 

COOH + COj. 

Glyoxal (p. 398) is obtained by the action of sodium bisulphite on the sodium 
salt of dihydroxytartaric acid. 

The sodium^ C4H408Naa + 2HaO, is a very sparingly soluble crystalline 
powder, which is used for the isolation of the acid, and ahS for the quantitative 
estimation of sodium (C. 1898, 1. 688). Other salts, see C. 1898, II. 276 : 1905, 
II. 397. 

Esters. — ^Thc esters of the acid, COOH*C(OH)a*C(OH)3'COOH, are not known. 
The ester, C2H50GO-C(OH)2-CO-COOC2H5, m.p. 11^118®, colourless crystals, is 
obtained by the addition of water to ethyl diketosiiccinate, C2H5OCO ’00*00 •- 
COOCgHs* b.p. 233®, b.p. 116®/13 mm., Dgo 1-1896, and reverts to the latter when 
d^ilW under dimini^ed pressure. The diketo ester, which is a thick liquid 
with a yellow colour (c/. a-diketones, p. 401), is obtained by the action of hydro- 
chloric acid on sodium dihydroxytartrate suspended in alcohol. When boiled 
under a reflux condenser, CO is lost and mesoxalic ester (p. 617) and oxalic 
ester are formed. 

Oixifms.^Dioximimsmcmic add, H02C’C{N0H)C(N0H)*C02H, and its 
e^rs have been obtained in different stereomeric forms (0. 1908, I. 1042, etc.). 

diaxime anhydride, furazandicarbossylic acid (1) is prepared by oxidation of 
dimethyl furazan (c/. p. 408) ; the furoocan derivative (2) from wonitrosoacetic 
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It is an 


ester (p. 460) or wonitrosoacetoacetic ester (p. 602) and nitric acid, 
easily decomposable oil (Ber. 28, 1213). 


< N=C— CO^H 

I 

N-C— COsH 


( 2 ) 


< 


-N-C— CO.R 


COaR 

!i 

0 


Hydrazones. — Hydrazopyrazolonecarhoxylic acid (1) and pyrazolonopyrazolovr. 
(2) may be taken as being the lactazam and dilactazam [cf. p. 461) of the mono- 
and dihydrazone of diketosuccinic acid (see Vol. II). 


/N=C*COv 

(2) NH< I >NH 

\co-c=n/ 

Diketosuccinic ester momphenylkydrazone, CeHsNH-N : C(C02C2H5)*C0*C0a- 
C2H5, m.p. 73°, is formed from oxaloacetic ester (p. 620) and diazobenzene. It is 
converted into a stereomeric hydrazoncy m.p. 127°, by sodium alcoholate (C. 1904, 

l. 580). The osazone of diketosuccinic acid readily passes into the lactazam^ phenyl- 

hydrazophenylpyrazolonecarboxylic acid, CeHgN-N : C(C02H)C(NNHC6H5)*C0, 
the basis of the dye tartrazine. Diketosuccinic diethyl ester osazone [CoHsNHN : 
C(C02C2H5)]2 is known in three modifications, a-, m.p. 121° ; jS-, m.p. 137° ; 
y-, m.p. 175°. The a-form gradually passes spontaneously into the j8-substance, 
a change which is accelerated by iodine or sulphur dioxide. All three forms are 
readily converted into pyrazolone compounds. 

Oxalodiacetic acid, hetipic acid, HO aCCH 2*0000 *011300211, is precipitated 
from the ester by concentrated hydrochloric acid, as a white insoluble powder. 
Heat decomposes it into 2OO2 and diaeetyl. The ester, 02H50aCCH2*COCO*OH2- 
OO2O2H5, m.p. 77°, is prepared, similarly to oxaloacetic ester (p. 620) from a 
mixture of oxalic ester and two molecules of acetic ester by the action of 
sodium (Ber. 20, 591) ; also, from oxalic ester and chloroacetic ester and zinc 
(Ber. 20, 202). An alcoholic solution of the ester is given an intense red colora- 
tion by ferric chloride. Chlorine and bromine produce tetrachloro- and tetrahromo- 
derivatives. Tetrachlorodiketoadipic ester is also obtained by the action of 
chlorine on dihydroxyquinone dicarboxylic ester (Ber. 20, 3183). The osazone 
of oxalodiacetic ester can be converted into di-l-phenyl-Z iZ-his-pyrazolone 
(Vol. II) (Ber. 28, 68). 

a-Oxaloacetoacetic ester, HO2CCO-CH(C0CH3)CO2H, is not known, but the 
derivative, a-cyaniminoacetoacetic ester, NCC(NH)CH(C0CH3)C02C2H5, m.p. 122°, 
has been prepared from cyanogen and aeetoacetic ester by the action of sodium 
ethoxide {cf. p. 473). Acids or secondary amines convert it into two isomeric 
forms, m.pp. 178° and 211°, of the various possible desmotropio modifications 
of the enol type, and with absorption of water into a-acetyl-^-imimsuccinamic 
ester, and finally into a-acetyl-p-iminosuccinimide (Ann. 332, 104). 

y-Oxalo-cL-dimethylacetoacetic ester, C2H50aC*C0*CH2C0C(CH8)2C02C2H5, is 
obtained by condensing oxalic ester and oc-dimethylacetoacetic ester. When dis- 
tilled imder ordinary pressure there is a partial loss of CO. The acid, m.p. 180° 
with decomposition into COg and (CH3)2CHC0*CH2C0C02H. Oxalddiethylaceto- 
acetic ester, C2H502G*C0*CH2C(C2H5)2C02C2H5, b.p. 275-285° with decomposition 
into CO and a-diethylacetonedicarboxylic ester (p. 624). These esters are in 
general similar to oxaloacetic ester (Ber. 33, 3432). 

B-Oxalolcevulmic acid, ccy-diketopimelic acid, lS.0fi’C0‘C3ifi0CJiz^^2^0z^, 

m. p. 100-125°, is obtained from its ethyl ester, m.p. 19°, the condensation product 
of oxalic ester and Isevulinic ester by warming the tv?o esters with sulphuric acid. 
When heated the acid breaks down into CO2, CO, and Ijevulinic acid. Reduction 
produces pimelic acid (Ber. 31, 622). 

cce-Diketopimelic acid, CH2(CH2C0C02H)2, m.p, 127°, is obtained from methy- 
lene bis-oxaloacetic ester by hydrolysis and loss of COg. When treated with dehy- 
drating agents there is formed pyrandicarboxylic acid, 

decomposes at 250° (Vol. Ill) (C. 1904, 11. 602). 

sym.-Diacetyl- or ZHacetoamcinic add, ; ethyl ester is formed by elec- 


(1) NH< 




\CO— C=N*NH« 
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trolysis or the action of iodine on sodium acetoacetic ester (Ann. 201, 144 : 
Ber. 28, R. 452) : 

CHaCO-CHNa-COsR CH3COCHCO2B 

+ 13= I +2 Nal. 

CHaCO-CHNa-COaR CHsCOCH-COaR 

Theory demands the existence of 13 isomeric forms of this body — ^two optically 
active, and two optically inactive keto -forms, three cis-trans isomers of the 
double enol-fonn, and four optically active and two racemic mixed keto-enol- 
forms. Of the seven optically inactive modifications, five are known : j8- and y- 
jfceto-forms, m.pp. 90® and 30® : dienol form, a-ester, m.p. 45° ; ketoemd forms, 
«ip-ester, liquid, agjS-ester, m.p. 20° (Ber. 55 , 232). Equilibrium between the 
various forms is reached via the aijS-form (Ber. 55, 2257), When heated or acted 
on by acids, diaeetosuccinic ester is converted into carbopyrotritaric ester (a 
derivative of furan) ; ammonia and the amines produce p3nrrole derivatives — 
a reaction which serves to identify the substance (Ber. 19, 46). Phenylhydrazine 
reacts as it does with acetoacetic ester, forming a bis-pyrazolone derivative 
(Ann. 238, 168). 

When boiled with potash solution the ester undergoes the ketonic change 
into CO2 and acetonylacetone (p. 405). 

as.‘Diacetomccimc ester, b.p. 275°, is 

formed from sodium acetosuceinic ester and acetyl chloride (J. pr. Chem. [2] 65, 
532). 

OLp-Diacetoglutaric acid, HO-CO*CH(COCH3)-CB[(COCH)s-CH2*COOH. Its df- 
ethyl ester is obtained from sodium acetoacetic ester and jS-bromolsevulinic 
ester (p. 479). Being a y-diketone compound, it unites with ammonia and forms 
a pyrrole derivative (Ber. 19, 47). 

ay’Diacetogluiaric ester, EtO ■ CO • CH(COCHs) • CHg • CH(COCH3)COOEt, is 
formed from formaldehyde and acetoacetic ester in the presence of small quan- 
tities of a primary or secondary amine {Knoevenagel, Ann, 288, 321 ; Ber. 
31, 1388). It passes readily into a tetrahydrobenzene derivative. The jS-alkyl- 
ay-diacetoglutaric esters prepared from the homologous aldehydes behave in 
a similar manner. 

aB’Diacetoadipic acid, ( — CH3CH(C0CH3)*C02H)2. Ethylene bromide acting 
on two molecules of sodium acetoacetic ester, forms its diethyl ester. Phenyl- 
hydrazine converts it into a bis-pyrazolone derivative (Ber. 19, 2045). 

Diacetodimethylpimelic acid (Ber. 24, R. 729). 

DUcevulinic acid, [4 ; 7-Decane dione diacid,] ( — CH2C0CH2CH2C02H)2, 
results when alcoholic hydrochloric acid acts on 8-furfural laevulinic acid (Ann. 
294, 167). 

Iodine converts disodium diaeetosuccinic ester into diacetofumaric ester, 
EtO»CO'C(COCHs) : C(C0CH3)-C02Et, m.p. 96° (Ber. 30, 1991). 

Me&ienylbis-acetoacetic ester, seeethoxy- 

methyleneacetoacetie ester (p. 601). 


14. HYDROXYTRICARBOXYLIC ACIDS 

Citric acid, hydroxytricarballylic acid {Acidum citricum), COgH- 
CH2-C(0H){C02H)*CH2C02H + HgO, m.p. (anhydrous) 153®, occurs 
free in lemons, in currants, in cranberries, in beets, and in other acid 
fruits. It is obtained on a commercial scale from lemon juice, and by 
the action of certain ferments, such as Citromycetes pfefferianvs and 
ghber (Ber. 26, R. 696 : 27, R. 78, 448). 

The acid can be prepared synthetically from si/m.-dichloroacetone ; 
this is accomplished by first acting on the latter compound with 
hydrc^yanic acid and hydrochloric acid, whereby dichlorohydroxyt^o- 
butyric acid is formed, which is then treated with potassium cyanide 
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producing a dicyanide, which is hydrolysed with hydrochloric 
acid : 


CH^Cl OH^Cl 

I I 

CO C(OH)CN 

1 1 

CHjCl CHaCl 


C(0H)C02H 

CH-Cl 


CHgCN 

I 

- C(OH)COoH • 
1 

CHaON 


CHoCO^H 

I 

C(OH)CO*H 

! 

CHaCOaH 


Further, citric acid is formed from acetonedicarboxylic esters, 
CO(CH2‘C02R)2 (P* 623), by the action of HNC and hydrochloric 
acid : st/m.-citric dimethyl ester amide and -citric dimethyl ester 
(p. 666) are obtained as intermediate substances : 


CHa-COaCHg CHaCOaCHg CH^CO^'S. 

ill i I 

CO C(OH)CN > C(OH)CONHa -> C(OH)*CO.H C(0H)C02H 


CHa-COaCHs CHaCOaCHa CHgCOaCHa CHa-COaCHa CHgCOaH 


Ethyl citrate is also obtained in small yield by the action of zinc 
on bromoacetic ester and oxaloacetic ester (C. 1897, I. 802). 

Properties . — Citric acid crystallizes in large rhombic prisms, which 
dissolve in 4 parts of water at 20°, the aiSiydrous acid crystallizes 
mostly anhydrous from its solutions {Ber. 36, 3599). It readily dis- 
solves in alcohol and with difficulty in ether. The aqueous solution 
is not precipitated by milk of lime when cold, but on boiling the 
tertiary calcium salt separates, which is insoluble, even in potassium 
hydroxide solution (see Tartaric acid). 

When heated to 175° citric acid decomposes into aconitic acid 
(p. 648). Rapidly heated to a higher temperature aconitic acid breaks 
down into water and its anhydride acid, which changes to CO a and 
itaconic anhydride, and the latter m part to citraconic anhydride (Ber. 
13, 1541). Another portion of the citric acid loses water and CO 2 , 
becoming converted thereby into acetone dicarboxylic acid, which 
immediately splits into 2 CO 2 and acetone : 


CHCO 2 H 



1 

CH 2 CO 2 H 

Acetonedicarboxylic 

acid. 


CHCO 2 H 
11 

->ccc 

! 

CHoCO/ 


HoCO/ 


CHa 


->CO 

I 

CH* 


CH 2 


CCO — \ 

I >0 

CH 2 CO/ 

Itaconic 

anhydride. 

CH 3 


CCO~~v 

II >0 

caa-co/ 

Gitiaconic 

anhydride. 


It breaks up into acetic and oxalic acids when fused with potassium 
hydroxide, and by oxidation with nitric acid. Acetonedicarboxylic 
acid (p. 623) is produced when citric acid is digested with concentrated 
sulphuric acid, and when oxidized with permanganate (C. 1900, I. 
328). 

Salts. — Being a tribasic acid it forms three series of salts, and also two 
different mono- and two different di-aikali salts (Ber. 26, E. 687). 
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The calciu7n salt, (CeH507)2Ca3 4- 4H2O, is precipitated on boiling. 

Esters . — Trimethyl eatery m.p. 79®, b.p. 176® /16 mm. ; dimethyl ester, CH2- 
{C02 CHs)C( 0H){C02H)CH2C02CH3, m.p. 126°, is formed by partial esterification 
of the acid. It crystallizes with 1 molecule of water and is difficultly soluble in 
cold water (Ber. 35, 2085). 

Acetocitric trimethyl ester, b.p. 171°/15 mm., is decomposed by distillation at 
ordinary pressures into acetic acid and aconitic ester (Ber. 18, 1964). sym.- 
Acetocitric dimethyl ester, m.p. 75® ; amide, m.p. 109° (Ber. 38, 3194). Acetocitric 
anhydride, m.p. 121° (Ber. 22, 984), decomposes on distillation at ordinary pres- 
sures into CO2, acetic acid, and citraconic anhydride. Methylene citric acid, 
y0-C(CH2C02H)2 

CH2<f I , m.p. 208°, is prepared from citric acid, formaldehyde, 

\0*C0 

and hydrochloric acid ; or from formaldehyde derivatives (C. 1902, 1. 299, 738 : 
1908, I. 1589). 

Methyl ether : methoxytricarballylic acid, (CH30)C(C02H)(CH2C02H)2, m.p. 
131° ; trimethyl ester, b.p. 165°/12 mm., is prepared from citric trimethyl ester, 
iodomethane, and silver oxide (Ann. 327, 228). 

Gitramide, C8H4(OH)(CONH2)3, when heated with hydrochloric or sulphuric 
acid, is condensed to citrazinic add {sym.’aconitimide acid, dihydroxypyridine 
carboxylic acid (p. 648) (Ber. 17, 2687 ; 23, 831 : 27, R. 83). aym.-Citric di- 
methyl ester amide, mi20C-C(0H)(CH2*C02Me)2, m.p. 107°, is prepared from the 
nitrile, acetonedicarboxylic ester cyanohydrin, m.p. 53°, and reacts in concentrated 
sulphuric acid ydth sodium nitrite to form 52/m.-citTic dimethyl ester (above). 
Benzoylcitrimide ethyl ester, m.p. 115°, is prepared from citric diethyl ester amide, 
m.p. 74°, and benzoyl chloride. It is decomposed in the cold by aqueous sodium 
hydroxide into benzoic acid and aa.-aconitimido-acid (p. 648) which is isomeric 
with citrazinic acid (see above) (Ber. 38, 3193) : 

CjHBOaC'CHiCCOCOCeHsjCOv HOaC-CH =C— CO 

I >NH— > I 

CHj CO/ CH 2 CO 


NNH+HOaC-CeHg 


woCitric acid, GO2H-CH(OH)-CH(CO2H)*0H2C0aH (see Trichloromethyl 
paraconic acid, p. 612), readily passes into a y -lactone dicarboxylic acid ; ester, 
b.p. 149°/14 mm., is formed by reduction of oxalosuccinic ester (Ann, 285, 7). 

a-Methylwocitric acid, C02H-C(CH3)(0H)'CH(C02H)-CH2C02H, is formed 
from acetosuccinic ester, hydrocyanic, and hydrochloric acids. When separated 
from its salts it immediately changes into Py-dicarboxy-y-valerolactone, which is 
also formed by oxidation of isopropylsuccinic acid, and from terebic acid by the 
oxidizing action of nitric acid. When heated it decomposes into H2O, CO2, 
and pyrocinchonic anhydride (Ber. 32, 3861). 

(CH8)2C CH-COaCgHs 

y~Di7nethylbutyrolactom-oi8’dicarboxylic ester, 1 J , m.p. 

OCOCHCOaCaHfi 

46°, b.p. 174°/12 mm,, is prepared from j8-methylglycidic ester (p. 595) and sodium 
malonic ester. When boiled with hydrocHorio acid, it yields terebic acid (p. 612) 
(C. 1906, II. 421). 

wx-Dimethyl-y-hydroxytrkarbQUylic lactone acid (Ber. 30, 1960), is formed from 
aa-dimethyl tricarballylic acid (see decomposition products of pinene (Vol, II). 

Ginchonic acid, B-Valerolactone-py-dicarboxylic acid, m.p. 168° (Ann. 234, 
85 : Ber, 25, R. 904), is produced when sodium amalgam acts on cinchomeronic 
acid or 3 : 4-pyridmedicarboxylic acid. When heated to 168° it breaks down 
into C08 and pyrocinchonic anhydride (p. 574) ; 


N CH=C-C02H 

II I 

CH-^=C-C02H 
Cindbomeronic acid. 


O CH3— CH-COaH 


CO— CHa—CH-COaH 
Clnchonic acid. 



CHa-C-COv 
I) >0 

CHa-CCO/ 

Pyrocinchonic 

anhydride. 


15. KETONETRICARBOXYLIC ACIDS 

Carbethoxyoaxiloac^ic ester, oxahyncdonic ester, 
b.p. 220°/l0 mm., is obtained from sodium malonic ester and ethyl oxalyl 
chloride {0. 1898, I, 440). Nitrogen derivatives of carboxy-oxaloacetio acid 
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include dicyaminahnic ester, p-cyano^p-imino-isosuccinic ester, NC-C(N’H)CH- 
(COaCaHg)^, m.p. 93®, which is prepared from cyanogen and malonic ester by 
means of sodium methoxide (p, 543). It can be hydrolysed to dicyanomalonic 
'imno-ester, m.p. 238®, and imido-oxahrmlomc mono-ester, m.p. 134° (decomp.), 
is reduced by sodium amalgam to OL'CLsparaginecarboxylic acid, NH2COCH{NH2)- 
CH(C02H)2, m.p. 120° (decomp.) (Ann. 332, 118). (x.-Oyanooxaloacetic ester, 
C2H502C-C0CH(CN)C02C2H5, m.p. 96% is formed from oxalic mono-ester 
chloride and sodium cyanoacetic ester. It is a strong acid (C. 1905, I. 1312). 

Acetonetricarboxylic ester, C2H502C*CH2C0CH(CO2C2H5)2, is formed from 
malonic ester and sodium (p. 543). Oyanoacetonedicarboxylic ester, CgHgOgC*- 
CH2C0CH(CN)C02C2H5, m.p. 44°, is prepared from sodium acetonedicarboxylic 
ester and cyanogen chloride. Double decomposition of its salts with alkyl 
iodides produces 0-alkyl ethers of the unsaturated enol form (C. 1901, I. 883). 
ay-Dicyamacetoacetic ester, li^C-C13.fi0*CR{CN)C0iC2'Bis, m.p. 88% is prepared 
from chloroacetylcyanoacetic ester (p. 661) and potassium cyanide (Ber. 41, 
2403). 

Oxalosuccinic ester, Et0*C0-C0*CH(C02Et)*CH2(C02Et), b.p. 155°/17 mm., 
is obtained from oxalic and succinic esters and sodium ethoxide. Heat at 
ordinary pressure decomposes it into CO and ethenyl tricarboxylic ester (p. 646) 
(Ber. 27, 797). Since it is a j8-ketonic acid its alcoholic solution becomes coloured 
red with ferric chloride and forms a pyrazolone derivative with phenylhydrazine 
(Ber. 27, 797 : Ann. 285, 1). The sodium salt of the ester reacts with alkyl 
iodides, producing the 0-ester of the enol modification. Hydrochloric acid 
decomposes the ester into CO2 and a-ketoglutaric acid, H02C*CH2CH2C0*C02H 
(c/. p. 623) (C. 1908, II. 768). 

OL-Acetotricarhallylic ester, CH3C0-CH(C02C2H6)CH{C02C2H5)CH2(C02C2H5), 
b.p. 175°/9 mm., is formed from chlorosuccinic ester or fumaric ester and so^um 
acetoacetic ester (Ber. 23, 3756 : C. 1899, I. 180). 

P-Acetotricarballylic ester, C2^fiiCCR2C{COCB.z){C0202Ti5)C'B2C020J3i^f b.p. 
190°/16 mm,, is prepared from sodium acetosuccinic ester and chloroacetic ester ; 
also it results as a subsidiary product during the formation of acetosuccinic ester 
(Ann. 295, 94). (See also a-Acetoglutaric acid, p. 624.) 

Olefine Ketotricarboxylic Acids 

cn-Acetoaconitic ester, Et0*C0*CH(C0CH3)*C(C02Et) ; CHDOjEt, is formed by 
the reaction of chlorofumario ester, chloromaleic ester or acetylenedicarboxylic 
ester with sodium acetoacetic ester (C. 1900, II. 92). 


16. TETRACARBOXYLIC ACIDS 

A. PARAFFINTETRACARBOXYLIC ACIDS 

I. All COOH-groups attached to same Carbon Atom 

Methayieietracarboxylic acid, C(COOH)4, is known in the form of its esters, 
which are obtained from the sodium derivatives of the corresponding methane- 
tricarboxylic esters and chlordformic ester (Ann. 397, 361). Methyl ester, m.p. 
74°, b.p. 163°/12 mm. : ethyl ester, m.p. 13*5°, b.p. 173°/12 mm. By hydrolysis 
with sodium alcoholate, one carboxyl group is split ofi and sodiomethanetricar- 
boxylic esters reproduced : acid hydrolysis produces malonic acid, and the 
action* of ammonia yields malonamide and urethane. 

II. COOH-groups attached to different Carbon Atoms 

Formation. — (1) By the action of iodine on sodium malonic esters. (2a) 
From the sodium derivatives of malonic esters and alkylene dihalogenides or 
halogen malonic esters. (26) From sodium tricarboxylic esters and halogen 
acetic esters. (3) By the addition of sodium malonic esters to the esters of 
unsaturated dicarboxylic acids, etc. Usually they are only known in the form 
of their esters. 

sym.-Etharietetramrhoxylic acid, dimdlonic acid, — ^CH(GOOH)2, 
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ra,p. 168®, heated to higher temperatures yields succinic acid. It is obtained from 
its ester by means of sodium hydroxide (Ber. 25, 1158). The ethyl ester, m.p. 
76®, b.p. 305® (decomp.), is produced by electrolysis (Ber. 28, R. 450), or by the 
action of chloromalonic ester or of iodine on sodium malonic ester ; and by 
heating dioxalosuccinic ester (p. 720) : potassium hydroxide hydrolyses it to ethane- 
tricarboxylic acid with the elimination of CO 2 (p. 646). See Ber. 28, 1722, for 
the dihydrazide. 

Sodium ethoxide converts ethanetetracarboxylic ester into a disodium 
derivative, which yields tetrahydronaphthalenetetracarboxylic ester (Ber. 17, 
449) with o-xylylene bromide, C 6 H 4 (CH 2 Br)a. 

Ethylethanetetracarboocylic ester, Ber. 17, 2785. 

IHmethylethanetetracarboxylic ester, Ber. 18, 1202 : 28, R. 451. 

Diethylethanetetracarboxylic ester, Ber. 21, 2085 : 28, R. 452. 

Alkylenedimalonic Acids.— Methylene-, ethylene,- and trimethylene-dima- 
lonic acids are included in this class. Their ethyl esters are produced when 
methylene iodide, ethylene bromide, and trimethyiene bromide act on sodium 
malonic esters ; also, by the action of aliphatic aldehydes on malonic ester in 
the presence of diethylamine, piperidine, and similar bases. In the latter case, 
the corresponding aldehyde amines are formed as intermediate compounds, 
such as methanol piperidine, CH 2 (OH)(NC 5 Hio)» or methylene bis-piperidine, 
CH 2 (KCjHi<,) 2 , which react with malonic ester to form alkylidenedimalonic 
esters, 

Methylenedirmlonic ester, dicarboxyglutaric ester, propane-tiuxyydetracarboxylic 
ester, CH2[0H(C02C2H5)2]2» b‘p- 205®/18 mm. ; dimethyl ester, m.p. 48°, is formed 
(1) from formaldehyde or methylene iodide (^r. 22, 3294 : 27, 2345 ; 31, 738, 
2585), and malonic ester ; also (2) by reduction of )3-propylenetetracarboxylic 
ester (Ber. 23, R. 240). Ammonia produces the tetramide, CH 2 [CH(CONH 2 ) 2 ] 2 » 
m.p. 249®, which, when heated above its melting point, passes into the diimide, 
CHa[CH(C02)NH]2 (J. pr. Chem.'[2] 66, 1). Sodium alcoholate and iodo-alkyls 
produce methylenedialkylmalonic esters, from which aa'-dialkylglutaric acids 
can be obtained by decomposition. 

Ethylidenedimahnic ester, CH3*CH*[CH(C02C2H5)2]2, is produced by the 
union of ethylidenemalonic ester (p. 564) and sodium malonic ester. 

Ethylenedimalonic ester, buiane-aa^B-tetracarboxylic ester, (C02C2H5)2CH — 
CH 2 *CH 2 *CH{C 02 CaH 5 ) 2 , is formed together with c^/cfopropanedicarboxylic 
ester (Vol. II) when ethylene bromide acts on sodium malonic ester (Ber. 19, 
2038). 

Alhyttmianetetracarboxylic esters, Ber. 28, R. 300, 464. 

TriTneihylenedimalonic ester, pentane-ouxee-tetracarboxylic ester, (C02CaH5)2- 
CH*CH 2 *CH 2 *CH 2 ’CH(C 02 C 2 H 5 ) 2 , is formed, together with cyclobntaxie dicar- 
boxy lie ester in the action of trimethylene bromide on two molecules of 

sodium malonic ester. 

It is noteworthy that the disodium derivatives of the alkylenedimalonic esters 
are converted by the action of bromine or iodine, or of CHgla and CHaBr'CHaBr, 
into c 2 /cZoparafiintetracarboxylic esters. The alkylenedimalonic acids split off 
two COa-groups and yield alkylenediacetic acids ; so, too, the ci/cZoparafhn 
tetracarboxylic acids, obtained from the alkylenedimalonic acidsi yield cyclo^ 
paraffmdicarboxylic acids : 


/CH(CO,0^s), 

\CH(C02C2H3)2 
Methylcncdimalonic acid. 


CH2CH(C02C2H5)2 

CH2CH(C0*C2H3)2 

Btbylenedimalonic acid. 

Trimetkylenedimalonio acid. 


/CCCOAHs), 

->• CH,^ I 

\C(COAH5)a 
cy(5toPropanetetracar- 
boxylic acid. 

CH2C(C02C2H5)2 


CH2C(C02C2H,)2 

eydbButanetetracar- 
boxylic acid. 

yCH2C{C02C2H5)2 

■ CH2< I > 

\CH2C(C02C2H5)2 
cyctoPentaaetettacar- 
bo3^Uc acid. 


/CHCO2H 

— ch/ I 

XCHCOjH 
cyoZoPropanedicar- 
boxylic acid, 

CH 2 CHCO 2 H 

— > I i 

CHjCHCOjH 

cyfiZoButanedicar- 
boxylic acid. 

/CH2— CHCO2H 

CH2< I 

XCHg— CHCO2H 
cycZoPentanedicarboxyiic 
acid. 
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Propane-OLfipy-tetracarboocylic acid, {H0aC)2C(CHaC02H)2, m.p. 151® with 
decomposition into COj and tricarballylic acid (p. 647) ; ethyl ester, b.p. 295® /200 
mm., is prepared from sodium ethanetriearboxylic ester and chloroacetic acid. 

Tetracarboxylic acids are formed by the addition of sodium malonic and 
sodium alkylmalonic esters to the olefinedicarboxylic esters. These acids lose 
COg and become tricarballylic acids (p. 647) (J. pr. Chem. [2] 35, 349 : Ber. 24, 
311 ; 24, 2889 : 26, 364). If citraconic ester be added to sodium malonic ester 
and sodium alkylmalonic ester, a further partial condensation takes place of the 
first-formed tetracarboxylic ester to cwcfebutanonetricarboxylic ester (Vol. II) 
(Ber. 33, 3742) : 

COjR CH2CO2R CO— CHCO2R 

I I > 1 I 

ROaC-CH C(CHs)C02R ROoC-CH— C(CH 3)COaR. 


Propane-aapy-tetracarhoxyUc ester, {C02C2'Bi^)fiTi‘CB{COfi2^syCB:200202'B.^f 
b.p. 203®, is obtained (1) from fumaric ester and sodium malonic ester {cf. ethyli- 
denedimalonic ester) ; (2) from monochlorosuccinie ester and sodium malonic 
ester (Ber. 23, 3756 : 24, 696). Tricarballylic acid is produced when the ester 
is hydrolysed with alcoholic potassium hydroxide. 

PerUane-OL^yy -tetracarboxylic ester is formed from sodium ethyl malonic ester 
and fumaric ester. It yields a sodium salt, (C 2 H 502 C) 2 C(C 2 H 5 )*CH(C 02 C 2 H 5 )*- 
CHN’a(C 02 C 2 H 5 ), which, with iodomethane, gives hexarie ^yh^-tetrcbcarhoseylic 
ester (c/. p. 646) (Ber. 33, 3743). 

OLOc-Dimethyl-p-cyanotricarballylic ester, b.p. 234°/25 mm., is prepared from 
sodium cyanosuccinic ester (p. 646) and bromowobutyric ester (C. 1899, 1. 826). 
Boiling dilute hydrochloric acid hydrolyses it to aa-dimethyltricarballyiic acid 
(p, 647). 

Butane-a^yh-tetracarhoxylic acid, CH2{C02H)CH(C02H)CH(C02H)CH2(C02H), 
m.p. 244®, is prepared from a-malonie tricarballylic acid. Its dianhydrtde, m.p. 
173® (Ber. 26, 364 : 28, 882). 

Pentane-ccpSe-tetracarboxylic acid, methylenedisuccinic acid, CH2[CH(C02H)- 
CH2(C02H)]2, m,p. 216® (decomp.) (C. 1902, 11. 733). 

Heptane-a^iri-tetracarhoxylic acid, trimethylenedisuccinic acid. 


HOaCCHav 

HO 2 C / \CO 2 H 


m.p. 159®, is produced when hydrochloric acid effects the hydrolysis of trimethy- 
lene dicyanosuccinic ester, the reaction product of trimethylene bromide and 
sodium cyanosuccinic ester (C. 1899, I. 326). 


B. OLEFINETETRACARBOXYLIC ACIDS 

Ethylenetetracarboxylic ester, {0^fifi)20—C{C0202l3Ls)23 ni.p. 58®, b.p. 
325®, is formed from disodium malonic ester and iodine ; from chloromalonie 
ester and sodium ethoxide (Ber. 29, 1290) ; and from bromomalonic ester and 
KgCOa or tertiary bases (Ber. 32, 860 : 34, 2077). 

Dicarhoxyglutaconic acid, propylene-OLOLyy-tetracarboxylic ester, methenylhis- 
mahnic ester, (C 2 H 5 O 2 C) 20 H*CH=C(CO 2 C 2 H 5 ) 2 , is formed from sodium malonic 
ester and chloroform or carbon tetrachloride (Ber. 35, 2881). It is an oil, which 
is converted by the action of piperidine in benzene solution into two dimolecular 
modifications, m.pp. 103® and 88° ; these are transformed into the sodium salt 
of the ordinary ester by sodium alcohoiate. The ester melting at 103® is hydro- 
lysed by hydrochloric acid into the bimeric glutaconic acid, m.p. 207®, whilst the 
orchnary ester, similarly treated, yields the simple glutaconic acid, m.p. 139® 
(Ber. 34, 675). Reduction with sodium amalgam produces the fluid dicarboxyl 
glutaric ester (p. 668), When heated it passes into the h-lactone, m.p. 94®, by loss 
of alcohol (Ber. 22, 1419 : 26, R. 9 : Ann. 297, 86>. 


CgHsOaC-CHCOaCiHs CgHBOjOO^OOCaHs 

I - C,H,OH I I 

CH > CHO 


CgHsOgC-C-COgCjHg 


CgHjOgC-C— CO 
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Aqueous alkali hydroxide decomposes it into formic acid and malonio acid, 
together with glutaconio acid (p. 575) (Ber. 27, 3061 : 0. 1897, I. 29, 229) (c/. 
also iseaconitic acid (p. 648). Ammonia, hydrazine, and hydroxylamine causes 
the splitting-off of maionic ester from the dicarboxyglutaconie ester molecule and 
the formation of cyclic derivatives of hydroxymethylenemalonic ester (p. 615). 
Aniline combines with it at 0° in ethereal solution to form p-anilinodicarhoxy- 
gluiaric ester, m.p. 46®, which, by further action of aniline, undergoes the decom- 
position described above (Ber. 30, 1757, 2022). When sodium dicarboxygluta- 
conic ester is heated with alcohol to 150®, trimesic acid (Vol. II) is formed, a 
reaction which probably also depends on primary formation into hydroxy- 
methylenemalomc acid (C. 1901, II. 822). 

OLy-Di<^anoglutaconic ester, EtO‘CO‘CH(CN)*CH : C(CN)COOEt, m.p, 178®, 
and ay-dicymwglutxiconic amide are formed from chloroform or carbon tetra- 
chloride and sodium cyanoacetic ester ox sodium cyanoacetamide respectively 
(C. 1898, I. 29, 37 : Ber. 26, 2881). 

Fropylene-a^yy-tetracarboxylic acid. A derivative of this is a-cyanoaconitic 
ester, CNCH(C02C2H5)C{C0AH5) : CHCCOAHs), b.p. 215®/25 mm., which 
results from the reaction of cyanoacetic ester, oxaloacetic ester, and sodium 
alcoholate. The sodium salt of the ester and iodomethane give first OL-cyano- 
a- or -y-methylaconiUc ester, b.p. 2ll®/25 mm., and then oL-cyano-oLy-diniethyU 
aconitic ester, Cltii C{ClS.^){CO^CJl^yC{CO^C^K^) : C(CH3)COAH5. b.p. 206®/25 
inm. (C. 1906, II. 21). 

Butenetetracarboxylic ester, CH 2 (C 02 R)C(C 02 R) 2 CH : CH(C02lt), b.p. 216- 
218®/14 mm., is formed from sodium isaconitic ester and bromoacetic ester 
(C. 1902, II. 722). 



VIL THE PENTAHYDRIC ALCOHOLS AND 
THEIR OXIDATION PRODUCTS 


1. PENTAHYDRIC ALCOHOLS, PENTITOLS 

One of these, adonitol, occurs in nature ; all the rest have been 
obtained by the reduction of the corresponding aldopentoses with 
sodium amalgam. Their constitution follows from that of the aldo- 
pentoses from which they have been prepared (p. 672). The simplest 

pentitol, C5H,(0H)6 or CH^-OH-CHOH-CHOH-CHOH-CHaOH, can 
have five theoretical modifications, because in the formula two asym 
metric carbon atoms are present, and they are separated by a non- 
asymmetric carbon atom. There are two optically active modifica- 
tions, d- and harabitol. There is also an inactive resolvable modifi- 
cation, produced by the union of the preceding forms, and finally, 
there exist two optically inactive modi&ations due to internal com- 
pensation. These caimot be resolved, and are known as xylitol and 
adonitol. The pentitols are oxidized to pentoses by bromine and 
sodium hydroxide (Ber. 27, 2486). The stereochemical relations of 
the pentitols are shown on p. 703. 

The number of possible classes of pentahydric alcohols is 21 ; that of the 
classes of substances which can be termed oxidation products of the pentitols 
is 55, if the hydroxy-compoimds are not divided into sub-classes accord- 
ing to the character of the alcoholic hydroxyls, otherwise the number rises 
to 231. 

1. Z-Arabitol, €5117(011)5, m.p. 102®, is Isevorotatory after the addition of 
borax to its aqueous solution. It is produced by the reduction of ordinary or 
i-arabinose (p. 674), and has a sweet taste (Ber. 24, 638, 1839 note). Benzal 
arabitol, ra.p, 150® (Ber. 27, 1536). Diacetone arabitol, b.p. 145-162“/23 mm. 
(Ber. 28 , 2633). d-Arabitol is dextrorotatory, and is produced by reduction 
of d-arabinose or d-lyxose. It combines with 2-arabitol to form the racemic 
dZ-arabitol, m.p. 106® (Ber. 32, 555 : 33, 1802). 

2. Xylitol, 05H7(0H)5, is syrup-like and optically inactive. It results 
from the reduction of xylose (p. 674) Ber. 24, 538 ; 1839 note : R- 567 : 27, 
2487). 

3. Adonitol, C5H7 (OH )5, m.p. 102®, is optically inactive. It occurs in Adonis 
vemalis, and is produced by the reduction of ribose (p. 675) (Ber. 26, 633). 
Adonitol diformacetal, m.p. 145® (Ber. 27, 1893). Adonitol diacetone, b.p. 150- 
165®/17 mm. 

4. Rhamnitol, CH3*C5H5(OH)5, m.p. 121®, is dextrorotatory; it resets 
from the reduction of rhamnose (p. 675 ; Ber. 23, 3103). DirnethylenerMmnitol, 

m.p. 138® (Ann. 299, 321). 

Aminotetrols : Arabinamine, CH20H[CH(0H)]3CH2NH2, m.p. 99®, is laevo- 
rotatory, and is formed from i-arabinose oxime (p, 674) by reduction with sodium 
amalgam. It is a strong base, and is reduced by hydxiodic acid to n-amylamine. 

Xylamine is prepared from xylose oxime, and is a colourless syrup (p. 674) 
{C. 1904, I. 679). 
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2. TETRAHYDROXYALDEHYDES, ALDOPENTOSES 

Tiie tetrahydroxyaldehydes, the first oxidation products of the 
pentahydrio alcohols, are closely related to the pentahydroxyaldehydes 
or aldohexoses, the first class of the carbohydrates in the more re- 
stricted sense, and are very similar in chemical behaviour. Whereas 
formerly the carbohydrates occupied a special position in the province 
of aliphatic chemistry, they are now found to be very closely allied 
to simpler classes of bodies. All aldehyde- and ketone-alcohols, which 
can be regarded as the first oxidation products of the simplest repre- 
sentatives of the poiyhydric alcohols, contain, like the carbohydrates 
in a narrower sense, in addition to carbon, hydrogen and oxygen in 
the same proportion as exist in water, e.g , : 


CHO 

CHO 

CHO 

CHO 

CHO 

j 

CHaOH 

1 

CHOH 

1 

[CHOHL 

1 

[CHOHh 

j 

[CHOHJ4 

Glycolyl 
aldehyde 
(niose, CjH^Oj). 

j 

CHaOH 
Glycerose 
(Triose, CtE«0,}. 

j 

CHaOH 
Erythritose 
(Tetroae, CAO^). 

j 

CHaOH 
Aiabinose 
(Pentose, CsHioOj). 

1 

CHaOH 

Dextrose 

(Hexose, CeH„Oa). 


The simplest carbohydrates are the polyhydroxyaldehydes just 
mentioned, or ketone alcohols such as fructose, CH 20 H‘[CH 0 H] 8 -C 0 '- 
GHjOH. 

The aldopentoses show the following reactions in common with 
the hexoses : 1. They form semiacetah {Glycosides)* when condensed 
with alcohols by means of a small quantity of hydrochloric acid (Ber. 
28, 1156) (see p. 689). 

16. They condense with mercaptans in the presence of hydrochloric 
acid to form rmrca^ptals (Ber. 29, 547). 

2. They form condensation products with aldehydes and with 
acetone in the presence of hydrochloric acid. 

3. They are reduced by sodium amalgam to alcohols : pentitols. 

4. Nitric acid oxidizes them to hydroxycarboxylio acids : tetra- 
hydroxymono- and trihydroxydicarboxylic acids ; they reduce Feh- 
ling’s solution. 

5. They yield osamines with methyl alcoholic ammonia (Ber. 28, 
3082). 

6. Hydrazine converts the pentoses into aldazines (Ber. 29, 2308). 

7. Phenylhydrazine changes them to hydrazones and characteristic 
dihydrazones : osazoms, 

8. They 3 deld oximes with hydroxylamine. 

9. By successive treatment with hydrocyanic acid and hydrochloric 
acid they pass into pentahydroxyacids, the lactones of which may be 
reduced to hexoses (p. 682), whereby consequently the s 5 nithesis of a 
hexose from a corresponding pentose is realized. 

However, the aldopentoses are (1) not fermented by yeast ; (2) 
they yield furfuraldehyde or alkyl furfurals when they are distilled 
with hydrochloric acid or with dilute sulphuric acid. This reaction 
can be applied in the quantitative determination of the aldopentoses 

♦ It has broil suggested that the sugar semiacetals should be, in generaU 
tezzned glycosMes, the tezm glwoside being reserved for those derived from 
glucose itself. 
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(Ber. 25, 2912). (3) When they are heated with phloroglucinol and 
hydrochloric acid they give a cherry-red coloration (Ber. 29, 1202). 

Formation , — ^Their production from animal and vegetable sources 
win be indicated under the individual aldopentoses. However, a 
reaction will be given in this connection, which affords a general 
method for the conversion of aldohexoses into aldopentoses. 

On treating <f-glucoseoxime (p. 693) with acetic anhydride and 
sodium acetate, the nitrile of pentaacetylgluconic acid is obtained. 
This, when treated with ammoniacal silver solution gives up hydro- 
cyanic acid, and is converted into cZ-arabinose diacetamide CHg- 
OH*[CHOH] 3 CH(NBLAc )2 which on hydrolysis with hydrochloric acid 
yields eZ-arabinose (Ber. 26, 737 : 32, 3666), 


H-CO 

I 

HO*C*H 

! 

H-C-OH 

1 

H-C-OH 

I 

CHgOH 
d-Arabinose. 

When cZ-glucose is oxidized with chlorine water it is converted into 
d-gluconic acid which is further changed by hydrogen peroxide in 
presence of ferric acetate into d-arabinose (Ber. 32, 3672) : 

CHO 

1 

H-C-OH 
I 

HO-C-H 
I 

H-C-OH 
I 

H-C-OH 

CHgOH 

^•Glucose. 

cZ-Arabinose is the first aldopentose to be prepared synthetically, 
as it may be obtained from d-glucose (p. 692) which can be 
synthesized. 

The two degradation methods described above have led to the 
following reactions : the production of Z- and d-xylose from Z- and d- 
gulonic acid (see below and p. 674) ; lyxose from galactose and galac- 
tonic acid (p. 675) ; Z-erythritose and Z-threose from Z-arabinose and 
Z-xylose (p, 651) ; <Z- and Z-erythritose and Z-threose from Z- and 
eZ-arabonic acid and Z-xylonic acid, etc. 

The aldopentoses of the formula CHaOH-CHOH-CHOH-CHOH*- 
CHO, containing three asymmetric carbon- atoms, can appear theo- 
retically in eight optically active isomers, and four optically active, 
racemic or (ZZ-modfflcations which can be resolved (p. 703). 

VOL. I. XX 
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Cofistitutiou of Pentoses ^ — ^The constitution of tho pentoses as 
represented with an internal oxide ring is based on the same argu- 
ments as those applicable to the hexoses and is discussed with the 
latter (p. 689). 

1. Arabiiiose. — Ordinary arabinose contains a 1 : 5-aniylene oxide ring 
{J.C.S., 127, 358). Derivatives of the 1 : 4-butylene oxide structure, y-arabinose, 
such as y-methylarabinoside are also known (J.C.S. 127, 367). 

1-Arabinose, pectinose, m.p. 160®, is formed when cherry gum and other gums 
{p. 736) are boiled with dilute sulphuric acid (Ber. 35, 1457 : 37, 1210). Reduc- 
tion produces Z-arabitoi {p. 671), and oxidation Z-arabonic acid (p. 676) and Z-tri- 
hydroxyglutaric acid, m.p. 127® ; hydrochloric acid gives rise to furfural. It 
is deictrorotatory, [a]i> = + 105*25®, and it reduces Fehling’s solution. MethyUU 
arabinoside, CsHsOs-CHg, m.p. 170® (Ber. 26, 2407 ; 28, 1156), is prepared from 
arabinose, methyl alcohol and hydrochloric acid. The action of iodomethane 
and silver oxide produces methylation of the OH-groups, forming trimethyl- 
methylarahinoside, m.p. 44®, b.p. 124®/14 mm. Hydrochloric acid hydrolyses this 
substance to irimethylarahinosey (CH 30 ) 3 C 6 H 702 , b.p. 148-152®/19 mm. (C. 1906, 
II. 1045). 

\-Arahinosazone, C5H803(N2HCgH5)2, m.p. 160® (Ber. 24, 1840, footnote). Ara- 
binosone (Ber. 24, 1840, footnote ; C. 1904, 1. 579). \-Ambinose-p-hromophenyl- 
hydrazone, m.p. 150-155® (Ber. 27, 2490). l-Arabmose se^nicarbazone, m.p. 163® 
(decomp.) (C. 1897, II. 894). I- Arabinose oxime, m.p. 133° (Ber. 26, 743), can 
be degraded to Z-erythritose (p. 650), and reduced to Z-arabinamine (p. 671). 
Arabinose ethyl mercaptal, m.p, 125®. Arabinose ethylene mercaptal, m.p. 154®. 
Arabinose trimethylene mercaptal, m.p. 150® (Ber. 29, 547). Arahinochloral, 
a-form, m.p. 124® ; jS-form, m.p. 183®. Arabinobromal, CsHgOs-CHDBra, m.p. 
210® (Ber. 29, R, 544). Arabinose diacetone, m.p. 42° (Ber. 28, 1164). Arabinose 
tetranitrate, m.p. 85® (Ber. 31, 71). AcetocMoroarabinose, C 5 H 6 Cl(OCOCH 3 ) 3 , m.p. 
149°, and acetobromoarabinose, C 5 HeBr(OCOCH 8 ) 3 , m.p. 137°, are prepared from 
arabinose and acetyl chloride and bromide respectively. Silver acetate converts 
them into tetraacetylarabinose, CgH60(0C0CH3)4, m.p. 80'^ (C. 1902, I. 911). 
Teiracarbomeihoxyarabinose, m.p. 123®, [aji, — 126*6°, is obtained from 
arabinose, chloroformic ester and absolute pyridine (J.C.S. 1926, 1752). 

I’Arabinal, m.^. 81-83°, [a]® — 202*8®, is obtained by reduction of triaeetyl- 
bromoarabinose with zinc dust and 50% acetic acid, and corresponds in structure 
to glueal (p. 696) (Ber. 60, 918). 

l-Arabinodesose {h2-desoxyarabi7iose), m.p. ca 90°, is formed from arabinal 
by contact with dilute acids at 0° (Ber. 60, 918). 

d- Arabinose is prepared (1 ) by degradation of cZ-dextrose oxime ; from the 
reaction product it is best separated as the diphenylhydrazone, C 4 H 5 (OH) 4 CH 
NH(CeH 5 )g, which is decomposed by formaldehyde (C. 1902, 1. 985) ; (2) by oxida- 
tion of d-gluconic acid by HgO* (above), or by heating a solution of mercuric 
d-glueonate (C. 1908, I, 1166). It is Icevorotatory, [a]j> = — 105°. d-Arabin- 
osazone, m.^. 160®. d- Arabinose diacetamide, C 6 Hio 04 (jNH*COCH 3 ) 2 , m.p. 187®. 

dZ« Arabinose, m.p. 164°, is produced by the union of the two optically 
active forms of arabinose. It is one of the sugars found in the urine of a sufferer 
from peTdomria. This is of interest, since, so far, only optically active sugars 
have been found to be produced as a result of metabolism. It can be resolved 
by ae.-d-amyl phenylhydrazine (Bar. 38, 868). dl-Arabinosazone, m.p. 167° 
(Ber. 33, 2243). 

Derivatives of y-Arabinose (1 : 4-oxide ring). — y-Methytarabiirvoside, a syrup 
showing mutarotation, [a]j) — 1° to — 42®, is obtained from arabinose and methyl 
alcoholic hydrogen chloride at 18°. Trimethyl-y-mcthylarahinoside, b.p. 85-87®/ 
0*3 mm., [aln — 55*8® (in water). Trimethyl-y-arabinose, b.p. 97-99® /0*1 8 mm., 
[a}i» -- 39*5® (in water) (J.C.S. 127, 36^f). 

2. Xylose. (Presence of amylene oxide ring, see J.C.S. 123, 1352.) 

Z-Xylose, wood sugar, G 4 Hs{OH) 4 *CHO, m.p. 143®, is produced when wood 

guins (Ber. 22, 1047 : 23, R. 15: C. 1902, I. 301), corn-cobs (Ber. 24, 1657), 
maize, or elder pith (Ber. 35, 1457) are boiled with dilute acids ; by the degrada- 
tion of Z-gulonic acid (p. 714) by hydrogen peroxide (Ber. 33, 2142) ; also, by 
pancreatic hydrolysis of nucleo-proteins (Ber. 35, 1467). It is dextrorotatory, and 
yields inactive xyiitol (p. 671) on reduction ; oxidation converts it into Z-xylonic 
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acid (p. 676) and inactive trihydroxyglutaric acid, m.p. 152®, Hydrocyanic acid 
produces Z-gulonic acid and Z-idonic acid (p. 714). l-Xylosazonej m.p. 160®. 

d-Xylose is obtained from d-gulonic lactone by degradation. It is Icevo- 
rotatory (Ber. 33, 2145). dl-Xylosazoney m.p. 210-215®, with decomposition 
(Ber. 27, 2488 : 33, 2145). Methylayyloside, a-, m.p. 91® ; 

m.p. 156® (Ber. 28, 1157). Xylochloral, m.p. 132® (Ber. 28, R. 148). 

3. Lyxose, m.p. 101®, is pepared by reduction of.lyxonic lactone (p. 676) ; 
from pentaacetylgalactonic nitrile by loss of hydrocyanic acid (Ber. 30, 3103) ; 
and from d-galaetonic acid and HaOg (Ber. 33, 1798). Addition of hydrocyanic 
acid and hydrolysis produces galactonic and talonic acids (Ber. 33, 2146). 

4. Ribose, C 4 H 5 (OH) 4 CHO, is produced by oxidation of Z-arabinose to 
Z-arabonic acid, conversion of this into ribonic acid (p. 676) and reduction of the 
lactone of this acid (Ber. 24, 4220). 

Preparation of d-ribose, C. 1913, 11, 1562. Ribose is a component of pancreas 
and liver nueleoproteins (see nucleic acids, p. 748), It is identified by means 
of its dikydrazone^ m.p. 141-142®, with diphenylmethanedimethyldihydrazine, 
OH 2 -(C 6 H 4 *NMe-NH 2)2 (Ber. 46, 3949). 

5. Apiose, ^-hydroxymethylerythritose, (CH20H)2C(0H)CH(0H)CH0, is pre- 
pared by hydrolysis of apiiw, a glucoside occurring in parsley (Vol. II). It 
differs from the isomeric pentoses by reason of its branched carbon chain. Oxida- 
tion with bromine water produces tetrahydroxyZ^ovaleric acid (Ann. 321, 71). 
Osazone, m.p. 156® (C. 1902, I. 912). 

6. Rhamnose, or isoduUitol, CH 3 (CHOH) 4 CHO H 2 O, m.p. 93®, (Ring 
structure, see J.C.S. 1926, 22 : Ber. 59, 836) in anhydrous form ; rn.p. 122-126° 
when crystallized from acetone. It is dextrorotatory (Ber. 29, R. 117, 340). It 
results upon decomposing different giucosides {quercitrin, xanihorhamnin^ Tkani’ 
ninosef a disaecharide, derived from galactose and rhamnose (C. 1900, I, 251), 
hesperidin, riaringin) with dilute sulphuric acid. It yields a-methylfurfural when 
distilled with sulphuric acid (Ber. 22, R. 751). 

It gives rise to rhamnitol upon reduction, and by oxidation Z-trihydroxy- 
glutarie acid (m.p. 127®). HON and hydrochloric acid convert it into rhamnose 
carboxylic acid (p. 714 : Ber. 22, 1702) ; the oxime has been decomposed into 
methyl tetrose (p. 651 : Ber. 29, 1378) ; hydrazone, m.p. 159®, and osazone, m.p. 
180® (Ber. 20, 2574). Acetone rhamnose^ CaHioOs : CgHe, m.p. 90® (Ber. 28, 
1162). Rhamnose ethyl mercaptal, m.p. 136®. Ethylene m&rcaptal, m.p. 169® 
(Ber. 29, 547). Tetranitrate^ m.p. 135® (Ber. 31, 71). 

7. isoRhamnose has been obtained by the reduction of the lactone of iaorham- 
nonic acid, 

8. Chinovose, CH 3 [CHOH 340 HO, isomeric with rhamnose, is a product 
obtained by decomposing chinovin, occurring in varieties of quina and cinchona 
with hydrochloric acid. Osazone, m.p. 193-194° (Ber, 26, 2417). 

9. Rhodeose, CH 3 [CH(OH)] 4 CHO, is one of the methylpentoses obtained 
by decomposing the pentosides convovuUn and jalapm (Vol. II), It is strongly 
dextrorotatory, and is the optical antipode to fucose. This substance is 
obtained by hydrolysis of the Fucus variety of sea-weeds with dilute sulphuric 
acid. Osazone, m.p. 177®. Determination of configuration (Ber. 49, 2434), 

10. Digitoxose, CH 3 -[CHOH] 3 *CH 2 *CHO, is a desoxyhexose occurring in 
the digitalis glycosides. Its configuration has recently been established as 

H H H 

CHs-dj-i-i-CHs-OHO (Ber. 55, 75: 63, 347). 



3. TETRAHYDROXYMONOCARBOXYLIC ACIDS 

Acids of this class are obtained by oxidizing the aldopentoses with bromine 
water or dilute nitric acid. They readily pass into lactones, some of which 
yield pentoses on reduction. Furthermore, oxidation changes them in part to 
dicarboxylic acids. Hydriodic acid reduces some of them to lactones of the 
monohydroxyparaffincarboxylic acids. All the Isnown acids are optically active. 

Tetrahydroxy- 7 t-valeric acids, like the aldopentoses, occur in eight optically 
active forms, five of which are known, and four dZ-modificationa. 
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(1) Z-Arabonic acid, [a]®® = - 73-9°, is prepared 

from Z-arabinose (Ber. 21 , 3007). It readily yields a lactone, CgHgOg, m.p. 95-98°, 
and is converted by oxidation into l-trihydroxyglutaric acid ; phenylhydrazide, 
m.p. 215° (Ber. 23 , 2627 : 24 , 4219). Tetraacetyl-l-arabonic nitrile, m.p. 117°, 
is produced from Z-arabinose oxime, acetic anhydride, and sodium acetate. 
Silver oxide changes it into triacetyl-Z-erylihrose (Ber. 32 , 3666). 

d-Arabonic acid, [a]^ = + 73-7°, is formed from d-arabinose and bromine 
water; lactone, m.p. 98°. Oxidation by HgOg converts it into d-erythritose. 

dl-Aro5omc lactone, m.p. 116° (Ber. 32, 556). 

When heated to 145° with aqueous pyridine Z-arabonie acid yields pyromucic 
acid, together with some 

(2) Z-Ribonic acid, which, under the same conditions, is partially recon- 
verted into arabonic acid. Bibonio lactone, C3H3O5, m.p. 72-76° (Ber. 24 , 4217) ; 
phenylhydrazide, ra.p. 163°. 

(3) Z-Xylonic acid is prepared from Z-xylose and bromine. It yields a spar- 
ingly soluble bromocadmium double salt (c/. Ber. 35, 1473). Pyridine converts 
it into 

(4) d-Lyxonic acid ; lactone, m.p. 113° (Ber. 30, 3107) (see also Lyxose, 
p. 675) ; phenylhydrazide, m.p. 162°. 

(5) Apionic acid, tetrahydroosyisovaleric acid, (CH20H)2C(0H)CH(0H)- 
COOH, is produced from apiose (p. 675) and bromine water. Phenylhydrazide, 
m.p.' 127°, is converted by hydriodic acid and phosphorus into isovaleric acid 
(Ann. 321, 78). 

(6) Rhamnonic acid is formed from rhamnose and bromine, and passes 
directly into the lactone, CgHioOg, m.p. 150° (Ber. 23 , 2992 : Ann. 271 , 73). 
Methylene rhamnonic lactone, 0eHg(CH2)O6, m.p. 179° (Ann. 309 , 323). When 
heated with pyridine to 150° it yields some 

(7) isoRbamnonic acid, of which the lactone, m.p. 161°, when oxidized 
yields xylotrihydroxyglutaric acid (p. 677) (Ber. 29, 1961). 

(8) Saccharic acids is the name given to a number of tetrahydroxypentano- 
carboxylic acids which are obtained from the hexoses or disacoharides by the 
action of alkalis, or, better, lime-water, accompanied by atomic migration. They 
readily pass into lactones, known as saccharins, which must not be confused with 
saccharine (Vol. II), a sweetening agent entirely unconnected with sugars and 
their associated compounds. 

CO 0 

Saccharin, | | , m.p. 160°, possesses a bitter taste, 

CH3*C(0H)-CH(0H)CH-CH20H 
CO 0 

isoSaccharin, J | , m.p. 95°. 

H0-CH2-C(0H)-CH2*CH*CH20H 
CO o 

Metasaccharin, j j , m.p. 141°. 

HOCH-CH2*CH-CH(OH)CH20H 
CO O 

Parasaccharin, ’ | ( » a syrup. 

H0CH2*CH(0H)*C(0H)CH2CH2 

Saccharin is produced by the action of lime-water on dextrose, laevulose and 
invert sugar ; iso-, meta-, and para-saccharin from lactose or galactose and 
lime-water. When reduced with hydriodic acid, saccharin and i^osaccharin yield 
ay-dimethylbutyrolactone, whilst metasaccharin gives y-w.-caprolaotone. Nitric 
^id converts saccharin into a-methyltrihydroxyglutaric acid {saccharonic add) ; 
^saccharin into ay-dihydroxyglutaric-y-carboxylic acid, (H02C)2C(0H)CB[2CH- 
(0H)G02H ; metasaccharin into a]S8-trihydroxyadipic acid (see below) ; and 
parasaccharin to parasaccharonio acid and hyiroxy citric acid (p. 678), H2O2 
(p, 673) brings about the degradation of iso- and para-saccharine to two keto- 
pentanetriols, H0CHj*C0CH2CH(0H)CH20H, and HOCH2*CH(OH)*CO*CH2CH2- 
OH, respectively ; metasaccharin gives an aldotriose, metasaccharopentose, 
H0C'CH2CH{0H)CH(0H)CH20H, the aldehyde of a jSyS-trihydroxyvaleric acid, 
which is reduced by hydriodic acid to y-valerolactone (Ann. 218 , 373 : 299 , 323 ; 
Ber, 18 , 631, 2514 : 35 , 2361 ; 37 , 3612 : 38 , 2671 : 41 , 158). 
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4. TRIHYDROXYDICARBOXYLIC ACIDS 

Trihydroxy-n.-glutaric acids, COsH^CHOHlaCOjH, can theo- 
retically exist in four stereochemical modifications, corresponding 
■with the four pentitols (p. 703), and in addition in an inactive form 
■which can be resolved. 

d-Trihydroxyglutaric acidf d-ardbotrihydroxygluUiric acid, m.p. 127®, is prepared 
from d-arabinose and nitric acid. hTrihydroxyglutaric acid, m.p. 127®, is formed 
from Z-arabinose and nitric acid, as well as by the oxidation of rhamnose (p. 675) 
and sorbinose (p. 699) (Ber. 21, 3276). 61-Trihydroxyglutaric acid, m.p. 154®, 
restdts from the union of d- and Z-trihydroxyglutaric acid in acetone solution 
(Ber. 32, 558). 

i-Xylotrihydroscyglutaric acid, m.p. 152°, is formed when xylose is oxidized ; 
it corresponds with xylitol (p. 671). It is similar to, but not identical with, 
the racemic acid (Ber. 32, 559). 

i-Ribotrihydroxyglutaric acid results from the oxidation of ribose, and corre- 
sponds with adonitol (p. 671). It readily passes into a lactonic acid, CsHgOe, 
m.p. 170° (Ber. 24, 4222). 

Ethers. — d-Amhotrimethoxyglutaric acid is obtained by the oxidation of 
trimethyl-a-methylarabinoside with nitric acid, and is identified as the diamide, 
m.p. 232-233° [a]© + 50° (J.C.S. 127, 358). Xylo-trimethoxyglutaric acid is 
similarly obtained by the oxidation of trimethylmethylxyloside and tetramethyl- 
glucose ; its amide, m.p. 194°, is optically inactive (J.C.S. 1926, 350). 

Saccharonic acid,^ a-trihydroxy-oL-methylglutario add, CHsC(0H){C02H)- 
CH(0H)CH(0H)(C02H), is formed by the oxidation of saccharin (see above) 
with nitric acid. It changes in a desiccator, or when heated, into a Isevorotatory 

CO o 

lactone, saccharone, | j , m.p. 145-156° (Ann. 218, 

CH3C(OH)‘CH(OH)*CHC02H 

363). 

Hydriodic acid converts the lactone into a-methylglutaric acid (p. 558). 

Trihydroxyadipic acid, C02HCH(0H)CH2CH(0H)CH(0H)C02H, m.p. 
146° with decomposition, results from the oxidation of metasaccharin (see above) 
with dilute HNO3 (Ber. 18, 1555 : 37, 2668). Heated with HI it is reduced to 
adipic acid. 


5, DIHYDROXYKETONEDICARBOXYLIC ACIDS 

The pyrone dicarboxylic esters, resulting from the condensation of acetone 
dicarboxylic esters with aldehydes, are cyclic anhydrides of the dihydroxyketone- 
dicarboxylic acids. 

CO 

Dimethyltetrahydrogyyronedlcarboxylic ester, » ^'P* 

C02C2H5x^^® '^"-"^CH s 

102°, is formed from acetonedicarboxylic ester, acetaldehyde, and hydrochloric 
acid (Ber. 29 , 994). 


6. TRIKETONEDICARBOXYLIC ACIDS 

Aceto7icdioxalic ester, diethylxanthochelidhnic ester, C0[CH2C0*C02C2H5]2, m.p. 
104°, is obtained from acetone, oxalic ester, and sodium ethoxide. Hydrochloric 

acid converts it into chelidonic ester, CO<^^~^ ^0 

Q TT 

acids, allied with this, are also derived from pyrone, CO<^j£_Qg«^0 (Vol. II), 

such as a product of dehydration of carbonyl diacetoacetie ester, CO[CH(COCH3)- 
5] 2> prepared from copper acetoacetio ester and phosgene (Ber. 19, 19). 
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7. DIHYDROXYTRICARBOXYLIC ACIDS 

DesoxaUc acid, C0jH-CH0H-C(0H)(C02H)2, is a deliquescent crystalline 
mass; trieOi/yl ester, C02CjH5‘CH0H'C(0H)-{C02CjH5)2,m.p. 78°, b.p. 156°/2mm., 
results from the action of sodium amalgam on diethyl oxalate (Ann. 297» 
96). When its aqueous solution is evaporated, or when its ester is heated with 
water or dilute acids to 100°, the acid yields carbon dio^dde and racemic acid, 
(p. 655) : 

HOjC-CH(OH)C(OH){COjH)j > H02C-CH(OH)CH(0H)C02H + COj. 

Desoxalic acid. Racemic acid. 

Acid radicals can be substituted for the two hydroxyl groups of the desoxalic 
ester. Heated with hydriodic acidj desoxalic acid gives oflc carbon dioxide, 
and is reduced to succinic acid. 

Desoxalic ester and phenylhydrazine yield glyoxylic ester phenylhydrazone, 
whilst Z5onitrosomalonic ester and glycollic acid are the products of reaction 
with hydroxylamine (Ber. 29, R. 908). 

Hydroxycitric acid, ap-hydroxytncarhaUylic acidt C02HCH2C(0H)(C02H)- 
CH(0H)C02H, m.p. 160°, accompanies aconitic, tricarballylie, and citric acids 
in beet juice, and is produced by boiling chlorocitric acid (from aconitic acid 
and HCiO) with alkalis or water (Ber. 16, 1078). It can be obtained pure by 
oxidation of parasaccharin (p. 676) with nitric acid (Ber. 37, 3614). 

ay-Dihydroxypropane-aay-tricarboxylic acid , oLy-dihydroxyglutaric-y-ca r- 
boxylic acid, (C02H)2C(0H)CH2CH(0H)C00H, results from the oxidation of 
iijosaccharin with nitric acid. It is a thick crystalline mass. At 100° it loses 
carbon dioxide, and forms ay-dihydroxyglutaric acid. Hydriodic acid and 
phosphorus convert it into glutaric acid, C3H6(C02H)2 (Ber. 38, 2671). 


8. PENTACARBOXYLIC ACIDS 

Paraffin Pentacarboxylic Acids. — Propane-o!.(x.pPy-pentacarboxylic acid, ajS- 
dicarhoxy tricarballylie acid, (C02H)2CH‘C(C02H)2-CH2C02H, m.p. 150°, is obtained 
from its pentU’ethyl ester, the reaction product of sodium malonio ester and 
ehloroethanetricarhoxylie ester (p. 646). 

PropaTie-aafiyy-pentacarboxyUc methyl ester, ccy’dicarboxytricarhallylic ester, 
CHa02C*CH[CH(C02CHs)2]2, m.p. 86°, is prepared from dichloroacetic ester and 
two molecules of sodium malonic ester ; also, by reduction of dicarboxyaconitic 
ester (see below) with zinc and glacial acetic acid (Ann. 347, 5). 

Butane-aa^yy’pentacarboxyUc methyl ester, ay-dicarboxy-oL-rnethyltricarbcdlylio 
ester, (CH302C)2*CH*CH(C02 CHs)-C(CH 3)(-C02CH3)2, m.p. 59°, is obtained by 
reduction of dicarboxymethylaconitio ester. These esters yield tricarballylie or 
the stereoisomeric a-methyltricarballylic acids on hydrolysis and expulsion of COj. 

Butane-OLppyB-pentacarboxylic ester, C 2 H 502 C-CH 2 CH(C 02 C 2 H 6 )C(C 02 C 2 H 5 ) 2 - 
CH2C02C2H5, b.p. 217°/16 mm., is formed from chlorosuccinic ester and sodium 
ethenyl tricarboxylic ester. 

Olebne Pentacarboxylic Acids : Dicarhoxyaconitie pentaniethyl ester, 
i C(C02CH3)-CH{C02CH5)2, m.p. 62°, is formed by condonsation of 
dicblorooxalic methyl ester and two molecules of sodimn malonic mothyl ester, 
instead of the expected dicarboxy-methyl-eitric ester, which loses methyl alcohol ; 

CHAC-C<gi®®» + 2NaCH(COsCH,), = + 

* ‘sNaCl + CHaOH. 

*3^6 ester, when hydrolysed, loses COj, and yields aconitic acid ; with sodium 
and iodomethane it forms a-methyldicarboxyaconitio esteri butylenC’OLOtByy’penta- 
carboxylic ester, : CiCO^Cns)^, m.p. 86° (Ann. 347, 1). 

4<x-‘BuiyUne-a§yyh-pentacaTboxyUc ester, 02H502C*CH2'C(C02C2H5)2C(C02Ca- 
Hj) : CHCOjCaHg, b.p. 230°/10 mm., is prepared from sodium ethenyl tricar- 
boxylic ester and chlorofumaric ester (Ber. 31, 47). Butylene'aayyh^pervtaear^ 
hixylie ester, : C(C02C2Hg)2, b.p. 224°/12 mm., is 

formed from sodium dicarboxyglutaconic ester (p. 669) and chloroacetic ester 
(JT. pr. Chem. [2] 66, 1, 104), 



VIIL HEXA-- AND POLY-HYDRIC ALCOHOLS 
AND THEIR OXIDATION PRODUCTS 

I. POLYHYDRIC ALCOHOLS 

1 A. HEXAHYDRIC ALCOHOLS, HEXAHYDROXYPARAFFINS, 

HEXITOLS 

The hexahydric alcohols approach the first class of sugars (p. 683) 
— the monosaccharides — ^very closely. They resemble them in prop- 
erties ; they have a very sweet taste, but they do not reduce an 
alkaline copper solution, and are not normally fermented by yeast 
(c/., however, Z. physiol. Chem. 173, 72). d-Mannitol, d-sorbitol, and 
dulcitol occur in nature. These three and other hexitols have been 
prepared by the reduction of the corresponding hexoses — aide- and 
keto-hexoses — ^with sodium amalgam. Moderate oxidation converts 
them into dextroses. The condensation products which the hfexitols 
yield with aldehydes, especially formaldehyde and benzaldehyde, 
and with acetone, in the presence of hydrochloric acid or sulphuric 
acid, are characteristic of them (Ann. 299, 316 : Ber, 27, 1531 : 28, 
2531). 

Theory requires the existence of 28 classes of hexahydroxy- 
paraffin alcohols, which give rise to 79 classes of oxidation products, 
if the hydroxy compounds are included 'mth those of the glycol oxida- 
tion products. The total number of sub-classes of oxidation com- 
pounds amounts to 434, of which 28 are free from alcoholic hydroxyls. 

The simplest hexitols with six carbon atoms contain four asym- 
metric carbon atoms in the molecule. According to the theory of 
van 't Hoff and Le Bel, 10 simple spacial isomeric forms are possible 
for such a compound, 

1. Mannitol or mannite, CH20H[CH0H]4CH20H, exists in three 
modifications : dextro-, Imvo-, and inactive mannitol ; the latter is 
identical with the oi~acritol made from synthetic cn-acrose or dZ-fructose. 
It is the parent substance for the synthesis of numerous derivatives 
of the mannitol series (Ber. 23, 373), and also of glucose (p. 692) 
and of fructose (p. 698), as will be more fully explained under these 
bodies. 

Ordinary, or d-mannitol (configuration, p. 704), m.p. 166®, occurs 
frequently in plants and in the manna-ash {Fraxinus ornus), the dried 
sap of which is manna. It is obtained from the latter by extraction 
with alcohol and allowing the solution to crystallize. It is produced 
in the ropy fermentation of the difierent varieties of sugar, and may 
be artificially prepared by the action of sodium amalgam on d-man- 
nose (p. 691) or d-fructose, together with sorbitol (Ber. 17, 127 : 
23, 3684). 
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Mannitol crystallizes from alcohol in delicate needles, and from 
water in large rhombic prisms. It possesses a very sweet taste. ^ Its 
solution is dextrorotatory in the presence of borax. When oxidized 
with care by nitric acid, it yields fructose (previously known as 
mannitose) (Ber. 20, 831), and d-maimose (Ber. 21, 1805).^ More 
vigorous oxidation with nitric acid produces d-mannosaccharic acid 
(Ber, 24, R. 763) (p. 717), erythritic acid, and oxalic acid. Hydriodic 
acid converts it into and y-hexyl iodide (Ber. 40, 140). 

\Vlien mannitol is heated to 200° it loses water and forms the anhydrides, 
7na7initanf CgHigO^, and rmnnide, C6H10O4, m.p. 87°, b.p. 176°/30 mm. The 
latter is also obtained by distilling mannitol in a vacuum. 

Esters, — Mannitol dichlorohydrin, C6HgCl2(OH)4, m.p. 174°, is formed when 
d-mannitol is heated with concentrated hydrochloric acid. Hydrobromic acid 
yields the dibromohydrin, m.p. 178°. 

Nitroman7iitol, mannitol heocatetranitrate, C6H8(0*N02)6, m.p. 113°, is obtained 
]jy dissolving mannitol in a mixture of concentrated nitric and sulphuric acids. 
It crystallizes from alcohol and ether in bright needles ; it melts when carefully 
heated and deflagrates strongly. When struck it explodes very violently. Alkalis 
and aiiamonium sulphide regenerate mannitol. ^ Ammonia, or, better, pyridine, 
acting on hexanitromannitol, produces penta 7 iitromannitolf m.p. 82° (C. 1901, 
II. 983 : Ber. 36, 794). 

d’Mannitol hexaacetate, C6H6(OCOCH3)6, m.p. 119° (Ber. 12, 2059), when 
left in contact with liquid HCl, changes into tetraacetylrmnnitol dichloroliydrin, 
C6H8(C2H302)4Cl2, m.p. 214° (Ber. 35, 842). 

Hexabenzoyl mannitolt m.p. 149°. 

Mannitol triformal^ C6H808(CH2)3, m.p. 227° (Ann. 289, 20). 

Maymitol tribenzal, C6H80e(CHC 3115)3, m.p. 213-217° (Ber. 28, 1979). 

Mamiitol triacetonet 0313803(03113)3, m.p. 69°, is obtained from mannitol, 
acetone, and a little hydrochloric acid. It has a bitter taste (Ber. 28, 1168). 

7-Mannitol, m.p. 163-164°, is obtained by the reduction of 7-mannose (from 
7-arabinose carboxylic acid, p. 712) in weak alkaline solution with sodium amal- 
gam (Ber. 23, 375). It is quite similar to ordinary mannitol, and in the presence 
of borax is Isevorotatory. 

Inactive mannitol, ^-mannitol, m.p. 168°, is produced in a similar manner, 
from inactive mannose (from d7-mannonic acid). It is identical with the syn- 
thetically prepared a-am7o7 (from a-acrose, p. 699) (Ber. 23, 383). It resembles 
ordinary mannitol, but in aqueous solution is inactive even in the presence 
of borax. Nitric acid oxidizes it to inactive mannose and inactive mannonic 
acid. The latter can be resolved into d- and 7-mannonic acids (Ber. 23, 392). 
f/- and 7-Mannonolactones may be reduced to d- and 7-mannoses, and these to 
d- and 7-mannitoIs. All of these compoimds have been synthesized in this way. 

2. d- and 7-Iditols are colourless syrups formed by the reduction of d- ajid 
7-idoses; tribenzal compounds, m.p. 21 9-223° (Ber. 28, 1979). 

^^3. d-Sorbitol (configuration, p. 705), CH20H(CH0H)4CH20H + H2O, m.p. 
75° (anhydrous, 104-109°), occurs in mountain-ash berries, forming small crystals 
which dissolve readily in water. It is produced in the reduction of d-dextrose, 
and together with d-mannitol in the reduction of d-fructose (p. 698) (Ber. 23, 
2623). It is reduced to secondary hexyl iodide (Ber. 22, 1048) when heated 
with hydriodic acid. 

Sorbitol triJormaU C6H803(CH2)3, m.p. 206° (Ann. 289, 23). 

Trmcetmie sorbitol, CeHgO 3(03116)3, m.p. 45°, b.p. 172°/25 mm. 

7-Sorbitol, m.p, 75°, is obtained by the reduction of /-gulose (p, 696) Ber. 
24, 2144). 6 vr / 

4. Dulcitol, 7nela7npyrm, (configuration, p. 705), 

m.p, 188°, occurs in various plants, and is obtained from dulcitol manna (originat- 
ing in Madagascar). It is produced artificially by the action of sodium amalgam 
on d-galacto.^. It crystallizes in large monoclinic prisms, having a sweet taste. 
It dissolves in water with more difficulty than mannitol, and is almost insoluble 
even in boiling water. Its solution remains optically inactive even in the presence 
of borax (Ber. 25, 2564). Hydriodic acid converts it into the same hexyl iodide 
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that mannitol yields. Nitric acid oxidizes dulcitol to mucic acid. (Ber. 20. 
1091). 

Hexaacetyl dulcitol, m.p. 171®. 

Dimethylene dulcitol, C6Hio06(CH2)2, m.p. 244° (Aim. 299, 318). Dihenml 
dulcitol, CeHiQ06(CHCgH5)2, m.p. 21^220° (Ber. 27, 1554). Diacetone duUitol, 
C6Hio 06(C3H6)2, m.p. 9S®, b.p. 194°/18 mm. (Ber, 28, 2533). Didcitol hexanitrate, 
m.p. about 95®. Dulcitol pentanitrate, m.p. about 75° (Ber. 36, 799). 

5. d-Talitol, m.p. 86°, is produced in the reduction of d-talose. 
Tribenzal-d4alitol, m.p. 206° (Ber. 27, 1527 : C. 1908, I. 1529). 
dZ-Talitol, m.p. 66®, is formed by the reduction of the body produced when 

dulcitol is oxidized with PbOg and hydrochloric acid (Ber. 27, 1530). 

6. Rhamnohexitol, CH3*[CH0H]5'CH20H, m.p. 173°, is formed when 
rhamnohexose (p. 698) is reduced with sodium amalgam (Ber. 23, 3106). 

7. Glucammes. — These bodies stand in the same relation to the hexose 
imines and amines (p. 699) as the hexitols to the hexoses. They are formed 
(1) from the hexose oximes, and (2) the hexoseamines by reduction with sodium 
amalgam. 

d’Glucamine, CH20H'[CH0H]4CHNH2, m.p. 128®, is prepared from dextrose 
oxime and also from isodextrosamine (p. 700). It is a strong base, and is dextro- 
rotatory. Together with the above is formed d-mafuiamine, m.p. 139®. 

d-Galactamine, m.p. 139°, is Isevorotatory (C. 1902, 11. 1356 : 1903, II. 1237 : 
1904, I. 871). 


1 B. HEPTAHYDRIC ALCOHOLS 

Perseitol or mannoheptitol, C7H2(OH),, is known in three modifications: 
d-mannoheptitol, m.p. 187®, \-mannoheptitol, m.p. 187°, and dl-rnamioheptitol, m.p. 
203®. d-Mannoheptitol or perseitol occurs in Laurus persea, and is obtained, 
like the other two modifications, by the reduction of the corresponding manno- 
heptoses (Ber. 23, 936, 2231). d/-Mannoheptitol is formed when equal quantities 
of d- and Z-mannoheptitol are mixed (Ann. 272, 189). Hydriodio acid reduces 
it to hexahydrotoluene (Ber. 25, R. 503). 

a-Glucoheptitol, CH20H(CH0H)5CH20H, m.p. 128°, is obtained from tx- 
glucoheptose (p. 700 : Ann. 270, 81). Tfiacetone-a.-glucoheptitol, C2Hjo07{C8H6)3, 
b.p. 200®/24 mm. (Ber. 28, 2534). 

a-Galaheptitol, C7Hi302> m.p. 183°, is obtained from a-galaheptose (p. 700). 

Volemitol, C7H3(OH)7, m.p. 156°, dextrorotatory, is found in the pileated 
mushroom, Lactarius volemus (Ber. 28, 1973), and in the Primulacece (C. 1902, 
11. 1513). 

Anhydro-nonaheptitol, m.p. 156°, is formed from acetone and 

formaldehyde with lime and water. It is an anhydride of the heptahydric 
alcohol [CHaOHJa • C-CH(OH)C ; (Ber. 27, 1089 : Ann. 289, 46). 

1 C. OCTAHYDRIC ALCOHOLS 

a-Glucooctitol, CH20H[CH0H]6-CH2*0H, m.p. 141®, is obtained from 
a-glucooctose (p. 700: Ann. 270, 98). 

d-Mannooctitol, CHaOHCCHOHjsCHgOH, is produced from maunooctose, 
m.p, 258°. It dissolves with difficulty in water. 

1 D. NONOHYDRIC ALCOHOL 

Glucononitol, CjHgoOg, m.p. 194°, is obtained from glucononose (Ann. 270, 
107). 

2 and 3. PENTA-, HEXA-, HEPTA-, AND OCTO- 
HYDROXYALDEHYDES AND KETONES 

The long-known representatives of the first class of carbo- 
hydrates, which are produced by hydrolysis from the more complex 
carbohydrates, the disaccharides (p. 721), like sucrose, maltose, and 
lactose, and from the polysaccharides, — e.g. starch, dextrin, cellulose, 
and others, — are pentahydroxyaldehydes and pentahydroxyketones. 
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The most important sugar of the first class is glucose, formed to- 
gether with fructose by the hydrolysis of sucrose. It also occurs as 
the final product of the hydrolysis of starch and of dextrin. Glucose 
and fructose have already been referred to with ethyl alcohol, in 
connection with its formation by alcoholic fermentation (p. 140). 

The aldehyde character of these bodies is inferred from the ready 
oxidation of certain dextroses to monocarboxylic acids, and their 
reduction to hexahydric alcohols. Zinche (1880) was the first (Ber. 
13, 641 Anm.)to suspect that ketone alcohols were represented among 
the hexoses. Kiliani, in 1886, investigating the HCN addition prod- 
nets, proved that glucose must be regarded as an aldehyde alcohol, 
and fructose as a ketone alcohol. Hence, it is customary to distin- 
guish aldoses and ketoses. The same chemist also showed that arabi- 
nose was an aldopentose, and in so doing laid the basis of an extension 
of the idea of carbohydrates. What was lacking was a method of 
synthesis. Sugar-like bodies had already been obtained from form- 
aldehyde (p. 235), but Emil Fischer first demonstrated that a well- 
defined sugar, ot-acrose, could be isolated from it. This, as will be 
observed later, became in his hands the starting-point for the syn- 
thesis of glucose and of fructose. 

By reducing the lactones of the polyhydroxycarboxylic acids to 
hydroxyaldehydes or aldoses, Eischer developed a method for the 
preparation of higher hydroxyaldehydes from the polyhydroxycar- 
boxylic acids obtained synthetically from aldoses by the addition of 
hydrocyanic acid and subsequent hydrolysis. In this way carbo- 
hydrates, containing seven, eight, and nine carbon atoms in the 
molecule, were gradually built up (p. 700). 

The hexoses mostly crystallize badly, and for thek isolation and 
recognition phenylhydrazine and its derivatives were used. This, 
Fischer also discovered, gave the very best assistance. Wohl showed 
how the oximes of the aldoses could be utilized for their degradation 
(p. 673). 

The monose character of a compound is due to its constitution, as 
an aldehyde alcohol, — CH(OH)*CHO, or a ketone alcohol, — CO-CHa*- 
OH, in which the aldehyde and ketone group is directly combined 
with an alcohol group or groups. We thus have monoses containing 
not only six, but also a less or greater number of carbon and oxygen 
atoms. They are named according to the number of the oxygen 
atoms. 

The simplest aldose, glycolyl aldehyde, CHaOH^CHO, is an 
ciModiose. Glyceric aldehyde, CHaOH-CHOH'CHO, and dihydroxy- 
acetone, GHsOH-GO-CHaOH, represent an aUotriose and a ketotriose 
(p. 689), The aldehyde and ketone of erythritol are aldo- and IcetO’ 
tetroses, as just developed imder the pentoses (p. 650). Following the 
latter are the hexoses. In this class belong the real sugars : glucose, 
frudose, and galactose. 

In addition to the long-known hexoses — glucose, fructose, and 
galactose— many others have been discovered through Fischer’s in- 
vestigations. The hexoses will be considered in immediate connec- 
tion with their corresponding hexahydric alcohols. Then follow the 
heptoses, octoses, and nonoses, as well as the oxidation products of 
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these aldehyde and ketone alcohols : the polyhydroxymonocarboxylio 
acids, the polyhydxoxyaldehydrocarboxylic acids, and the polyhydroxy- 
polycarboxylic acids. After the consideration of all these, the higher 
carbohydrates, the disaccharides, and the polysaccharides, which are 
the anhydrides of the hexoses, will be brought together and fully 
discussed (p. 721). 

2 A. PENTAHYDROXYALDEHYDES AND 3 A. PENTAHY- 
DROXYKETONES ; HEXOSES, MONOSES 

Eeferences : Preparation, properties and derivatives of hexoses, see Ahd&r- 
halden, Handbuch der biologischen Arbeitsmethoden, Lfgen. 62, 72, 83 : 0. 
Zemplen, Kohlenhydrate : H. Pringsheim, Zuckerchemie, 1925 : W» N» Haworth, 
Constitution of sugars, London, 1929 : E, F. and K. F, Armstrong, Glycosides, 
London, 1931 ; Constitutional investigation between 1923 and 1926, see J. 
Leihowitz, Z. angew. Chem. 1926, 1143, -1240. 

Occurrence . — Some hexoses occur widely distributed in the free 
state in the vegetable kingdom, especially in ripe fruits. Esters of the 
glucoses (from y?^vxvg, sweet) with organic acids are also frequently 
found in plants. They are called glucosides^ — e.g. salicin, amygdalin, 
coniferin, the tannins, which are dextrose esters of the tannic acids, 
etc. The glucosides are split into their components by ferments, 
acids, or alkalis. 

Forrmtions. — (1) They are formed by the hydrolytic decomposi- 
tion of all di- and poly-saccharides, as well as of glucosides, by fer- 
ments (p. 755) (Ber. 28, 1429), or by boiling them with dilute acids. 
(2) d-Mannose and d-fructose have been made artificially by oxidizing 
d-mannitoL (3) A far more important method pursued in the forma- 
tion of the dextroses is to reduce the monocarboxylic lactones with 
sodium amalgam in acid solution {Fischer^ Ber. 23, 930). (4) Different 
optically inactive hexoses, particularly a-acrose or d2-fructose (p. 699), 
have been directly synthesized by the condensation of formic aldehyde, 
CHaO, and glyceric aldehyde. 

The d?-fructose, prepared in this way by Eischer, is the parent 
substance for the complete synthesis of the naturally occurring man- 
nitol, glucose and fructose. 

Properties . — ^The hexoses are mostly crystalline substances, very 
soluble in water, but dissolving with difficulty in alcohol. They 
possess a sweet taste. The representatives of the hexoses occurring 
in nature rotate the plane of polarization, when in solution, either to 
the left or to the right. The stereoisomers of the more important 
hexoses foxmd in nature have been prepared artificially, and by the 
union of the corresponding dextro- and laevo-forms the optically in- 
active dZ-varieties have been obtained. One of these, dZ-fructose or 
a-acrose^ as previously mentioned, has been directly synthesized. 

Beactions . — ^The hexoses show the general reactions of the alcohols, 
the aldehydes, and the ketones. 

(1) The alcoholic hydrogen of the hexoses can also be replaced 
by metals on treating them with CaO, BaO, and PbO, forming saccha- 
rates, which correspond with the alcoholates, and which are decomposed 
by carbon dioxide. 


* See footnote on p. 672, 
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(2) On treating the alcoholic solutions of the hexoses with a little 
gaseous hydrochloric acid, their ethers result ; glucosides of the 
alcohols (Ber. 26 , 2400 : 29 , 2927) (see p. 689). 

(3) The hexoses combine with aldehydes, particularly with chloral, 
and with ketones, in the presence of inorganic acids, with an accom- 
panying loss of water (Ber. 28 , 2496). 

(4a) The hydrogen of the hydroxyls can be readily replaced by acid 
radicals. A mixture of nitric and sulphuric acids (p. 373) converts 
them into esters of nitric acid (Ber. 31 , 73)— so-called nitro-compounds 
(p. 583). The acetyl esters are best obtained by heating the sugars 
with acetic anhydride and sodium acetate or ZnClg, whereby five 
acetyl groups are thus introduced (Ber. 22 , 2207). The pentabenzoyl 
esters are prepared with even less difficulty, it being only necessary 
to shake the hexoses with benzoyl chloride and sodium hydroxide 
(p. 374) (Ber. 22 , R. 668 : 24 , R. 791). 

The esters of ^-toluenesulphonic acid are very readily obtained 
by the action of p-toluenesulphonyl chloride on the hexoses. The 
hexosephosphoric esters (p. 695) are of great importance as com- 
ponents of the nucleic acids (p. 748) and as intermediate compounds 
in alcoholic fermentation (p. 140). 

Estimation of the entering acyl groups, see Ber. 12 , 1531 : Ann. 
220 , 217 : Ber. 23 , 1442. 

(46) The action of silver oxide and methyl iodide, or of dimethyl 
sulphate and alkali on the hexoses, or on the glucosides referred 
to above (2), leads to the formation of methyl ethers of these 
compounds. 

5. The action of chlorosulphonic acid leads to the formation, as 
in the case of the monohydric alcohols, to the formation of alkyl- 
sulphuric acids (Ber. 17, 2457) : similarly, by the action of chloro- 
formic ester in absolute pyridine, one or more carbalkoxy -groups can 
be introduced (J.C.S. 1926, 1751). 

6. Like other hydroxy compounds, the hexoses react with phenyl 
isocyanate to produce phenylurethanes (Ber. 18 , 2606 : C. 1904, I. 
1068). 

The following reactions depend upon the aldehyde and ke tonic' 
character of the hexoses : — 

1. On reduction they yield the corresponding hexahydric alcohols, 
e.g, (i-mannose and ^-fructose yield d-mannitol, with some rf-sorbitol, 
galactose yields dulcitol, and glucose sorbitol, with some mannitol. 

2. The oxidation of the hexoses is readily brought about by mild 
oxidizing agents, and the hexoses therefore behave as mild reducing 
substances. 

They reduce the salts of the noble metals, with precipitation of 
the metal, and reduce ammoniacal silver solutions in the cold. Their 
property of reducing alkaline copper solutions with the precipitation 
of cuprous oxide is characteristic, and is made use of in their detec- 
tion and estimation. One molecule of glucose precipitates approxi- 
mately five atoms of copper as OugO. Fehling's solution, prepared 
from copper sulphate, sodium potassium tartrate (Rochelle salt) and 
sodium hydroxide is frequently used for the purpose, but Benedicfs 
prepared from copper sulphate, sodium citrate and sodium 
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carbonate has certain advantages. It is less alkaline than Fehling’s 
solution, and is therefore less likely to destroy small amounts of sugar, 
and is also rather less easily reduced by certain other substances such 
as uric acid and creatinine which occur in urine. The oxidation- 
products of the hexoses formed by the action of Fehling’s solution 
varies according to the concentration, and consist partly of penta- 
hydroxycarboxylic acids (p. 711) and partly of acids of lower carbon 
content down to formic and carbonic acids (Ann. 357, 259). 

The hexoses are converted into their corresponding monocar- 
boxyhc acids (p. 711) by moderated oxidation with chlorine and 
bromine water, or silver oxide. The ketoses are more stable than 
the aldoses towards bromine and iodine solutions (see p. 694). 

More energetic oxidation changes them to saccharic or mucic 
acids. 

(3) The aldohexoses in concentrated solution produce a red colora- 
tion in a sulphite-fuchsine solution (Schiff^s reagent). The penta- 
acetyl and pentabenzoyl derivatives of the hexoses no longer show 
this aldehyde reaction (Ber. 21, 2842 : 22, R. 669). 

(4) The aldoses yield mercaptals with mercaptans, in the presence 
of hydrochloric acid (Ber. 27, 673). 

(5) Oximes are produced when alcoholic hydroxylamine acts on 
the hexoses. To break down the aldoses, the acetyl hydroxy-acid 
nitriles, obtained from the aldoximes and acetic anhydride, are split 
into hydrocyanic acid and acetyl pentoses (p. 673) (Ber. 24, 993: 
26, 730). This reaction has more recently been employed in a modi- 
fied form for the degradation of the reducing disaccharides (Ber. 59, 
1254). 

(6o) Osamines are formed when the hexoses are acted on with methyl alcoholic 
ammonia. 

(66) The hexoses and aniline, as well as its homologues, yield the anilides — 
dextrose anilide, CHaOH[CHOH34CH : NCgHg, which form cyanides with HNC 
— e.g, anilidodextrose cyanide, CH20H[CH0H]4-CH*(CN)NHCeH5 (Ber. 27, 
1287). 

(7) Hydrazine converts the aldohexoses into aldazines, and the ketohexoses 
into ketazines (p. 693) (Ber. 29, 2308). 

(8) The compounds formed with phenylhydrazine and its deriva- 
tives are especially important. 

(a) If one molecule of the hydrazine, as acetate, is allowed to act, 
the first product will be a hydrazone, CeHigOg-^N-NH-CsHa). This 
class of compounds dissolves readily in water (with the exception of 
those derived from mannose and some disaccharides, Ber. 23, 2118). 
They generally crystallize from hot alcohol in colourless needles. Cold 
concentrated hydrochloric acid resolves them into their components. 
Benzaldehyde is also an excellent reagent for the decomposition of 
the phenylhydrazones (Ann. 288, 140). 

With cta.-diphenylhydrazine the slightly soluble diphenylhydrazones are 
mainly formed (Ber. 23, 2619, etc.). Benzylphenylhydrazine is very well suited 
for the preparation of pure sugars : the benzylphenylhydrazones are decomposed 
by formaldehyde, whereby the sugar is liberated and fomujM^yde henzylphenyl- 
Uydrazoney m.p. 41% is formed (Ber. 32, 3234). Also, a«.-methylphenylhydrazine, 
bromophenylhydrazine, and jS-naphthylhydrazine have been recommended from 
time to time for the precipitation and separation of the sugars (Ber, 35,4444, etc,). 
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(6) In the presence of an excess of phenyihydrazine the hexoses 
combine with two molecules of it upon application of heat and form 
the osazon&s (E. Fischer) : 

CjHiaOs + SHsN-ME-CjHs =C5Hi„04(N-NH-CeHjh+2Hj0 + CjHs-NHj + NH,. 

Glucosazone. 

In this reaction a hydrazone is first produced, and one of its alcohol groups, 
adjacent to either an aldehyde or ketone group, is oxidized to CO, two hydrogen 
atoms in the presence of excess of phenyihydrazine appearing as aniline and 
ammonia ; the aldehydo- or keto -group, which is formed, reacts further on 
a second molecule of phenyihydrazine. One and the same glucosazone, CH 2 OH- 
(CHOH) 3 *C(N 2 HCeH 6 )*CH(N 2 HC«H 5 ) (Ber. 23, 2118), is thus obtained from 
d-mazmose, d-glucose, and d-fructose. This indicates that the four carbon 
atoms which do not react with phenyihydrazine have the same stereochemical 
configuration. 

The reaction is carried out by adding three parts of phenyihydrazine, two 
parts of 50 per cent, acetic acid, and about twenty parts of water to one part of 
dextrose. This mixture is digested for about one hour upon the water bath. 
The osazone then separates in a crystalline form (Ber. 17, 679 i 20, 821 : 23, 

It is of importance in the separation of aldoses and ketoses that with -alkyl' 
phenylhydrazines, such as a-methylphenylhydrazine, only the ketoses yield the 
yellow methylphenylosazones, whilst the aldoses give the simple colourless hydra- 
zones (Ber. 35, 959, 2626). 

The osazones are yellow-coloured compounds (see Tartrazine, p. 
663). They are usua% insoluble in water, dissolve with difficulty in 
alcohol, and crystallize quite readily. When glucosazone is reduced 
with zinc dust and acetic acid it becomes converted into t^oglucosa- 
mine (p. 700). Nitrous acid converts the latter into Isevulose (Ber. 
23 , 2110). The re-formation of the hexoses from their osazones is 
readily effected by digestion with concentrated hydrochloric acid ; 
they are then resolved into phenyihydrazine and the osones (Ber. 22 , 
88 : 23 , 2120 : 35, 3141) : 

CeH,o 04 (]Sr 2 H-CaH 5)2 + 2 H 3 O = CH 20 H*(CH 0 H) 3 -C 0 -CH 0 -f 
Glucosazone. Glucosone. 

The osones dissolve readily in water, and have not been obtained 
pure. They are also formed from aldoses and ketoses directly by 
oxidation with HgOa in presence of ferrous salts (C. 1902, I. 859), 
They combine, like keto-aldehydes, with two molecules of phenyl- 
hydrazine and form osazones. They are converted into ketoses by 
reduction, as when digested with zinc dust and acetic acid. In this 
way fructose is obtained from glucosazone (Ber. 23, 2121). 

The osones, like all orthodicarbonyl compounds, yield quinoxalines 
(Ber. 23, 2121) with the o-diamines. The hexoses also combine 
directly with the o-phenylenediamines (Ber. 20, 281). 

Synthetic and Degradation Reactions of the Hexoses. 

(1) Synthesis. — i^ing aldehydes or ketones, the hexoses combine 
with hydrocyanic acid, forming cyanohydrins, which yield monocar- 
boxylio acids (p. 715). Their lactones can in turn be reduced to 
aldoses^ by means of sodium amalgam, whereby the synthesis of the 
next higher monose is achieved. Usually in the hydrogen cyanide 
addition the nitriles of both the acids possible theoretically are pro- 
duced, but not in equal amounts. 
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These two reactions make possible the genetic connection of the following 
aldoses (Ber. 27, 3192) ; 


Z-Arabinose- 


Z-X y lose — 

Rhamnose- 
d -Mannose 


d-Dextrose- 


d-Galactose* 


Z-Mannose 


^ Z-Glucose 
^ Z-Idose 

^ Z-Gulose 
-> d-Rhamnohexose 
d-Mannoheptose 

^ a-Glucoheptose 

j8-Giucoheptose 
^ a-Galaheptose 

j8-Galaheptose 


■> Z-Mannoheptose 



Rhamnoheptose Rhamno-oetose 
d-Manno-octose -> d-Mannononose 
a-Gluco-octos© Glucononose 

jS-Gluco-octose 


Galaoctose 


2. The degradation of the aldohexoses to the aldopentoses, either 
through their oximes {Wohl) or by the action of hy^ogen peroxide 
on the gluconic acids, has already been discussed (p. 673). The degra-^ 
dation can also be brought about by the action of sodium hypochlorite 
on the amides of the monocarboxylic acids (Rec. Trav. Chim. 37, 16). 

A modified method has be^n used for the degradation of the reducing 
disaccharides (p. 723 : Zemplen, Ber. 59, 1254). 

(3) The behaviour of the hexoses with alkcdis, such as the hydroxides of 
sodium, calcium, lead, zinc, etc., is noteworthy. Dilute alkalis strongly depress 
the optical rotation of the naturally occurring hexoses, as a result of partial 
isomerization to the stereomeric aldoses and ketoses as far as the point of equili- 
bri\im (see Ber. 28, 3078 : Ann. 357, 294). Mannose, glucose, and fructose 
yield a mixture of these three hexoses, together with ^-lavulose and glutose (or 
3-ketohexose ?) ; similarly, galactose may yield Z-sorbose, cZ-tagatose, talose, and 
galtose (or 3-ketohexose ?), 

Longer action of alkalis decomposes this mixture of hexoses mainly into 
lactic and other acid (Ber. 41, 1009). It is probable that the formation of lactic 
acid results from the initial formatioh of glyceraldehyde, which loses oxygen and 
is changed into methylglyoxal (p. 400), which in turn changes into lactic add .* 
CH*(OH)CH(OH)CH(OH) 


CH2(OH)CH(OH)CO 2CH2(OH)CH(OH)-CHO ^ 

3-Ketohexose (see above). Glyceraldehyde. 


2CHsCO-CHO > 2CH3CH(0H)C00H 

Methylglyoxal. Lactic acid. 

The formation of methylglyoxal, according to the above scheme, is made 
the more probable by the action of zinc ammonium hydroxide on dextrose, pro- 
ducing methylglyoxaline, which is presumably formed from methylglyoxal and 
ammonia (p. 399) (Ber. 39, 3886). 

The formation of methylglyoxal in muscle and its immediate dismutation 
into lactic acid is discussed in Z. physiol. Chem. 161, 254. 

In addition to the products of reaction between hexoses and alkalis, there 
are also formed — ^particularly when lime-water is employed — saccharic acids 
(p. 676), the production of which results partly from an intra-molecular wandering 
of oxygen, and also in a change of the form of the normal carbon chain (c/. 
Ann. 357, 294: Ber. 41, 469, 1012). 

If air be passed through an alkaline solution of the hexoses, or if H 8 O 2 be 
added, formic acid is formed, together with higher non-volatile acids ; the 
production of the former acid is explained by partial decomposition of the 
hexose into formaldehyde and the oxidation of the latter into its acid (Ber. 39, 
4217) (^e also p. 684 : Fehling^s solution), 

4. All hexoses are converted on heating with concentrated sul- 
phuric acid into laevulinic acid, whereby they are sharply differentiated 
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from the pentoses, which under similar treatment jdeld furfural (see 
p. 672). 

The mechanism of the formation of IsBvulinic acid is explained by 
Fummerer (Ber. 56, 999) on the basis of the behaviour of furfur- 
alcohol. The first intermediate is the compound hydroxymethylfur- 
fural (Chem. Ztg. 1895, 1004) which on opening the ring loses formic 
acid and forms the hydroxyketoaldehyde (I) which undergoes intra- 
molecular change with the formation of Isevulinic acid : 


H-COH 


CH^OH— C<. 


OH HO:C=H;--CHO 




CHa— CO COOH 
Lsevulinic acid. 


CH— CH 

— ^ II II 

CHjOH— C C— CHO 

\/ 

o 

Hydroxymethyifurfural. 
CHj— CHj'^ 

I I + H-COOH. 
CH,OH— 0=0 CHO 
( 1 ) 


5. Fermentation of the Hexoses . — characteristic of the hexoses is 
their ability to ferment with the production of various compounds 
by the action of yeasts, moulds and bacteria. The more important 
fermentations are mentioned below : for further information consult 
Harden in System of Bacteriology, I. 217 (London, 1929) ; Raistrick, 
FUl Trans. 1931, [B] 220, 1-367 (Moulds) : 


(o) Alcoholic fermentation of hexoses, which is brought about by yeasts, is 
the most important of these processes, and has been discussed on p. 140. Of the 
aldoses, d-glucose, d-mannose and d-galactose and of the ketoses d-fructose are 
fermented. The other hexoses are not attacked by yeast (Ber. 27, 2030). 

(6) Lactic acid fermentation of various carbohydrates, which can be repre- 
sented by the equation ; 

CgHjgOg " ^ SCsHgOj 

is brought about by a large number of organisms. It is probably due to the 
intermediate formation of methylglyoxal (see under alcoholic fermentation, 
p. 140), which then undergoes dismutation by the enzyme glyoxalase to lactic 
acid. In some cases lactic acid is formed in almost quantitative yield : the acid 
produced is usually the inactive dZ-acid, but some organisms, e.g, B, delbriXcki, 
produce an optically active Z-lactic acid. In other cases, the yield of lactic acid 
is not quantitative, but other compounds are formed. For instance, with 
B. eoU and B. typhoaua formic acid is also produced, but whereas with the former 
organism this is lately broken down into CO 2 and hydrogen, the latter organism 
is incapable of doing this and formic acid accumulates in the medium. 

The property of forming acid and/or gas in culture media containing various 
carbohydrates is made practical use of in the classification of certain groups of 
bacteria. 

Another compound formed along with lactic acid by certain organisms, e.g. 
B. Irntis aerogenes, is j?y-butylene glycol, a certain amount of acetylmethylcarbinol, 
CH5*C0'CH(0H)*CH3, being simultaneously produced. The formation of the 
ketone is due to the condensatioir of two molecules of acetaldehyde imder the 
action of the enzyme carboligase, the glycol being formed by reduction : 

CHa-CHO + CHO-CHa > CH3-CH(OH)-CO-CH3, 

(c) Propionic Acid Fermentation. — ^Micro-organisms occur in milk and cheese 
which have the property of producing a mixture of propionic (2 mols.) and 
acetic (1 mol.) acids together with COg, from certain hexoses, and also from other 
compouncfe such as lactic acid and glycerol. The mechanism of this mode of 
fermentation is not quite settled : according to Virtanen a phosphoric ester of the 
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sugar is produced, which then forms lactic acid, the latter breaking down accord* 
ing to the equation ; 

3C3H6O3 >2C,He02 + C3H4O2 + CO2 + ha 

but according to van Niel methylglyoxal is the intermediate. 

{d) Butyric Fermentation ^ — ^Another group of organisms has the power of 
forming butyric acid or butyl alcohol from substrates such as glucose or glycerol. 
Thus B, butylicus, Fitz. produced 26% of butyric acid from glucose, and 19*6% 
of butyl alcohol f^m glycerol. It would appear that the aldol of pyruvic acid : 

CH3*C(0H)*C00H 

I 

CHjj*CO*COOH 

is the intermediate product. Higher homologues of butyric acid are also obtained 
in small yield. 

Another group of organisms, B* amylobacter, has the property of fermenting 
starch with the formation of large amounts of butyl alcohol and acetone, and this 
process is used on the large scale for the manufacture of these solvents. 

(e) Citric acid is obtained by the fermentation of glucose by certain fungi 
(see p. 664). 


Constitution of the Hexoses 

The reactions alreacfy described offered evidence that in the hexoses 
there was an unbranched chain of six carbon atoms (reduction to 
7i-hexyl iodide) which contained five hydroxyl groups (formation of 
pentaacetyl derivative) and an aldehyde group (reaction with phenyl- 
hydrazine and hydroxylamine), and these reactions suggested the 
formula (I) which for a long time was used to represent the aldo- 
hexoses. 

CHjOH'CHOH-CHOH-CHOH-CHOH-CHO. (I) 

Further investigation, however, showed that this formula was not 
in entire agreement with all the experimental facts. Tollens, in 1883, 
had already noted the fact that the hexoses in ordinary concentra- 
tions did not redden a fuchsin-sulphurous acid solution (c/. E. Fischer, 
Ber. 45, 461, note) and explained this discrepancy by a ring formula 
(II), isomeric with the above. 

CHaOH*CHOH*CH*CHOH*CHOH*CHOH. (n) 


Subseq^uent investigations have confirmed the idea that in the 
hexoses there exists no normal aldehyde group ; thus the reaction 
of Angeli with dihydroxyammonia (see p. 230) which is a typical 
aldehyde reaction, does not occur : investigations with simpler com- 
pound shows that this reaction does not occur with hydxoxyalde- 
hydes containing the hydroxyl group in the y- or 5-position relative 
to the aldehyde group. 

The formation of glucosides also differentiates the hexoses sharply 
from the aldehydes. In contradistinction to the latter, the hexoses 
form semi-acetals (only one alkyl group is introduced) when hydrogen 
chloride is led into an alcoholic solution. This is explained by assum- 
ing that the second valency of the aldehyde oxygen atom is engaged 
in an internal oxide ring, which explains at the same time the unique 
properties of the fifth hydroxyl group (the glucosidic hydroxyl). 

The normal hexoses contain an amylene oxide (1 : 5 or 2 : 6) ring : 
less stable forms contain a butylene oxide (1 : 4 or 2 : 5) ring. For 
VOL. I. VY 
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the latter labile isomer the designation ^e^ero-sugar (A-glucose) (Ber. 
58, 1842) is largely used in Germany : in the English-speaking coun- 
tries the term y-sugar is largely employed. This term originally 
applied to a third glucoside, derived from an isomeric sugar, which 
differed from the already known a- and jS-glucosides. Fortuitously, 
the y- in the light of more recent knowledge is also applicable to the 
y- oxide ring which occurs in such sugars. More recently (Haworth) 
the designation ^yranose (I) and fura7iose (II) has been suggested for 
the normal and labile forms, as they contain respectively a p^ran 
(six-membered) carbon-oxygen ring and a furan (five-membered) ring. 
The terms pyranose and furanose will be chiefly used in the following 
pages. 

GH^OH CH^OH 


CH O 


CHOH 


/ 

CHOH 




HOH 


\hOH— CHOH 

Pyranose formula. 


CH 

CHOH— CHOh/' 
Furanose formula. 




OH 


The ring formula for the hexoses, which contain an asymmetric 
carbon atom additional to those of the open aldehyde form, affords 
an explanation for the existence of two d-glucoses (a- and j8-glucose), 
of the two methylglucosides and of two forms of pentaacetylglucose, 
and for the long-hnown phenomenon of mutarotation. This additional 
asymmetric carbon atom enables all hexoses to exist in two stereo- 
isomeric forms (a- and /S-series). These are capable of separate 
existence in the solid state, but in solution an equilibrium establishes 
itself with measurable speed between the a- and )S-forms and the 
open aldehyde form, which can be demonstrated by a change of the 
optical activity of a solution with time (Mutarotation). 


H-C-.OH 


HC=0 


H-C-OH 

i 

HO-C-H 

1 

H-C'OH 


H*G- 


CHgOH 

a-Glucose. 


HC-OH 

I 

HOC-H 

I 

HC-OH 

I 

HC-OH 

I 

CH^OH 
Aldehyde form. 


HO-C-H 

I" . 

H-C-OH 

HO-C-H O 
I 

H-C-OH 

I 

H-C 

I 

CHjOH 

^-Glucose. 


The cyclic forms and the open aldehyde form are related to each 
other as tautomeric compounds (see p. 389). If the minute amount 
present of the aldehyde form is removed, as, for example, by means 
of phenylhydrazine, a fresh proportion of the aldehyde form is formed 
to restore equilibrium ; this is then attacked by the reagent, and in 
effect the total amount of the hexose behaves as if it existed in the 
aldehyde form. 

The experimental determination of the position of the internal 
oxygen linkage is of the greatest importance. The method is based 
on the stabilization of the alcoholic hydroxyl groups, by converting 
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them into methoxy groups by one of the methods already described 
(p.^ 684). The tetramethylhexoses so obtained are converted by 
oxidation, through the tetramethylhexonic acids, to smaller molecules, 
from whose constitution the constitution of the original hexose can 
be calculated. The basis of this method is the assumption that under 
the conditions of experiment the position of the oxide ring is un- 
changed and there is no migration of any methyl group (J.C.S. 1927, 
3136). The following scheme represents the findings in the case of 
tlie most important hexose, c^-glucose. 


HC—OH 

h-c-oiT^ 

I 

HO-C-H 
! 

HCOH 

1 

H-G 

I 

CH.OH 


O 


Methylation 
^ 


H-COH 

I 

HC-OMe 

1 

MeO-G-H 


coon 

H*c-o:vre 
1 


Further oxidation 
^ 


.1 I 

H-C*OMe I 
i I 

n*c ' ! 

i 

CH^OMo 

( 1 ) 

COOH 

I 

H-C-OMe 

I 

MeO-C-H and 

H-C-OM© 

I 

COOH 

(II) 


I Oxidation 

0 y MeO-O-H 

1 I 

I H-C-OMe 

j 1 

! TI-C-OH 

1 

CH.OMe 

coon 


H-C-OMe 

I 

MeO-C-H 

I 

COOH 

(in) 


The energetic oxidation of ordinary tetramethylglucose (I) yielded 
inactive xylotrimethoxyglutaric acid (II) together with d-dimethoxy- 
succinic acid (III) whereby the 1 : 5-pyranose structure for normal 
glucose is deduced (Nature, 116, 430 : J.C.S. 1926, 350). Similar 
deductions form mannose, J.C.S. 1927, 3136 : galactose, J.C.S. 123, 
1808 : 125, 2468 : 127, 348 : Ber. 59, 100 : fructose, J.C.S. 1926, 
1858. 


2 A. ALDOHEXOSES 

(1) Mannose, CeHiaOg, is the aldehyde of mannitol, and exists 
in the three forms, d-, I- and dE-mannose, derived from the ordinary 
pjrranose formula. Derivatives of the furanose sugar (1 : 4-oxide 
ring) are also known (J.C.S. 125, 1343). Configuration of mannose, 
see p. 704. Evidence for 1 : 5-ring, see J.C.S. 1927, 3136 : J. Biol. 
Chem. 72, 627. 

d-Mannose, seminose, m.p. 136°, was first prepared by oxidizing 
ordinary d-mannitoi, together with d-fructose, with platinum black 
or nitric acid (Ber. 22, 365). It is also obtained from salep mucilage 
(from salep, the tubers of certain orchids), and most easily from 
seminin (reserve-cellulose), occurring in different plant seeds, par- 
ticularly in the shells of the vegetable ivory nut, when this is boiled 
with dilute sulphuric acid (hence called seminose) (Ber. 22, 609, 3218). 
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J-Mannonic acid yields it upon reduction. It reduces Fehling’s solu- 
tion, and is fermented by yeast (Ber. 22 , 3223). When treated with 
alkalis it changes partly to d-glucose and d-fructose (p. 698). 

Pentaacetyl-d’Tnminose, a-form, iri.p. 75°, [oijn + 55° (CHCI3) (J. Biol. Chem. 
72, 627) ; j3-form, m.p. 13^°, [a]i> - 24*3° (CHCI3) (Ber. 46, 4029). The j8-form 
is converted into the a- by anliydrous stannic chloride (Ber, 61, 142). cc-Methyl- 
d-7nan720side, CeHnOe-CHs, m.p. 190°, [af® + 79*2° (Ber. 29, 2928 ; 54, 1567). 
Fentanitrate, m.p.' 81° (Ber. 31, 76). Tetrameihyl-OL-methylmanmside, m.p. 38°. 

Fhe^iylhydrazonet C3H22O5 : N-NHCgHj, m.p. 195°, is sparingly soluble in 
water, and regenerates, when treated with benzaldehyde, pure mannose (Ber. 
29, K. 913). The oaazone is identical with glucosazone {q.v.). Mamix)se oxime, 
m.p. 184° (Ber. 24, 699). 

2:3:5: Q-Diacetonemannoae, m.p. 123°, Ca]^Hg yeiiow + 14*3° (tetrachloro- 
ethane), is a derivative of y-mannose (1 : 4-oxide ring) (Ber. 56, 2125 : 58, 2590). 

Mannose is reduced by nascent hydrogen to mannitol, by oxidation with 
bromine converted into d-mannonic acid, and with hydrogen cyanide yields the 
nitrile of mannoheptonic acid (see p. 715). 

Z-Mannose resets when Z-mannonie lactone is reduced (p. 7 1 2 : Ber. 23,373 ). 
It is very similar to the preceding compound, but is Isevorotatory, and is fer- 
mented with more difficulty. Its phenylhydrazone, m.p. 195°, also dissolves with 
difficulty. Excess of phenylhydrazine yields Z-glucosazone. It becomes con- 
verted into Z-mannitol by reduction (Ber. 23, 375). Methyl-l-inannoside, m.p. 
190°, [a] = - 79-4° (Ber. 29, 2929). 

dZ-Mannose is formed (1 ) by the oxidation of a-acritol or dZ-mannitol (p. 680), 
which can be obtained by the reduction of synthetic a-acrose or dZ-fructose ; 
(2) by the reduction of inactive dZ-mannonic lactone ; (3) by the splitting of a 
mixture of d- and Z-mannose phenylhydrazones by formaldehyde (C. 1903, 
I, 1217). It is quite similar to the two preceding compounds, but is inactive. 
Its phmylhydrazo7iet m.p. 195°, dissolves with difficulty, and is inactive. Its 
osazone is dZ-glucosazone, identical with a-acrosazone. 

Yeast decomposes it, the d-mannose is fermented, and Z-mamiose remains 
(Ber. 23, 382). Methyl-dX-mannoside, m.p. 165°, is obtained from the solution 
of equal quantities of its components at 15°. Below 8° the components crystallize 
out separately (Ber. 29, 2929). 

(2) Glucose, OeHigOg, is the aldehyde of sorbitol, and occurs as 
d-, h, and inactive dZ-glucose. 

d- Glucose, dextrose, or grape sugar, occurs (with fructose) in 
many sweet fruits and in honey ; also in the urine in diabetes mellitus. 
It is normally present {about 0-1%) in blood, but its concentration 
in the blood is greatly increased, in diabetes melKtus. It is formed 
by the hydrolytic decomposition of polysaccharides (sucrose, starch, 
cellulose) and glucosides. It is prepared on a large scale by boiling 
starch with dilute sulphuric acid (see Ber. 13, 1761). The synthesis 
of glucose has been achieved by the production of glucose in the 
reduction of the lactone of d-gluconic acid (see p. 713). 

Commercial dextrose is an amorphous, compact mass, containing 
only about 60% dextrose, along with a dextrin-like substance, gallisin, 
which is not fermentable (Ber. 17, 2456). 

The best method for preparing pure crystallized glucose consists 
in adding to 80% alcohol mixed with volume of fuming hydro- 
chloric acid, finely pulverized sucrose, as long as the latter dissolves 
on shaking (J. pr. Chem. [2] 20 , 244). 

Glucose crystallizes from water at the ordinary temperature, or 
dilute alcohol, in nodular masses, with one molecule of water, which 
melt at 86® and become anhydrous at 115®. At 30-35® it crystallizes 
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from its concentrated aqueous solution, and from its solution in ethyl 
or methyl alcohol, in anhydrous, hard crusts (Ber. 15, 1105). 

Dextrose is not quite as sweet to the taste as sucrose, and is 
employed to '' improve ” wines. 

a- and fi-Glucose. — Ordinary crystalline glucose is a-glucose and 
shows an initial rotation of [a]i> + 106° in aqueous solution. The 
specific rotation, however, fails on standing, and eventually reaches 
a constant value of + 53°, the solution now containing an equilibrium 
mixture of a- and jS-glucose. Pure /S-glucose has an initial specific 
rotation of 4- 19*8°, but its specific rotation rises to the same equi- 
librium value of 53° {Mutarotaiion), a-Glucose can be converted into 
the jS-compound by heating in pyndine (Ann. 353, 106) or glacial 
acetic acid (J.A.C.S. 39, 329) solution, and can be obtained crystalline 
from such solutions under appropriate conditions. 

The constitution of a- and jS-glucose differs in the configuration 
of the 1- (aldehyde) carbon atom, as shown by the following reactions. 
a-Glucose gives on dehydration glucosan, whereas /S-glucose gives 
laevoglucosan (see Ber. 46, 2612 : Helv. Chim. Acta. 3, 649) : 


H-i-OH 
I 

HCOH 

1 . 

HO-CH 

H-C-OH 

I 

HC ; 

1 

CHjOH 
a- Glucose 


H-C/ 

I 

H-C-OH 

I 

H-C 


CHjOH 
-> Glucosan. 


I 

HOCH 

I 

H-C-OH 

I 

HO-CH 

I 

H-C-OH 


H-C“ 


CH^OH 

jS-Glucose 


~C-H 


O 


H-C-OH , 

1 O 

HO-O-H 
I 

H-C-OH 

1 I 

H-C 


-CHa 


- L»voglucosaii. 


y -Glucose {Gluoofuranose), — A. derivative of this sugar, with a 
1 : 4-oxide ring, is y-methylglucoside (Fischer, Ber. 47, 1980 : see 
p. 694). 


Nitrogen derivatives of glucose. Syn- and anti- (a- and jS-) 
d-Glucose phenylJiydrazones, m.pp. 160° and 141°, are laevorotatory 
(Ann. 362, 78). 

d-Glucosazone, a-variety, m.p. 145° ; ^-variety, m.p. 205° (Ber. 
41, 75), is Isevorotatory in aqueous solution. It is also obtained from 
d-mannose and d-fructose, as well as from glucosamine and ^50gluco- 
samine. Concentrated hydrochloric acid converts glucosazone into 
phenylhyc^azine and glucosone, CgHioOe (p. 686) ; which regenerates 
glucosazone with two molecules of phenylhydrazine. It is a non- 
fermentable syrup (C. 1902, I. 895), and if it be reduced with zinc 
and acetic anhyMde, is converted into d-fructose (Ber. 22, 88). 

d-Glucoseoxime, CeHiaOg : NOH, m.p. 137®, by the action of acetic anhydride 
and sodium acetate yields pentaacetylglueononitrile (p. 713) from which arabinose 
has been isolated (p, C73). This action is the basis of Wohl’s method for the 
degradation of the aldoses. Reduction to d-glueamine, see p. 681. 
d-Olucose semicarbazoiie, m.p. 175° (decomp.) (Ber, 31, 2199, note), 
d-Qlucosealdazinet CsHnOg-CH : N-N : CH-CgHnOg, is very hygroscopic 
(Ber. 29, 2308). 
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d-GlucosemninoguwiidbiechloridetC^^zOBO^^ii'KClj m.p. 165°, is obtained 
from glucose and aminoguanidine hydrochloride (Ber. 27, 971). 

Glucose is converted, by reduction with sodium amalgam, into d^sorbitol 
with some d-mannitol and by acid oxidation into d-gluoonic acid and d-saccharic 
acid. Alkalis convert it partly into d-mannose and d-fructose (Ber. 28, 3078) 
together with i/i-fructose and glutose (p. 687) ; prolonged action of alkalis pro- 
duces lactic and other acid products (p. 687). 

Milk of lime converts glucose partially into saccharinic acid (p. C76). Alkalis 
and benzhydrazide break up the glucose molecule, and form the benzoylosazono 
of glyoxal and methylglyoxal (Ber. 31, 31). Ammonium zmo hydroxide gives 
methylglyoxaline (p. 399). For the products of alkaline oxidation of glucose, 
see pp. 684, 687, and Ber. 27, R. 788. 

Estimation of Glucose^ — ^Many methods for the estimation of glucose are used, 
for details of which see textbooks of Biochemistry. A number of methods 
depend upon the reduction of an alkaline copper solution, the cuprous oxide 
formed being then estimated by various methods. The greater reactivity of 
aldoses towards an alkaline hypoiodite solution is made use of in the deter- 
mination of glucose in presence of fructose by Willstatter and Schudel (Ber, 
51, 780). 

Saccharates. — ^With barium and calcium hydroxide solutions dextrose forms 
saccharates, like C 8 Hx 20 e*CaO, and CgHiaOg'BaO, which are precipitated by 
alcohol. With NaCl it forms large crystals, 2CeHi206'NaCl + H 2 O, which some- 
times separate in the evaporation of diabetic urine. 

Alkyl d-Glucosides. — The glucosides are the ether-like derivatives of the 
glucosidic hydroxyl group of the sugars. Those of dextrose particularly are 
frequently foimd in the vegetable kingdom. They generally contain the residues 
of aromatic bodies, and therefore will be discussed later. The simplest gluco- 
sides are the alkyl glucosides, which are produced in the action of HCI on alco- 
holic sugar solutions (Ber. 28, 1151). Fehling’s solution and phenylhydrazine 
at 100® do not affect the alkyl glucosides. However, they are decomposed into 
their components when boiled with dilute acids, or by ferments (p. 756). 

a- and p-Methylglucosides, C.H„0 ^•CHa, m.pp. 165® and 107®, are stereo- 
chemically different, the a-compound being dextrorotatory [a]i> == + 167*6°, 
the i?-body being Isevorotatory [a]i> = — 31*85° (Ber. 34, 2899) (configuration, 
see p. 690). They are formed together by the action of hydrochloric acid and 
methyl alcohol on dextrose, and can also be obtained from a- and jS-aceto- 
chloro- or bromo -dextrose, methyl alcohol and silver carbonate, and hydrolysing 
the resulting tetraacetylmethylglucoside. jS-Methylglucoside is formed from 
dextrose, dimethyl sulphate and alkali (Ber. 34, 957, 2885 : C. 1905, I. 1593). 
The a-compound is decomposed by invertin, but not the j8-substance, which, 
however, is attacked by emulsin (Ber. 27, R. 885 ; 27, 2479, 2985 ; 28, 1145). 
If a-methylglucoside be alkylated by means of silver oxide and iodomethane in 
methyl alcohol there is formed, among other compounds, tetramethyl-oL-methyU 
glucoside, b.p. 145®/! 7 mm. : the latter on hydrolysis yields 2:3:4: G-tetra- 
methylglucose, m.j). 89°, b.p. 182-1 85°/26 mm. 

y-Methylglucoside {methylglucofuranoside) was obtained by Fischer (Ber. 
47, 1980) as a by-product in the preparation of a- and j8-methylglucosides, and 
is a structural isomer of the latter containing a 1 : 4-oxide linkage. y-Methyl- 
glucoside (which probably consists of a mixture of two stereoisomers) (J.C.S. 
107, 524) is differentiated fi'om the ordinary glucosides by the following reac- 
tions : — (1) It is more rapidly oxidized by cold alkaline permanganate. (2) It is 
hydrolysed by the most dilute mineral acids. (3) It is very readily converted 
into a monoacetone compound. This reaction first observed with y-methyl- 
glucoside seems to be a general property of furanose derivatives. a-Methyl- 
glucofuranoside has recently (J.C.S. 1932, 2254) been obtained crystalline; 
unlike the impure substance, it does not instantaneously reduce permanganate. 

p-Phenylglucosidcs CgHnOs’CeHg, m.p. 175°, is obtained from j5-aeetochloro- 
glucose and sodium phenate (Ber. 34, 2898). 

a- and P^Pmiaaceiylglncose, m.p. 112®, [a]i> + 101*6°, andm.p. 131°, [a]» + 3°. 
Preparation of partially acylated sugars, see Ber. 51, 321. 

a- and p-Peniabenzoylgiucose (1 ; 6 ring), m.p. 155-157®, falo 4- 107*6® ; m.p. 
187®, [aJi, + 23*7® (Ber. 51, 321). ^ 
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a- and ^^Pentabenzoyl^y glucose (1 : 4 ring), m.p. 120\ [ajD + 58-6° : m.p. 151°. 
[a]x> - .52-6° (Ber. 60, 1488). 

a.'-Acctochloroglucose* C8H70(0Ac)4Cl (formerly S-acetochloroelucos©), m.p. 
74'\ [ajo 4- 165-8° (CCI4), ^ 6 ; f 

P'-AcetocJiloroglucosey* m.p. 99°, [otlu — 17-4°, is obtained from a'-acetobromo- 
glucose by reaction with silver chloride (Bor. 61, 287). 

(x,'-Acetobromoglucose * (formerly jS-acetobromoglucose), m.p. 89°, [a]j> + 199° : 
p'-acptobromoglucose has not yet been obtained (Ber. 61, 289). 

The above compounds are closely related to the a- and j8-alkylglucosides 
and have similar formulae, a- and jS-Pentaacetylglucose, which have entirely 
lost any aldehyde character, are formed from glucose and acetic anhydride in 
the presence of zinc chloride, sodium acetate or pyridine : the jS- compound is 
converted into the a- by the action of zinc chloride or anhydrous stannic chloride 
(Ber. 61, 137). If the pentaacetyl compoimds are treated with liquid HCl or 
HBr, one acetyl group is replaced by halogen and the a'-acetobromo- or -chloro- 
glucoses result (Ber. 34, 2886). The a'-acetohaiogenglucoses were first obtained 
by acting on glucose with acetyl chloride or bromide, the a'-chloro- compound 
being also obtained from j8-pentaac©tylglucose by the action of phosphorus 
pentachloride and aluminium chloride or anhydrous stannic chloride (Ber. 61, 
140). The jS'-acetohalogenglucoses are very readily converted into the a'-com- 
pounds, and consequently can only be obtained under very special conditions 
(Ber. 61, 140) or not at all (jS'-acetobromoglucose). The acetohalogenglueoses 
are characterized by the ready reactivity of the halogen atom, which can be 
readily replaced by an acetyl or alkoxy group or by the nitrate group O'NOa : 
the product of the latter replacement is the well-crystallized acetonitroglucose, 
C6H70(0Ac)4-0N02, m.p. 151°, which can also be obtained from pentaacetyl- 
glucose and nitric acid (Ann. 331, 381). By treating the acetohalogenglucose 
with methyl alcohol in the presence of silver carbonate, the methylglucosidea 
are obtained (Ber. 34, 957). The configuration of the halogen compound cannot, 
however, be deduced from that of the glucoside, as a Walden inversion usually 
takes place in this reaction. 

The compounds are represented by the following structural formulae, the a- 
aud ^-compounds being stereoisoraerides (p. 690) Ber. 34, 957, 2885, 3205: 
35, 853 : C. 1902, I. 180) : 


CH-OCHg 

1 I 

HO-C-H 0 

1 

H-C-OH 

I 

H-C 

I 

CH2OH 

JMethylglucosides. 


CH-OAc 

|\ 

H-C-OAc , 

I I 

AcOG-H 0 

I 

H-C-OAc 

( 

H'C ! 

I 

CH2OAC 

Pentaacetylglucoses. 


CH-Cl(or Br) 

r 


H-C-OAc 

1 

AcO-C-H 

1 

H-C-OAc 


1 


i I 

H-C ' 

1 

CHjOAc 

Acetohal ogenglacoses. 


Glucosephosphoric Esters. — Glucose-Z- or -4rphosphonc acid, [a]n 4- 30*7°, 
is obtained from glucosediacetone and phosphoryl chloride in absolute pyridine 
(J. Biochem. (Japan) 6, 31). Qlucosediphosphoric acid: Biochem. Z. 32, 173. 

Hoxosephosphoric esters are formed as intermediates in alcoholic fermenta- 
tion. According to Harden and Young, who first directed attention to this, 
the formation of the zymophosphato (hexosediphosphoric acid) in the course of 
fermentation occurs according to the scheme (c/., however, p. 141) : 

2CeHi20e + 2K2HPO4 >2002 -f 2C2H5OH -f 2H2O + C 6 Hio 04 (P 04 K 2 )a. 

The capacity of yeast to bring about this esterification seems to depend upon 
the presence of the enzyme complex : cozymasc + apozymase (Biochem. Z. 
161, 244). 

Phosphoric esters of substituted glucoses, see J. Biol. Chem, 48, 233. 
Nitrogenous glucosides have been obtained synthetically from acetobromo- 


♦For nomenclature, see Ber. 59, 1588. 
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glucose and purine and pyrimidine bases (Ber. 47, 210, 1058, 1404, 1390) : these 
compounds are closely related to the nucleic acids {q.v.), 

Triaceto-\ :%~dihromoglucose-<\ is obtained from Isevoglucosan and 

phosphorus pentabromide (Helv. Chim. Acta. 5, 187). 

Methyl Ethers of Glucose. — ^These are obtained by the methylation of 
glucose by means of methyl iodide and silver oxide or of methyl sulphate and 
alkali. The methyl ethers of the methylglucosides are the products, and the 
methylglucoses obtained by splitting-off of the glucosidic hydroxyl. They are 
partially distillable in a high vacuum without decomposition. 

Tetmmethyl-CL-methylglucoside, a ssnnip, b.p. 108°/0’1 mm. : 2 ; 3 : 4 : 6- 
tetramethylghicose- <l :5>, m.p. 88-89% [a]i> + 83® (C. 1926, I. 881). 

2:3:5: Q-Tetramet'hylgluco$e-<l : 4>, b.p. 122°/0‘05 mm., is a derivative 
of y-glucose (glucofuranose) and is obtained by methylation of y-methylglucoside. 

Mono-, di- and trimethylglucoses are usually obtained from the appropriate 
acetoneglucoses (see Ann. 440, 1 : Ber. 58, 1647 : J. Biol. Chem. 70, 343). 

Q-Triphe7iylmethylglu€ose-<l : 5>, [a]© + 59*6° > + 38® (Ber. 58, 872), 

is formed from glucose and triphenylchloromethane in absolute pyridine : it is 
of value for the introduction of groups into the 6 -position in glucose. 

Glucal, CHaOH'CH-CHOH'GHOH-CH ; OH, is obtained from acetobromo- 

! o I 

glucose by reduction with zinc and acetic acid, triacetylglucal (m.p. 
54-56®, [a]ij — 15*7®), being an intermediate product, which is hydrolysed 
by alcoholic ammonia to glucal (Ber. 54, 450). Glucal has m.p. 60° 
(indefinite) and only causes minimal reduction of Fehling’s solution. 2-De8oxy‘ 
glucose, CHaOH-CH-CHOH-CHOH-CHa-CHOH, m.p. 148®, [a]i, -f 46*6®, is 

I o 1 

obtained from glucal by the addition of water through the action of dilute sul- 
phuric acid ; it fonns a phenylhydrazone, and glucosides, and is not fermented 
by yeast. Eydmglucal, m.p. 86-87®, [a]® 16*3°, is formed by the catalytic 

hydrogenation of glucal. 

Aidiydroglucoses. — (1) E. Fischer’s anhydroglucose, m.p. 118®, [ajn -f 63*9° 
(Ber. 45, 457, 3763). 

(2) Ghioosan. — \ i^-Anhydro-d-glucose^Kl i &> (Formula, see p. 693), m.p. 
109®, [a3» + 69*8° : formed by heating a-glucose in vacuo at 150-165° (Compt. 
rend. 171, 243 : Helv. Chim. Acta. 3, 640), is smoothly fermented by yeast 
containing cozymase (Z. physiol. Chem. 170, 23). 

(3) Lcevoglucosan* — 1 : Q-Anhydro-p-glucose-Kl : 5> (Formula, see p. 693), 
m.p. 179*6°, [a]® — 67*25®, from cellulose, starch or jS-glucose by heating in vacuo 
at 200-300°, or from acetobromoglucose and trimethylamine (Helv. Chim. Acta. 
4, 819). Is not fermented by yeast. 

Qlucosyl chloride : from glucosan and concentrated hydrochloric acid. 

d‘Glucose mercapial, m.p. 127®, is obtained from d-glucose, 

mercaptan, and HCl. d-Glucose ethylene mercapial, CgHiaOj : SaCjH^, m.p. 143°. 
d-Ghicose trimethylene mercaptal, CeHijOg ; SgCsHg, m.p. 130°. d^Glucosebenzyl 
mercapial, CeHx20s(SCH2*C«H5)2, m.p. 133° (Ber. 29, 647). 

Methylene glucose, C6Hio(CH2)Oe, m.p. 187° (Ber. 32, 2586). 

1 : 2‘Glucose monacetone, CgHioOg : C(CHs)2, m.p. 166°. 1:2 : 5 : 6- 

Diacetone glucose- <1 : 4>,C«H806[C(CHs)2]2,m.p. 109°. [aj^ — 18*40 : aderiva- 
tive of y-glucose (constitution, see Ber. 56, 1243 : J. Biol. Chem. 70, 343). 

d-GIUoralose, m.p. 189°, and d-ParacMordhse, m.p. 227°, are 

two isomeric bodies, produced by the rearrangement of d-glucose with chloral 
(Ber. 27, B. 471 : 29, R. 177). 

1-Glucose, m.p. 143®, is formed when the lactone of Z-gluconic acid is reduced. 
It is perfectly similar to dextrose, but is Isevorotatory, [a]0 (at equilibrium) 
— — 51*4°. Its glucososazone is, however, dextrorotatory. Its diphenyl- 
hydrazone, m.p. 163°, dissolves with difficulty (Ber. 

23, 2618). 

dl-Glucose results from the union of d- and 1-gIucose, and by the reduc- 
tion of dZ-gluconic lactone. dl-Glucosazone, m.p. 218°, is also formed from 
inactive mannose, and from synthetic a-acrose, or dl-fructose {p. 6991 (Ber. 
23, 383, 2620). ^ 

(3) Oulose, CH20H[CHOH]|pHO (space formula, p. 705), the second 
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aldehyde of sorbitol, is likewise known in its three modifications. They are 
formed by the reduction of the lactones of the three gulonic acids (p. 713), and 
by further reduction yield the sorbitols. They are syrups and are not fermented 
by yeast. The name gulose is intended to indicate their relationship to glucose. 
1- and dX-Gulose phetiylhydrazone, m.p. 143°. l-Gulosazotie^ m.p. 156°. dhGulosa- 
zone, m.p. 157-159°. 

(4) d- and Z-Idoses are prepared by the reduction of the idonic acids or their 
lactones (p. 714). They yield d- and Z-iditol on reduction (p. 680) (space formula, 
p. 704). 

(5) Galactose is the aldehyde of the alcohol dulcitol (which is 
inactive through internal compensation), and occurs in the three 
forms, d-, Z- and dZ-galactose. 

The dZ-galactose, m.p. 140-142°, results from the reduction of the lactone 
of d2-galaetonic acid, and when fermented with beer yeast the d-form is fermented, 
leaving Z-galactose ; phmylhydrazone t m.p. 158-160° ; oaazone, m,p. 206°. 

Z-Galactose, m.p. 163° (p. 705), yields dulcitol on reduction, and mucic acid 
when it is oxidized ; phcvyfhydrazoyie, m.p. 158-160° ; osazone, m.p. 206°. 


I ' I 

d-GalactOse, CHaOH-CH-CHOH-CHOH-CHOH-CHOH (1 : 5 ring, see 
Ber. 59, 100 : see also p. 691 : configuration, see p. 705). It melts 
at 166°, is dextrorotatory and fermentable. d-Galactose is formed, 
together with glucose, by the hydrolysis of the disaccharide lactose, 
of the crystalline compound galactitol, CoHigO,, which occurs in 
yellow lupins (Ber. 29, 896) or of various gums, known as galactans 
(Ber. 20, 1003). Galactose is important as a constituent of the 
cerebrosides. It is prepared by the hydrolysis of lactose by dilute 
sulphuric acid. Galactose yields dulcitol on reduction, and galactonio 
acid and mucic acid on oxidation. By the action of hydrogen cyanide 
and hydrochloric acid, it yields galactosecarboxylic acid. When 
warmed with alkali it is partly converted into Z-sorbose, d-tagatose, 
d-talose and other compounds (c/. p. 687). 

a- and p-Methyl-d-galactosideSj m.p. 111° and 174°, [aln + 143*7° and 30*7°, 
are obtained by the action of methyl alcoholic hydrochloric acid at 1^° ; the 
jS-glycoside is hydrolysed by emulsin. By the action of methyl alcoholic hydro- 
chloric acid a strongly Isevorotatory methylgalactoside can also be obtained. 
This is probably a derivative of y-galactose (1 : 4 ring) (J.C.S. 125, 2468). 

Tetramethyl^oL’ and -p-methylgalactoaidef a-, b.p. 137°/11 mm., )3-, m.p. 45° 
(C. 1904, II. 892). 

2:3:5: ^-Tetramethylgalactose-KX : 4> is obtained by methylation of the 
above Isavorotatory methylgalactoside. It does not crystallize and has [ajo 
— 21*2° (no mutarotation), 2:3:4: Q-Tetramethylgalactos€-<l : 5>, [ak 
+ 109°, is obtained by direct methylation of galactose. 1 : 2 : 3 : ^’Diacctone- 
galactose-<l : 5> is obtained from galactose and acetone and sulphuric acid, 
b.p. 131-139°/0*2 mm., [aJagyeiiow —60*9° (in tetrachloroethane) (Ber. 56, 
2122 : 59, 100). TriphenylmethylgalacU)$et m.p. 73-75°. 

Pentaacetylgalactose, m.p. 142°, acetochlorogalactosej m.p. 76° (82°), aceio- 
hromogalactoset m.p. 83°, and acetoiiUrogaXactoae, m.p. 94°. a- and j^-Galactose 
pentanitrate, m.pp. 115° and 72° (Ber. 31, 74). Galactochloral, m.p. 202° (Ber. 
29, 544). 

Oxime, m.p. 175°, see p. 714. Fhenylhydrazone, m.p. 158° ; osazone, m.p. 
193°. Galactose aminogvunidine chloride (Ber. 28, 2613). Ethyl mercaptal, m.p. 
127° ; ethylene mcrcaptal, m.p. 149° (Ber. 29, 547). 

(6) d-Talose, CH20H[CH0H]4CH0, is formed by the reduction of the lactone 
of d-talonie acid (p. 714) (Ber. 24, 3625). Space formula, p. 706; c/, Ber. 
27, 383. 
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(7) Rhamnohexose, methylhexos6f CH 3 *CHOH(CHOH] 4 -CHO, m.p. 181®, is 
produced by the reduction of rhamnose carboxylic acid ; osazone, m.p. 200®. 
It forms methylheptonic acid with hydrocyanic and hydrochloric acids. 

3 A. KETOHEXOSES 

(1) Fructose, CH2-CH0H-CH0H-CH0H C(0H) CH20H, is known 
in the modifications d-, Z- and cZZ-fructose. 

d-Fructose, Icevulose, fruit sugar (configuration, see p. 709 ; ring 
structure, c/. J.C.S. 1926, 1858 : Ber. 60, 1168), m.p. 95°, occurs 
in almost all sweet fruits, together with dextrose. It was discovered 
in 1847 by Bubrunfaut. It is formed, (1) together with an equal 
amount of glucose, in the decomposition of sucrose, and is separated 
from the latter through the insolubility of its calcium compound 
(Ber. 28, R. 46 : C. 1928, I. 1280). As fructose rotates the plane 
of polarization more strongly towards the left than dextrose does to 
the right, the decomposition of the sucrose leads to the formation of 
a Isevorotatory invert sugar solution (p. 725). 

(2) On heating inulin with water to 100° for twenty-four hours, 
it is changed exclusively to Isevulose (Ann. 205, 162 : Ber. 23, 2107). 
It can also be obtained from secalose, a carbohydrate contained in 
green rye plants (Ber. 27, 3525). 

(3) It is formed together with d-mannose in the oxidation of 
d-mannitol ; also (4) from d-glucosazone, which is obtained from 
d-glucose or d-mannose as well as d-fructose. This method of forma- 
tion allies fructose genetically with d-dextrose and d-mannose (p. 693). 
Hence, in spite of its laevorotation of [a]i> = — 92*3°, it is called 
d-fructose. 

Like glucose, fructose exists in two stereoisomeric forms, a- and 
^-d-fructose : the pure j?-form has [a]i> — 133*5°, and in aqueous 
solution an equilibrium mixture is formed having [a]D — 92*3° (Ann. 
257, 166). 

Fructose crystallizes with difficulty, and dissolves with greater 
difficulty than dextrose. By reduction it yields d-mannitol and d- 
sorbitol ; and when oxidized the products are d-erythronic acid 
(p. 651) and glycoilic acid. It is partially converted into d-dextrose 
and d-mannose by alkalis (p. 687). Heated under pressure with a 
little oxalic acid, d-fructose yields hydroxymethylfurfural (Ber, 28, 
R. 786). It yields d-fructose carboxylic acid (p. 715) when treated 
with hydrocyanic and hydrochloric acids ; this may be reduced to 
methylbutylacetic acid, whereby the constitution of fructose is proved. 
Phenylhydrazine and fructose yield d-glucosazone. 

p-Methyl-d^fructoMe (Ber. 28, 1160), m.p. 119-120®, Mb - 173*1® (J.A.C.S. 
38, 1216). 1:3:4: ^-TetraTmthyl-^-rmthylfructoside, m.p. 34®, [a]© 149® 

(in water). 1:3:4; 5-Tetramethylfructose-<^ ; 6>, m.p. 98-99®, [a]© — 124- 
121® (J.C.S. 121, 2696 : constitution, J.C.S. 1927, 1040), is obtained by methyla- 
tion of normal fructose. The isomeric 1:3:4; %4etrainethylfTuciose' <2 : 5>, 
b.p. 154®yi3 mm,, [a]i> + 30® {?), is obtained by hydrolysis of the methylation 
products of inulin and of cane sugar. 

Phosphoric esters oj fructose, see J. Biochem. (Japan), 6, 31. 

Diacetonefructose, a-compound, m.p. 118®, m.p. 97®, are formed from 
fructose and acetone in presence of sulphuric acid (Ber. 57, 1566), Penta- 
<2 : 6>, a-form, m.p. 70®, Mb -b 34*7°, jS-form, m.p. 109°, [a]® 

y-Fractose,fructofuran 08 e (2 ; 6 oxide ring) {see J.C.S. 1927, 1513), is un- 
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stable ill the free condition and immediately reverts on isolation to norma! 
1 ructopyranosp. The sugar occurs linked to normal -glucose in cane sugar in 
Ihe furanoso form (Trehalose tj’pe, see p. 722) and in inulin, the fructose resi- 
dues also exist in this form. In addition to the 1:3:4: 6-tetramethylfructosn 
described above, a- and ^-mHhylfructoJnranosidcs are known, [air, > + 36*5'’ 
and — 17° (Bcr, 58, 1842 : J.C.S. 121, 2238). 

Losvulosan {fructosan)^ m.p. 150°, [a]i> -f 18*6° (in water), is formed by heating 
fructose in vacuo at 120° (Helv. Chim. Acta. 4, 613). Heterolccvufosan, see 
HeH\ Chim. Acta. 9, 809. 

LcevuJochloral, m.p. 228° (Ber. 29, R. 544). a- and S-Lcevulosan trinitrate, 
C6H,06(N02)3, m.p, 137° and 48° (Ber. 31, 76). 

Z-Fructose is produced by fermenting dl- fructose (ot-acrose) with yeast, 
wdiereby the cZ-modification is removed (Ber. 23, 389). 

dZ-Fructose or a-Acrose. — The resolvable fructose modification is, by 
virtue of its own synthesis, of the greatest importance in the synthesis of sugars 
(p. 700). 

Historical. — Methylenitan, the first compound resembling the sugars that 
was prepared, was obtained by Butlerow (1861), who condensed trioxj'mothylene 
(p. 236) with lime-water. O. Loew (1885) obtained formose, (CH20H)2C(OH). 
CH(0H)-C0*CH20H (?) (J. pr. Chem. 33, 321 : C. 1897, 1. 803, 906) in an analo- 
gous maimer from trioxymethylene, and somewhat later the fermentable 
meihose, by the use. of magnesia (Ber. 22, 470, 478). E. Fischer showed those 
three compounds to be mixtures of different hexoses, among which a-acrose occurs 
(Ber. 22, 360). The latter, together with jS-acrose, is obtained more easily by 
the action of barium hydroxide on acrolein bromide, C 3 H 40 Br 2 {E. Fischer 
and J. Tafel, Ber. 20, 1093), and also by the condensation of so-called 
glycerose or glyceric aldehyde, CHgOH-CHOH'CHO, or dihydroxyacetone, 
CHgOH-CO-CHaOH (Ber. 23, 389, 2131: 35, 2630). Reduction converts 
dZ-fructose or a-acrose into dZ-mannitol or a-aeritol. 

(2) d-Tagatose, C8Hi20e, in.p. 124°, is formed by the action of potassium 
hydroxide solution on galactose. It is a ketose. d-Tagatose, galactose, and 
talose yield the same osazone, and therefore bear the same relation to one another 
as Isevulose, dextrose, and mannitol. The above-mentioned alkali treatment 
also produces galtose and 

(3) Z-Sorbose, {jt-Tagatose, m.p. 154°, the optical isomer of 

d-Sorbose, sorbinose, CeHigOo, m.p. 154°. This is obtained from d-sorbitol 

(p, 680) by the action of Bacterium xyliniim, and unites with Z-sorboso to form 
dZ-sorbose. d- and Z-Sorbose yield on reduction, as well as d- and Z-sorbitol, 
d- and Z-iditol (p. 680). Sorbose stands to gulose and idose in the same relation 
as fructose to glucose and mannose (C.. 1900, I. 768). 

Hexose and Pentose Imines and Amines 

Ammonia unites with the hexoses with loss of water to form dextrosimine, 
mannosimine, galaetosimine, and forms with the penloses arabinosimine, xylosi- 
mine, etc., which are decomposed by acids into the original aldoses and am- 
monia. Isomeric -with the hexosimines is 

d-Glucosamine chitosamine, CH20H[CH0H]3GH(NH2)CH0, m.p. 110° 
(dccomp.) (Ber. 31, 2476), obtained with other hexosamines, by hydrolysing 
with hydrochloric acid the chitin of the armour of lobsters, and from the cellulose 
of ihe fimgus Boletus edulis ; also from the hydrolysis of proteins, particularly 
inu(*in (see Ber. 34, 3241, etc.). It is therefore of great physiological interest. 
It is prepared synthetically by reduction with sodium amalgam of the lactone of 
d-glucosaininic acid, which is formed from d-arabinosimine, hydrocyanic, and 
hydrochloric acids (Ber. 36, 28). The compound was originally regarded by 
Fischer as a 2-aminoglucose, but more recent work by Levene has shown gluco- 
samine to be really a 2-aminomannose (Biochem. Z. 124, 27). It reacts with 
phenyl isocyanate to form a cotnpoufid, m.p, 211°, water being eliminated, 
and with phenylhydrazine yields glucosazone (p. 693). With hydroxyiamine 
it yields glucosamine oxime, m.p. c. 122° (Ber, 31, 2198). The action of nitrous 
acid does not produce glucose or mannose, but the unfermeutable sugar chitosCf 
CaHjoOs, is produced, which is regarded by Levene as a 2 : 5-anhydromannose 
(Ber. 36, 2587). Oxidation with bromine water yields fZ-glucosaminic acid (p- 
714) and oxidation by nitric acid, the dibasic chitonic or zVosaccharic aci<i (p. 719). 
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Chondrosamine (^-AminoUilosQ, J. Biol. Chem. 31, 609) is isomeric with 
glucosamine and is a constituent of the chondroglyeoproteins (J. Biol. Chem. 
26, 143). 

d-Fructosamine (isogrZw codamine), CH20H*(CH0H)3*C0'CH2NH2, is ob- 
tained by the reduction of glucosazone, and on farther reduction by sodium 
amalgam yields d-mannamine and d-glucamine (p. 681). With nitrous acid it 
forms d-fructose (Ber. 19, 1920). 

Other amino sugars have been synthesized. See Ber. 58, 295 : 59, 714. 

The amino sugars, like the hexoses, form glucosides, which are obtained 
from the triacetylbromoaminohexoses and alcohols or phenols. 

Thiosugars. — Thioglucosides are obtained from acetobromohexoses and the 
silver salt of alkyliminothioearbonie esters : 

R-N : C(OEt)-SiAg + Br- jHexose. 

These compounds on hydrolysis give the thiohexoses, which are obtained pure 
only with great difficulty (Ber. 47, 1260, 2225 : 49, 1638 : 50, 793). 

2 B, ALDOHEPTOSES, ALDOOCTOSES AND ALDONONOSES 
(E. Fischer, Ann. 270^^,64.) 

Just as aldohexoses can be built up from aldopentoses, so can aldoheptoses 
be obtained from aldohexoses, and aldooctoses from the aldoheptoses, etc., — 
e.g. hydrocyanic acid is added to d-mannose, the lactone of d-mannoheptonie 
acid is then reduced to d-mannoheptose, which, subjected to the same reactions, 
yields d-mannooctose (see p. 687). The heptoses and octoses do not ferment, 
but mannononose is fermented by yeast. Heptitols, octitols and nonitols are 
formed in their reduction (p. 681). 

d-Mannoheptose, C7H14O7, m.p. 135° [a]o® + 68*6°, is obtained (1) from the 
lactone of mannoheptonic acid (p. 715) ; (2) perseitol jdelds it when oxidized 
(p. 681), Its hydrazom, m.p. about 198°, dissolves with difficulty; osazonc, 
m.p. about 200° (Ber. 23, 2231). Sodium amalgam converts it into perseitol 
(p. 681). Z-Mannoheptose (Ann. 272, 186). 

a-Glucoheptose, C7 Hi 407, m.p. about 190° ; osazon&f m.p. about 196° .* 
best identified as 2 : ^-dinitrophenylhydrazonet m.p. 181°, or 2 ; 4:-dinitrophenylo8a- 
zone, m.p. 232°. Preparation of pure sugar, Z. physiol. Chem. 167, 37. Physio- 
logical behaviour, C. 1902, II. 634. jS-Glucoheptose, Ann. 270, 72, 87. 

a-Galaheptose, C7H14O7, from a-galaheptonie acid, forms an osazone, m.p. 
about 200° ; it is converted by hydrocyanic and hydrochloric acids into gala- 
octonic acid (p. 715). ^-Galaheptose, m.p. (decomp.) 190-194°, is obtained 
from the lactone of ^-galaheptonic acid (Ann. 288, 139), 

d-Mannooctose, CgHieOg, is obtained from the lactone of marmooctonic 
acid (Ber. 23, 2234). a-Glucooctose (Ann. 270, 96). «-Galaoctose {Ann, 
288, 150). 

d-Maimononose, CgHjgOg, obtained from the lactone of d-mannonononic acid, 
is very similar to dextrose, and ferments under the influence of yeast ; hydrazone, 
223° ; oaazone, m.p. about 227° (Ber. 23, 2237). Glucononose (Ann. 270, 

Synthesis of Glucose and d-Fructose 

As already mentioned, Emil Fischer succeeded in isolating a-acrose or dZ-fruc- 
conden^tion products of glycerose (p. 589) and formaldehyde 
(p. 23u). He used this as the parent substance for the synthesis, not only of 
d-glucose and d-fructose, but also of d-mannose, d-mannitol, d-sorbitol and tho 
t-enantiomorphs of these substances. The relationships between the compounds 
IS shovim on p. 701. 

The reduction product of a-acrose, a-acritol or dZ-mannitol is difficult to obtain 
in reasonable quantity by the synthesis of a-acrose by aldol condensation of 
glycerose and subsequent reduction, and for this reason, its constitution having 
^n established, Fischer obtained further quantities by the following process 
d-Manrntol IS oxidized to d-mannose and the latter to d-mannonic acid, which 
readily yields a lactone by loss of water, Z-Arabinose combines with hydrogen 
^aiude to form the nitrile of Z-arabinoseearboxylic acid, or Z-mannonic acid. 
From the latter a lactone is also obtained, and by mixing equal amounts of the 
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SOTE . — Hcxoscs arc for bhnplietty written in the open aUlchyde form. 
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d- and ^-isomers, c2Z-mannonolactone is obtained, which, on reduction, yields 
successively dZ-mannose and fi?^mannitol, the latter being identical with a-acritol. 

rfWMannonic acid, like racemic acid (p. 656), can be resolved by strychnine and 
morphine into d- and Z-mannonic acid. By the reduction, on the one hand, of 
the lactone of d-mannonic acid, d-mannose and d-mannitol are formed, and, on 
the other hand, d-mannose and phenylhydrazine yield d-glucosazone, which can 
also be obtained from d-glucose, and Isevulose or d-£ructose. 

d-Glueosazone yields dextrosone (p. 686), and the latter by reduction forms 
Icevulose or d-fructose. 

To pass from d-mannonic acid to d-glueose, the former is heated to 140® with 
quinoline, whereby it is then partially converted into d-gluconic acid. Con- 
versely, the latter under the same conditions changes in part to d-mannonic acid 
(c/. the intertransformation of d-dextrose and d-maniiose, by the action of alkalis, 
(p. 687). d-Gliicose or grape sugar is formed in the reduction of the lactone 
of d’giuconic acid. d-Sorbitol is produced when grape sugar is reduced- Pro- 
ceedmg from Z-mannonic acid, the corresponding Z-derivatives are similarly 
obtained. l-Fructose is left by the fermentation of dZ-fructose or a-acrose, and 
l-7nannose in like manner from dZ-mannose. 

The gulose group and the sugar-acids, produced in the oxidation of the 
pentahydroxy-H-caproic acids, are also considered in the table. d-Saccharic acid^ 
resulting from the oxidation of d-gluconic acid, yields d-gulonic acid on reduc- 
tion, and the lactone of the latter by similar treatment changes to d-gulose, the 
second aldehyde of d-sorbitol. 

The aldohexoses are connected with the aldopentoses (1) through l-arabinofip, 
which, by the adcUtion of HCN, as already mentioned, yields arabinosecarboxylic 
acid or Z-mannonie acid, and Z>gluconic acid ,* (2) through the xyloses ^ the HCN- 
addition product of which is the nitrile of xylosecarboxylic acid, or Z-gulonic acid. 
Oxidation changes Z-gulonic acid to Z-saccharic acid. hOulose and \-sorhitol are 
formed in the reduction of its lactone. 


A. The Space^lsomerism of the Pentitols and Pentoses 

J. H. van H Hoff, Die Lagerung der Atome in Raum (Trans. Herrmann, 
Vieweg, Braunschweig, 1908 ; Uantzsch, Grundriss der Stereochemie, Leipzig, 
1904 ; Werner, Lehrbuch der Stereochemie, Fischer, Jena, 1904 : Wedekind, 
Stereochemie, Berlin, 1923.) 

The structural formula of the normal, simplest pentitol : CHaOH’CHOH*- 

CHOH'CHOH’CHgOH, contains two asymmetric carbon atoms. The CHOH- 
^oup standing between them is the cause of two possible inactive modifications 
instead of one (the case with the tartaric acids), as the result of an internal com- 
pensation. Furthermore, theory permits of two optically active modifications, 
and a fifth optically maotive form, arising from the union of the two optically 
^tive varieties. This is the racemic or dZ-modification, corresponding with 
aZ-tartaric acid or racemic acid. These relations are most quickly a'nd readily 
made clear by means of the atomic models. The molecule-model is projected 
upon the surface of the paper, and then formulae similar to those observed with 
tartaric acid are derived : 


COgH 

COgH 

COgH 

H-C-OH 

1 

j 

HO-C-H 

H-ioH 

HOC-H 

I 

j 

HC-OH 

H-C-OH 

GOgH 

d-Tartaiic acid. 

j 

COgH 

Z-Tartaric acid. 

j 

COgH 

i-Tartaric acid. 


The formulae for the four stereochemically difierent pentitols arise in the same 
manner as in the case of the tartaric acids. Suppose these four pentitols to be 
oxidiz^ m one instance the upper CHaOH-group, and then the lower similar 
group havmg been converted into the CHO-group, there will result eight stereo- 
chemieally difierent aldo^ntose formulae, none of which passes into any other 
by a rotation of 180 . The number of predicted space-isomers with n sym- 
metric carbon atoms and with an asymmetric formula may be more easily 
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deduced by applying the 2"-formula of van ’t Hoft, in which n indicates the number 
of asymmetric carbon atoms. In the aldopentoses = 3, hence 2” = 2® = 8® : 

Pentitol {aivi Tn~ 
hydroxy- 

glutaric acids), Aldopey\toses [and Pentane acids). 


(1) CHgOH 

(!') CHO 

CHaOH 

(2') 

CHO 

H-C-OH 

j 

j 

HCOH 

H-C-OH 


j 

HO-C-H 

H-C-OH 

j 

j 

H-C-OH 

H-C-OH 

or 

1 

HO-C-H 

n*c*0H 

1 

j 

fICOH 

H-O-OH 


1 

HO-C-H 

CH^-OH 

j 

CHgOIl 

CHO 


1 

CHoOTI 

Adonitol (Ribotri- 

d-Ribose. 

Z-Ribose 


hydroxyglutaric acid). 

(Z-Ribonlc acid). 

(2) CHgOH 

j 

(3^) CHO 

CHgOH 

(41) 

CHO 

H-COH 

1 

j 

H-C-OH 

H-C-OH 


J 

IIO-CH 

HO-C-H 

j 

HO-C-H 

HO-C-H 

or 

1 

H-C-OH 

j 

H-C-OH 

j 

H-C-OH 

H-C-OH 


1 

HO-CH 

j 

CHgOH 

1 

CHa-OH 

CHO 


1 

CHaOH 

Xylitol (Xylotri- 
hydroxyglutaric acid). 

Z-Xylose 
(Z-Xylonic acid). 

(Z-Xylose. 

(3) CHaOH 

(Qi) CHO 

CHgOH 

(e>) 

CHO 

HO-C-H 

1 

HO-CH 

1 

HO-CH 


j 

HO-C-H 

1 

H-C-OH 

1 

H-C-OH 

1 

H-C-OH 

or 

1 

HO-C-H 

1 

H-C-OH 

1 

H-C-OH 

1 

H-C-OH 


1 

H-C-OH 

1 

CHgOH 
<Z-Arabitol (d-Tri- 
hydroxyglutarlc acid). 

j 

OHjOH 
<Z-Arabinose 
(d-Arabonic acid). 

1 

CHO 


j 

CHgOH 

d-iyxoae 

(d-Lyxonic 

acid). 

(4) CHaOH 

(71) CHO 

CHaOH 

(8*) 

CHO 

j 

1 

H-C-OH 

1 

H-C-OH 

1 

j 

H-C-OH 


H-COH 

j 

1 

HO-C-H 

HO-C-H 

1 

HOC-H 

or 

H-COH 

j 

HO-C-H 

1 

HO-C-H 

HO-C-H 


1 

HO-CH 

j 

1 

CHgOH 
1-Arabitol (Z-Tri- 
hydroxyglutaric acid). 

1 

„ CHaOH 
Z-ij:abin(^e 
(Z-Arabonic acid.) 

J 

CHO 


CHaOH 

l-Lyxose. 


The stereoisomeric aldopentoses are capable naturally of uniting to four 
inactive* double molecules, which can be resolved. The space-formulse (7^) and 
(3^) for ordinary or i!-arabinose and the xyloses follow from the intimate con- 
nection of the Z-arabinoses with Z-glucose, and the xyloses with /-gulose, as will 
be showm later (p. 709). 

If the space-formula of inactive xylitol may be considered as established, 
there remains but one possible formula for inactive adonitol, the reduction prod- 
uct of ribose. ^ r. • n 

Four trihydroxyglutaric acids (p. 677) correspond with the four theoretically 
predicted pentitols. The same number of eight space isomers as indicated by 
the pentoses are possible also for the correspondmg monocarboxylie 
the tetrahydroxy-»-valeric acids, as well as for their corresponding aldehyde- 
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carboxylic acids, and also for the ketoses of the hexitol series, to which fructose 
belongs. 

B. The Space -Isomerism of the Hexitols, the Aldohexoses 
and the Gluconic Acids 

The structural formula of the normal and simplest hexitol : 

*4 *3 *2 *1 

CHgOH-CHOH'CHOH-CHOH-CHOH'CHgOH, contains four asymmetric carbon 
atoms. The theory of van ’t Hoflc and Le Bel permits of ten possible space- 
isomeric configurations for such a compound. 

In tartaric acid (p. 653) we started with the point of union of the two asym- 
metric carbon atoms in determining the successive series ; and in hexitol also 
we begin in the middle of the molecule, and then compare C-atom 1 with C-atom 4, 
and C-atom 2 with C-atom 3. In this manner the ten hexitol configurations given 
below have been derived. 

If in each of the ten hexitols, in one instance the upper — CHgOH group, 
and in another the lower — CHaOH group 2, have been oxidized to aldoses, 
then twenty space-isomeric aldohexoses would result. However, each of the 
four hexitols (Nos. 1, 2, 3, and 4) jdelds two aldoses, whose formulas by a rotation 
of 180® pass into each other, which consequently would reduce the number of 
possible space-isomeric aldohexoses to 16. 

Ten tetrahydroxyadipic acids {saccharic acids) correspond with the ten space- 
isomeric hexitols; sixteen pentahydroxy-n.-valeric or hexonic acids {gluconic 
ocida), and sixteen aldehydotetrahydroxjrmonocarboxylie acids {glucuronic 
acids) correspond with the sixteen space-isomeric aldohexoses. 

The hexitols and the tetrahydroxyadipic acids also have foui* inactive, racemic 
or d^modifications, the aldohexoses, hexonic acids, and aldehydotetrahydroxy- 
carboxylic acids, also 8 dZ-modifications, as is evident from an inspection of the 
formulae in the appended table. 

The number of theoretically possible space-isomeric aldohexoses, containing 
four as 3 ?TOmetric carbon atoms in the molecule, are more readily derived by 
employing the van *t Hoff formula 2« given above with the aldopentoses. This 
for 24 would give sixteen space-isomeric aldohexoses. 

The space-isomerism of the ketohexoses, containing three asymmetric C-atoms, 
has been included in the isomerism of the aldopentoses (p. 703). 
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(5) CH 2 OH 

j 

(51) CHO 

(61) CHO 

HOCH 

1 

1 

HO-C-H 

j 

H-C-OH 

H-C-OH 

1 

i HC-OH 

1 

H-C-OH 

1 1 

HO-C-H ! 

1 

1 

HO-C-H 

1 

HO-C-H 

HO-C-H 

1 1 

HO-C-H 

1 

H-C-OH 

j ' 

CHgOH ! 

i-Sorbitol 1 

(i-Sacf-haric acid). j 

j 

CH 2 OH 
Z-Glucose 
(Z-QIueonic acid). 

1 

CHjOH 
Z-Gulose 
{/-(iiilonic acid). 

(6) CH^OH 

(71) CHO 

(81) CHO 

1 

H-C-OH 

1 

H-C-OH 

j 

HO-C-H 

1 , 
HO-C-H 

1 1 

HO-C-H 

j 

HO-C-OH 

1 

H-C-OH 

I 

1 

H-C-OH 

j 

H-C-OH 

H-C-OH 

j 

H-C-OH 

j 

HO-C-H 

1 

CH 2 OH 
d-SorbitoI 
(d-Saccharic acid). 

1 1 

1 CHjOH 

d-Glucose 

1 (d-Gluconic acid). 

1 

CHjjOH 
(Z-Gulose 
(d-Gulonic acid). 

(7) CH 2 OH 

( 91 ) CHO 

(101) CHO 

j 

H-C-OH 

1 

H-C-OH 

1 

HO-C-H 

1 

HO-C-H 

1 

j HO-C-H 

1 j 

j 

H-C-OH 

j 

HO-C-H 

* HO-C-H 

1 

H-C-OH 

1 

H-C-OH 

1 

H-C-OH 

j 

HO-C-H 

CH 2 OH 

Dulcitol 
(Mudc acid). 

1 

' CHgOH 

d-Galactose 
(d'Galactomc acid). 

j 

CHgOH 
Z’Oalactose 
(Z-OalactoQic acid). 

(8) CHaOH 

{IV) CHO 

(121) CHO 

j 

1 

H-C-OH 

1 

H-C-OH 

HO-C-H 

H-C-OH 

j 

H-C-OH 

j 

HO-C-H 

H-C-OH 

J 

H-C-OH 

j 

HO-C-H 

H-C-OH 

1 

H-C-OH 

j 

HO-C-H 

CH2OH 
(Allomueic add ?). 

1 

CHaOH 

d*AUose. 

j 

CH3OH 

Z-AUoae, 

( 9 ) CHgOH 

(I31) CHO 

(I41) CHO 

j 

H-C-OH 

1 

H-C-OH 

H-C-OH 

H-C-OH 

1 

H-C-OH 

1 

HO-C-H 

H-C-OH 

1 

H-C-OH 

j 

HO-C-H 

1 

HO-G-H 

1 

HOC-H 

j 

HO-C-H 

CHgOH 

(/-Tait>mu<*if add). 

J 

; CH2OH 

\ l-Tal(»M‘, 

j 

CHgOH 

Z-Altrose. 


zz 
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CHgOH 

(I 51 ) CHO 

(161) CHO 

1 

HO-C-H 

j 

HO-C-H 

HO-C-H 

HO-C-H 

1 

HO-C-H 

1 

H-C-OH 

HO-C-H 

1 

HO-GH 

1 

H-C-OH 

H-C-OH 

j 

H-C-OH 

] 

H-C-OH 


CH^OH 

<^Talltol ({2-Talomucic acid). 


CH2OH 

d-Talose (d*Talonic acid). 


CHaOH 

d-Altrose. 


To render rational names possible, E. Fischer has proposed to indicate the 
configuration by the sign 4- or — . These are hot intended to show the influence 
of the individual asymmetric carbon atom upon the optical properties of the 
molecule, as van ’t Hofi formerly expressed it, but merely the position of a sub- 
stituent upon the right or left side of the preceding configmation formulsB. (See 
also Ber. 40, 102.) The formula should be so viewed that in the sugars the alde- 
hyde or ketone group, and in the monobasic acids the carboxyls, stand above. 
The numbers begin above, and the sign 4- or — represents the position of 
hydroxyl, e.g . : 

Grape sugar, d-dextrose = Hexanepentolal -j h + (Formula 7i). 

d-Glueonic acid . • = Hexanepentol acid 4 4 * + (Formula 7^). 

Laevulose, d-fructose . = Hexanepentol-2-one h + • 


^*In the case of symmetrical structure, — as it exists, for example, in the 

diacids and alcohols of the sugar group, — ^there is no favoured position ; con- 

sequently, presuming that the numbering invariably proceeds from the top down, 
we get a doubled steric designation,” : 

d-Saccharic acid . = Hexanetetrol diacid 4* |-4‘Or ( 

Bulcitol . . = Hexanehexol . 4 * f- or — 4-4 


A similar derivation of the projected space-formulffi of the hexoses is carried 
out by Wohl and Freudenberg (Ber. 56, 309), starting from d-glyceraldehyde 
(dextrorotatory), which is connected with d-gluoose by way of tartaric acid. 

For this system it is necessary only to have a convention that the carbonyl 
group of the hexose (in agreement with E. Fischer) is written to the right in a 
horizontal formula, or at the top in a vertically written formula, and the con- 
H 

figuration H'C*OH or — C — of the adjacent carbon atom is described as d-. 


H 


d-glyoeraldehyde having on this basis the projected formula CHaOH — C — CHO. 

1 

OH 

The configuration of various sugars is deduced in the following table. (4-) and 
(— ) denote the actual direction of rotation. 


Triose. 

Tetroses. 

Pentoses. 

Hexoses. 


dd = d(™) 

ddd — d(--)ribose 

dddd — d-Allose 
dddl = d-AItrose 


Erythrose 

ddl — d(— )Arab- 

ddld = d-Glucose 



inose 

ddll =: d-Mannose 

d=d(+) 




Glyceralddiyde 

dl ~ d-Threose 

dld = d(4-) 

dldd == d(+)Gulose 


Xylose 

dldl = d^+Jldose 



dll = d(— )Lyxose 

dlld = d(4-)Galaotose 
diU = d(-j-)Talose 

I 
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Derivation of the Space-formula for d-Ohicose or Grape Sugar 

The following relations arranged first in the diagram are the basis of this 
derivation : 


d-Gulose 


d-Gulolactone < 


I. d-Sorbitol 


d-GuIonic acid 
^ \ 


d-Saeeharic 


\ I /f acid 

d'Glucose d-Gluconolactone •<- d-Gluconic acid 
II. d-Gluoose d-Glucoaazone d-Mannose 
-d-Mannitol 


III. d-Fructose' 




d-Sorbitol 


->d-Dextrosazone 


^ Z-Mannonic acid 
Z-Arabinosecarboxylic acid. 


IV. Z-Arabitol <- 


“\ 


Z-Gluconic acid - 


-> Z-Glucose 


V. Xylitol^ 


“>* Z-Gulonic acid 


Xylosecarboxylic acid. 


-> Z-Gulose. 


Diagram I shows that d-glucose or grape sugar and d-gulose yield the same 
d-saocharic acid. Hence it follows that d-saccharic acid and the d-sorbitol corre- 
sponding with it cannot have the formulas (1), (2), (3), (4) (p. 704), because it is 
only the hexitols and saccharic acids, (6), (6), (7), (8), (9), (10), which yield two 
space-isomeric aldohexoses each. The formulse (7) and (8) of the six space- 
formulse represent, by virtue of internal compensation, optically inactive 
molecules, which therefore disappear for the optically active d-saccharie acid and 
d-sorbitol. 

The fact that d-saccharic acid and d-mannosaccharic acid, d-gluconic and 
d-mannonic acids, d-dextrose and d-mannose, d-sorbitol and d-mannitol, only 
differ by the varying arrangement of the univalent atoms or atomic ^oups with 
reference to the carbon atom, which in d-dextrose and d-mannose is linked to 
the aldehyde -group, makes it possible to decide between the stereoisomeric 
formulse (6) and (6), (9) and (10) ; for d- and Z-saccharic acid, d-mannose and 
d-glucose, yield the same osazone (diagram II, above). Z-Arabinose treated 
with hydrocyanic and hydrochloric acids gives rise to both Z-mannonic or Z-ara- 
binosecarboxyHc acid, and Z-gluconie acid (diagram IV, above). The same 
relations which are observed with Z-mannonic and Z-gluconic acid prevail naturally 
with their stereoisomers-~d-mannonic acid and d-gluoonio acid. A mixture of 
d-mannitol and d-sorbitol is obtained by the reduction of d-fructose. 

Assuming that d-sorbitoi and d-saccharic acid possessed the space-fonnulse 
(9) or (10) (p. 705) : 


(9) CH,OH 

I 

I 

HCOH 


H-C-OH 

1 

HOCH 


(10) CHjOH 

I 

HO-C-H 

HO-CH 

HO-C-H 




CH,OH 
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then d-maimitol, and also <Z-mannosaccharic acid, would have the formulae 
(7) or (8) : 


(7) 


1 

H-C-OH 

1 

HO*C*H 

I 

HOC-H 


(8) CHaOH 

1 

HC*-OH 

1 

HC-OH 

1 

HC-OH 


I I 

HC*OH HC-OH 

CH2OH CHjOH, 

because only these formulae differ from (9) and (10) exclusively in the varying 
arrangement of the atoms or atom groups with reference to the as5nnmetric 
carbon atoms designated by asterisks. However, formulae (7) and (8) by internal 
compensation give rise to inactive molecules, consequently cannot give the 
configuration of d-mannitol and d-mannosaccharic acid. 

for d-sorbitol and Z-sorbitol, d-saccharic acid and Z-saccharic acid there 
remain only formulae (5) and (6), from which (6) is arbitrarily selected for d-sorbitol 
and d-saccharic acid, and (5) for Z-sorbitol and Z-saccharic acid. “ When this 
has been done then all further arbitrary selection ceases ,* now the formulae for 
all optically active compounds connected experimentally with saccharic acid 
are regarded as established (Ber. 27, 3217). Hence, the space-formula (2) falls 
to d -mannitol and d-mannosaccharic acid, and formula (1) to Z-mannitol and 
Z-mannosaccharic acid, which would also give formulae (2) and (1^) to d- and 
Z-mannonic acids (p. 704). 

The aldohexoses (7^) and (8^) (p. 705) correspond with d-sorbitol and the 
saccharic acid with space-formula (6) : 


1 

H-C-OH 

1 

HO-C-H 

I 

H-C-OH 

1 

H-C-OH 


(7^) CHO 

I 

H-C-OH 

I 

HO-C-H 

i 

H-C-OH 

1 

H-C-OH 


CHjOH 

d-Sorbitol (d-Saccharic acid). 


CHoOH 


(81) CHgOH (81) CHO 

~ ! I 

H-C-OH HO-C-H 


HO-C-H 


HO-C-H 


H-C-OH TorJted H-C-OH 
1 J8(r I 

H-C-OH HO-OH 

1 1 

CHO CH.OI: 


In order to obtain the aldehyde group at the top of the formula image, formula 
(81) must be turned 180®. This converts it into formula (8I), and the succession of 
the atomic groups attached to the asymmetric carbon atom is naturally not altered. 

The choice between formulsa (71) and (8I) for d-dextrose and d-gulose still 
remains. We are able to determine this if we can select out the space-formulas 
for the two stereoisomers— Z-glueose and Z-gulose. This is possible' with a 
proper consideration of the genetic relation of the last two bodies with Z-arabinose 
and xylose, as represented in diagrams IV and V (p. 707). 

The formulae {51) and ^ of the aldohexoses correspond with the formula (5) of 
Z-saeeharic acid, (j^ when rotated becomes (6I) ; 


(5) CHjOH 

1 

(5>) 

CHO 

m CHgOH 

(0>) 

CHO 

HO-C-H 

j 


1 

HO-C-H 

ho-(!j-h 


H-(!3-0H 

H-C-OH 

1 


j 

H-C-OH 

j 

H-C-OH 


H-C-OH 

HO-C-H 


1 

HO-C-H 

HO-C-H 

or when 

1 

HO-C-H 

1 

HO-C-H 

1 


HO-C-H 

1 

HO-C-H 

rut.ated 

H-C-OH 

CHoOH 


j 

OH,OH 

j 

CHO 


1 

CH 3 OH 

Z<8omtol (Z.ISac-chari(- acid). 
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Remembering that, according to dia^ara IV (p. 707), it is possible to obtain 
7-glucose from 7-arabinose, and, according to diagram V, Z-gulose from sylose, 
then the pentoses mentioned must have the space-formulae which can be derived 
for formulae (5^) and (6^) by omitting the first of the C*-atoms, by which the 
structure becomes asymmetric : 


(6^) CHO 


HO-C*H 

1 

HO-C*H 

I 

CHgOH 

2-Dcxtrosc. 


I 

HO-CH 

I 

HO-C-H 

I 

CH^OH 

7-Aral)inose. 


1 

CHO 

CHaOH 

H-C-OH 

j 

H-C-OH 

H-C-OH 

HO-C-H ^ 

HO-^H 

y { 

HO-C-H 

j 

H-C-OH 

H-C-OH 

H-C-OH 

1 

CHaOH 

Z-Gulosc. 

j 

CHsOH 

Xylose. 

CHaOH 

XyUtol. 

CHO 



j 

HO-C*-H 

CHO 

CHjOH 

j 

h-c-oh 

1 

H-C-OH 

1 

H-C-OH 


I 

HOCH 

1 

HOC-H 

I 

CH^OH 

?-ArabitoI. 


It is at once seen that the aldopentose corresponding with formula (6^) must, 
by reduction, yield an inactive pentitol, xylitol (p. 703) — through an internal 
compensation. SimUariy, the pentose with formifia (5^) changes to an optically 
active pentitol — Z-arabitol (p. 703) . In this manner is feed not only the configura- 
tion for xylitol and xylose, 7-arabitol and Z-arabinose, but it is also demonstrated 
that Z-gulose, from xylose, has the formula (6^), and Z-dextrose, synthesized from 
Z-arabinose, the space-formula (5^). (8^) is the stereoisomeric formula of space- 
formula (0^), which, therefore, belongs to cZ-gulose. Formula (7^) corresponds 
with space-formula (6^), and hence it belongs to d-glucose. From all this it would 
follow that d- and Z-mannoses have formulae (2^) and (U), which facts confirm 
that cZ-glucose and d-mannose on the one hand, and Z-glucose and Z-mannose 
on the other, pass into the same glucosazone— i.e. they differ only in the con- 
figuration at one asymmetric C-atom. 

When it is remembered that d-fructose, by reduction, yields a mixture of 
d-mannitol and d-sorbitol, and d-glucosazone on treatment with phenylhydrazine, 
it will be recognized that both it and its corresponding d-arabinose must have 
the space-formulas : 


CO 

I 

HOC-H 

I 

H-C-OH 

I 

H-C-OH 

I 

GHjOH 

d-Fractose. 


CHO 

1 

HOC*H 

I 

H-C-OH 

I 

H-C-OH 

I 

CH^OH 

d-Aiabiaose. 


The configurations of other ketoses, such as tagatose and sorbose {p. 699), can 
similarly be derived. 
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Derivation of the Configuration of d-Tartaric Acid * 

The configuration of d-tartaric acid is evident, according to E. Fischer, from 
its production in the oxidation of d-saccharic acid. The formula of the latter has 
been previously deduced above. It is in harmony, therefore, with its formation 
in the oxidation of methyltetrose (p. 651), a decomposition product of rhamnose. 
The latter, when oxidized, passes into Z-tiihydroxyglutaric acid. The a-rha^o- 
hexonic acid, obtained from the rhamnose by the hydrocyanic acid addition, 
yie' Is mucic acid on oxidation, and the latter, on similar treatment, changes to 
racemic acid. Assuming that the methyl group of rhamnose is eliminated in 
the oxidation of rhamnohexonic acid, rhamnose would have the following con- 
figuration-formula : 




COaH 

CO^H 

COaH 


COgH 

CHO 

1 

HO-C-H 

1 

HO-C-H 

j 

HO-C-H 


1 

H-C-OH 

1 

H-C-OH 

j 

H-C-OH 

j 

H-C-OH 

1 

H-C-OH 

1 

COjH 

1 

H-C-OH 

j 

^ H-C-OH 

I 

H-C-OH 

j 

H-C-OH 

COaH 

1 

H-C-OH 

1 

1 

fiO-CH 

j 

HO-C-H 

j 

HO-C-H 

j 

HO-C-H 


HO-C-H 

1 

CO^H 

1 

? CH-OH 

1 

CHa 

j 

? CHOH 

1 

CH, 

j 

CO2H 


j 

CO3H 

/-Trihydroxy- 

gktaric 

acid. 

Ehamnose. 

a-Rhamnose- 

carboxylic 

acid. 

Mucic acid. 

Racemic acid. 


This assumption has been proved through the behaviour of the stereoisomeric 
j5-rhanmohexonic acid, which results on heating a-rhamnohexonic acid to 140® 
with pyridine. All experiences go to show that the two stereoisomeric rhamno- 
hexonic acids only differ in the arrangement or position of the carboxyl group 
in direct union with the asymmetric carbon atom. BCad the methyl group not 
been split off in the oxidation, but merely changed to carboxyl, then a- and 
^-rhamnohexonic acids would have 3delded the same mucic acid, because the 
fisjnnmetric C-atom linked to carboxyl in a- and jS-rhamnohexonic acid, that 
caused the difference in the two acids, would have been oxidized to carboxyl. 
j3-Bhamnohexonic acid, however, oxidizes to ^-talomuoic acid, which justifies 
the preceding assumption, and consequently proves the configuration, even to 
the position of the asymmetric carbon atom linked to methyl. 

Wohl’s procedure permits of the conversion of rhamnose into methyltetrose, 
which is oxidized to d-tartaric acid by nitric acid. Hence, we may suppose that 
here the methyl group is split off as in the case of the oxidation of rhamnose 
to ^-trihydroxyglutaric acid, and of a-rhamnohexonic acid to mucic acid. This 
then demonstrate the configuration of d-tartaric acid (Ber. 29, 1377) : 

CHO 

I 

H-C-OH 

1 

H-C-OH 

I 

HO-C-H . 

I 

? CH OH 

1 

GHs 

lUmmnose. 

COaH 

d-Saccharic aoid. 


CHO 

1 

H-C-OH 

I 

HO-C-H 

1 

? CH-OH 
I 

CHj 

Hethyltetrose. 


COaH 
H-C-OH 
.HO C-H 


CO,H 

d-Tartaric acid. 


COaH 

H-C-OH 

I 

HO-C-H 

I 

H-C-OH 

H-C-OH 

f 


♦ See also Kurt Hoeseh, Sonderhett, Ber. 54 , 334. 



POLYHYDROXYMONOCARBOXYLIC ACIDS 


111 


4. HEXAKETONES 

Oxalylbisacetylacetone, (CH 3 CO)aCHCO*CO-OH{COCH 3 ) 2 , is the parent sub- 
stance of dicyamhisacetylacetone, aai-tetraacetyl-flJSi-diiminobutane, (CHsCO)- 
CHC(NH)-C(NH)*CH(COCH 3 )a, m.p. 147% which is prepared from dicyano- 
monoacetylacetone (p. 652), acetylacetone, and a little alcoholate. Even when 
boiled in water it is changed into a carbocyclie derivative (Ann. 332, 146), 


5. POLYHYDROXYMONOCARBOXYLIC ACIDS 
A. PENTAHYDROXYCARBOXYLIC ACIDS 

These acids are produced (1) by the oxidation of the alcohols and 
aldoses corresponding with them, by means of chlorine or bromine 
water (Ber. 32, 2273) with nitric acid (D 1*2) (Ber. 54, 456) or with 
barium hypoiodite (J. Biol. Chem. 72, 809) ; (2) by the reduction 
of the corresponding aldehydo-acids and lactones of dicarboxylic 
acids ; synthetically, from the aldopentoses (arabinose, rhamnose, 
p. 672) by means of HCN, etc. This is analogous to the synthesis 
of glycollic acid from formaldehyde, and lactic acid from acetaldehyde : 

CHO CN HGI COjH 

I > I ► 1 

CHj hok cH(OH) 2H,o cHOH 

I I 

CHs CH, 

CHO CN CO,H 

HOH]* 

(JHjOH (!iH,OH 

Z- Arabinose. Z-GluconomtrUe. Z-Gluconic acid. 

(Z-Arabinosecacboscyllc acid.) 

Behaviour, — (1) Being y- and 5-hydroxyl-derivatives, nearly all of 
these acids are very unstable when in a free condition. They lose 
water readily and pass into lactones {p. 424) : 

CeHioOo. 

Hudson’s Buie , — ^Hudson (J.A.C.S. 32, 338) has pointed out a 
relationship between the direction of rotation of a lactone and the 
position of the lactone ring. If the formula of the lactone is written 
from above downwards, the carboxyl group at the top, and using the 
projection formulae already given (p. 704), the direction of rotation 
of the compound is given by the position of the lactone ring to the 
right or left of the formula. Contrariwise, from the direction of 
rotation, the position of the lactone ring can be deduced. 

(2) The capacity of the lactones, but not the acids themselves, to 
pass into the corresponding aldohexoses by combination with two 
atoms of hydrogen (E. Fischer), is of great importance in the synthesis 
of the aldoses (p. 683) : 

2H 

C3H10O5 y C3HX3O3. 

dt-Gluconolactone. d-GIucose. 

(3) These acids, when acted on with phenylhydrazine, form char- 
acteristic crystalline phenylhydrazides, C 5 Hii 05 *C 0 ’N 2 HgC 6 H 5 (Ber. 


[CHOHJa 


[CHOH]* 


[C 



712 


ORGANIC CHEMISTRY 


22, 2728). These are decomposed into their components when boiled 
with alkalis. They are distinguished from the hydrazones of the 
aldehydes and ketones by the reddish-violet coloration produced 
upon TYiiTing them with concentrated sulphuric acid and a drop of 
ferric chloride. 

(4) Heated to 130-150° with quinoline or pyridine a geometric 
rearrangement ensues, restricted to the asymmetric carbon atom in 
union with the carboxyl {Epimeric change) (c/. the inter-transforma- 
tion of stereomeric hexoses under the influence of alkali, p. 687). 
It is a reversible reaction, and therefore yields a mixture of both 
stereoisomers, eg, (Ber. 27, 3193) : 

d-Gluconic acid < ^ d-Mannonic acid, 

Z-Gulonic acid < . Mdonic acid. 
d-Galactonic acid < d-Talonic acid. 

(5) These acids are reduced to lactones of the y-monohydroxy- 
carboxylic acids (p. 424), if they are heated with hydriodic acid. 

(6) Oxidation of the hexonic acids or their lactones with hydrogen 
peroxide and ferric acetate, causes degradation to the pentoses (see 
p. 673). 

Isomerism, — ^Spacial isomers of pentahydroxy-Ti.-caproic acid are as 
numerous, according to theory, as the aldohexoses (p. 704), i,e, sixteen 
optically active and eight dZ-modifications, which are inactive. 

Mannonic acid, C6H6(0H)5-C02H. The syrup-like acids — cZ-, Z-, 
and cZZ-mannonic acids — ^yield the corresponding dibasic mannosac- 
charic acids on oxidation (p. 717). They change to lactones on the 
evaporation of their solutions ; these by reduction yield the mannoses 
and mannitols. dZ-Mannitol is identical with a-acritol, the reduction 
product of synthetic a-acrose or dZ-fructose. As dZ-mannitol or a- 
acritol, when oxidized, yields (ZZ-mannose, and the latter by similar 
treatment becomes converted into dZ-mannonic acid, which can be 
split into d-mannonic acid and Z-mannonio acid, the complete synthesis 
of all bodies of the mannitol series can be realized through these 
reactions (p. 701) : 

aJ-Mannitol (^-Mannose c^-Mannonolactone 

d-Mannonic acid — 

a- Acrose a-Acritol 5i-Maimose d^-Mannonic acid - 

<tt-rructose (K-Mannitol 

/•Mannonic acid - 

Z-Manuitoi Z-Mannose •<- Z-Mannonolactone. 

d’Man7ionol(icU)ne, CeHjoOg, m.p. 149-153° [ajo = -f 53*8° 

l-Mannomlactane, „ 140-150° [a]© = — 53*2° 

dl^Mannonolactone^ (0*6Hio06)2, „ 149-155°. 

d- and hMannonic acid phenylhydrazides, ^6^1l06(^2®*2*^6^6)» 215°. 

Sl'^Marmonic add phenylhydrazide, m.p. about 230° when rapidly heated. 
The hydrazides are converted into the acids on boiling with barium hydroxide 
solution (Ber. 22, 3221), a reaction which is well adapted for the purification 
of the acids, d- and l-Methylene mannonic lactone^ m.p. 206° 

(Ann. 310, 181). 


-> (Z-Mannosaecharic 
acid 

>• dZ-Mannosaccharic 
acid 

>• Z-Mannosaccharic 
acid 
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A very important feature is the partial conversion of d- and i- 
mannonic acids into d- and Z- gluconic acids on heating the former 
to 140° with quinoline, referred to in (4) (p. 712). 

This method of preparing d- and Z-gluconic acids shows the genetic 
connection existing between d- and Z-glucose and the mannitol series, 
and thereby renders possible the synthesis of glucose. 

The formation of 1-mannonic acid or Z-arabinosecarboxylic acid 
(together with Z-gluconic acid) from Z-arabinose by means of hydro- 
cyanic acid, constitutes one of the transitions which allows of the 
synthesis of aldohexoses from aldopentoses : 

/ > Z-Mannonolactonc >-Z-Mannose 

IZ-Gluconic acid > Z-Gluconolactone >-Z-Glucose. 

Gluconic acid, CH20H[CH0H]4C02H, is known in the d-, Z-, 
and dZ-modifications (Ber. 23, 801, 2624 : 24, 1840) (space formula, 
see p. 705). 

1. The lactones of these three acids yield the corresponding glucose 
on reduction. 

2. By oxidation they yield the corresponding dibasic saccharic 
acids. 

3. When heated to 140° with quinoline they undergo epimeric 
change (p. 712) with the partial formation of the corresponding 
mannonic acid. 

d- and hPhenylhydrazides, C6Hn06(N2H2-C6H5), m.p. about 200° 
when they are rapidly heated; dl-phenylhydrazide, m.p. 190°. 

d- Gluconic acid is formed from saccharose, maltose, dextrin 
starch, or particularly readily from glucose, by oxidation with chlorine 
or bromine water (Ber. 17, 1298). It is also obtained from glucose 
by oxidation with nitric acid (D 1-2) (Ber. 54, 456) or barium hypo- 
iodite (J. Biol. Chem. 72, 809). It is also formed from mannonic 
acid by epimeric change (see above). 

Gluconic acid forms a syrup which, when evaporated or upon 
standing, changes in part to its crystalline lactone,, CgHjoGg, m.p. 
130-135°. Sodium amalgam reduces it to d-glucose or grape sugar 
(Ber. 23, 804). 

Its barium salt crystallizes with three molecules of water ; calcium 
mlt with one. The acid is dextrorotatory. On the conversion into 
d-arabinose by oxidation with H 2 O 2 , see p. 673. 

J*r,niaairtjjl glucononiinlc, C5H6(0*C2H50)5CN (Ber. 26, 730). Dimethylenr 
gluconic acid, C«H807( : CHg)-., m.p. 220°, is prepared from d-gluoonic acid and 
formaldehyde (Ann. 292, 31“ : 310, 181). 

Z-Gluconic acid is formed (1) from Z-maimonic acid by epimeric <‘haiigo 
(p. 712) and (2) together with Z-mannonic acid from Z-arabinose by aid of HNC. 

cZZ- Gluconic acid is obtained from a mixture of d- and Z-gluconic acids. 
Its calcium salt, which dissolves with difficulty, is obtained, like calcium racemate, 
by mixing solutions of d- and Z-calcium gluconates. 

Gulonic acid, CH20H[CH0H34C02H, is known in three forms, which yield 
the corresponding saccharic acids on. oxidation and the corresponding guloses 
on reduction of their lactones. 

<Z-Gulonic acid is obtained by the reduction of glycuronic acid (p. 716) or 
of saccharic acid. Its lactone, m.p. 181°, [a]i> + 5o*l°, yields d-xylose on oxidation 
with hydrogen peroxide and ferric acetate (p. 673). Phenylhydrazide, m.p. 148° 
(Ber. 24, 526). 
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^-Gulonic acid, xylosecarhoxylio aMi results when xylose is acted on with 
HNC. This reaction unites also the aldopentoses with the aldohexoses. Z-Idonic 
acid is produced simultaneously, and when heated with pyridine changes partially 
to Z-gulonic acid. l-Qulonic lactone^ m.p. 185®, yields Z-xylose when oxidized 
with H5JO2 (p. 673); phenylhydrazide, m.p. 148® (Ber. 23, 2628: 24, 628). 

d^-Gulonic acid readily changes into its lactonef which by crystallization 
splits into d- and Z-gulonolactone. Calcium dl-gulonate dissolves with more 
difficulty than calcium d- and ^-gulonate ; phenylhydrazide, m.p. 154° (Ber. 25, 
1025). 

Z-ldonic acid is formed together with Z-gulonic acid from xylose, and is 
separated by means of its brucine salt from the mother liquor of i-gulonolactone. 
Heated with pyridine to 140°, it changes in part to ^gulonic acid, and vice versa. 
/-Idose is its reduction product (p. 697). d-Idonic acid, obtained from d-gulonio 
acid by means of pyridine, yields d-idose on reduction (Ber. 28, 1975). 

d^-Galactonic acid results in the reduction of ethyl mucate and also of the 
lactone of mucio acid ; lactoncy m.p. 122-126° ; ^ phenylhydrazidef m.p. 205°. 
This acid can be resolved by means of its strychnine salt into the Z-salt, which 
is more easily soluble in alcohol, and the d-salt, which dissolves with more 
difficulty (Ber. 25, 1256). 

d>Galactonic acid, lactonic acid, CH20H[CH0H]4C02H, is produced from 
lactose, d-galactose, and gum arabic by the action of bromine water or nitric 
acid (Ber. 54, 456) and together with d-talonic acid, from d-l^ose cyanohydrin 
by hydrolysis (Ber. 33, 2146). It can be converted into d-talonic acid by epimeri- 
zation. It is converted into mucio acid by oxidation with nitric acid (p. 718). 
It crystallizes, and at 100°, yields d-galactmic lactone, CgHioOc* Md — 

70*8°, which unites with water of crystallization to form CgHioOe -f H2O, m.p. 64® 
(Ann. 271, 83). Acetyl chloride produces triacetylchloroyalactonic lactone, OgHeOj- 
(OCOCHs)sCi, m,p. 98® (Ber. 35, 943). Reduction converts the lactone into 
d-galactose (p. 697) ; calcium salt, 4* SHaO ; phenylhydrazide, m.p. 

200-205° ; amide, m.p. 175° ; anilide, m.p. 210° (Ber. 28, R. 606). 

Dimethylene galacfonic acid, O^>}O^{CB.^)z0O^, m.p. 136° (Ann. 310, 181). 
PenlaacetyUd-galactonic nitrUe, b.p. 136°, is formed from d-galactose oxime and 
acetic aiffiydride, and yields, with silver oxide and ammonia, the acetamide 
compoimd of lyxose (p. 673). 

d-TalOnic acid, OHaOH[OHOH]4COaH, results together with hydroxy- 
methylene pyromucic acid on heating d-galactonio acid with pyridine or quinoline 
to 140-150°. Conversely, d-galactonic acid is obtained from d-talonio acid by 
the same treatment (Ber. 27, 1526). Reduction changes it to d-talose (p. 697). 

a-RhamnosecarboxyUc acid, CH3[CH0HJ5C02H, is formed from rhamnose 
(see isoDulcitol, p. 675) with HNC, etc. ; lactone, C^HigOe, m.p. 162-168° [a]i> -f 
86° (Ber. 21, 2173) ; phenylhydrazide, C7Hi306*N2H2C6H5, m.p. about 210° (Ber. 
22, 2733). When heated with hydrochloric acid and phosphorus it is reduced 
to «.-heptylio acid, C7H14O3 ; sodium amalgam reduces the lactone to methyl- 
hexose (p. 698) (Ber. 23, 936). Oxidation produces mucic acid (Ber. 27, 384). 

j5-Rhamnosecarboxylic acid is formed when the a-compound is heated to 
150-155® with pyridine ; lactone, m.p. 134-138® [a]® 4- 43*3° ; phenylhydrazide, 
m.p. 170°.^ Oxidation converts the ^-acid into Z-talomucic acid (p, 719). 

Chitonic acid, which is produced from chitose (p. 699) and bromine water, 
and chitaric acid, C^HioOe, prepared from d-glucaminic acid (see above) and 
nitrous acid are probably stereomeric trihydroxymethyltetrahydrojitrancarboocylio 

HOCH2*CH(£)CH(OH)0H(OH)CHCO2H, since acetic anhydride converts 
hito th e acetyl derivative of hydroxymethylpyromucic acid, CH2C0*0*CH2*- 

C{0) : CH'CH : CCOaH (Vol. H) ; Ber. 36, 2587), Oxidation with HaOa and 
ferrous sulphate degrades chitonic acid into d-arabinose or d-ribose (p, 676) 
(Ber. 35, 4016). 

Glucosamimc acid, Oramino-pyBe^tetrahydroxycaproic acid, HOCH2[CHOH]3- 
CH(NH2)COaH, is known in d-, 2-, and dZ-forms, d- and Z-Glucosaminic acids are 
prepared from d- and Z-arabinosimine (p. 699), hydrocyanic and hydrochloric 
acids, and unite to form the less soluble d2-acid. d-Glucosaminic acid is also 
prepared from d-glucosamine and bromine water. Alcohol and hydrochloric 
acid convert it into a lactone-like symp, which, on reduction with sodium amah 
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gam, regenerates d-glucosamine. Reduction with hydriodic acid produces a- 
aminocaproic acid ; with nitrous acid it forms chitaric acid (see above). It yields 
a- and ^-aminoglucoheptonic acids, CH20H[CH0H]3CH(NH2)CH0HC02H, with 
hydrocyanic and hydrochloric acids (Ber. 36, 27, 618). 

Galaheptosaminic acid, CH20H[CH0H]^CH(NH)2C02H, m.p. 240® with 
decomposition, is prepared from galacfcosimine (p. 699) and hydrocyanic and 
hydrochloric acids (Ber. 35, 3801). 


B. HEXOSECARBOXYLIC ACIDS, HEXAHYDROXYMONTO- 
CARBOXYLIC ACIDS 

Acids of this kind have been obtained from df-glucose, d-mannose, 
d-galactose, and d-fructose by the addition of hydrocyanic acid, and 
the subsequent saponification of the nitrile with hydrochloric acid. 

(1) d-Maimosecarboxylic acid, d^mannoheptonic acid, CHaOH‘[CHOHh*- 
CO2H, is obtained from d-mannose (Ann. 272, 197) ; phenylhydrazide, m.p. about 
220® (decomp.) ; lactone, m.p. 149® [a]® — 74*2®. Sodium amalgam reduces the 
lactone to d-mannoheptose, C7H14O7, and then to the heptahydric alcohol perseitol, 
C7Hia07 (Ber. 23, 936, 2226). Hydriodic acid reduces the acid to heptolactone 
and heptylic acid (see above and Ber. 22, 370). When oxidized it yields Z-penta- 
hydroxypimelic acid (Ann. 272, 194). 

/-Mannosecarboxylic acid is obtained. from f-mannose; phenylhydrazidi', 
m.p. about 220® ; lactone, m.p. 154®. 

dZ-Mannosecarboxylic acid is formed from d- and Z-mannosecarboxylic 
acids, as well as from dZ-mannose (Ann. 272, 184). 

(2) a-d-Glucosecarboxylic acid, a-d-glueoheptonic acid, CH80H[CH0H]5- 
COjH, is formed (1) together with the jS-acid from d-glucose ; (2) on heating 
the jS-acid to 140® with pyridine ; (3) by the hydrolysis of lactose- and maltose- 
carboxylic acids (p. 726) (Ann. 272 , 200) ; lactone, m.p. 140-146° [a]© — 66®. 
Hydriodic acid reduces it to heptolactone and normal heptylic acid. Sodium 
amalgam reduces the lactone to d-glucoheptose. Dimetkyleyie-aL-glucoheptonic 
lactone, C7H8{CH2)207, m.p. 280®. The acid, when oxidized, is converted into 
inactive pentahydroxypimelic acid (p. 719) ; phenylhydrazide, m.p. 171° (Ber. 19, 
1916 ; 23, 936 : space-formula, Ann. 270, 65). 

j5’d-GlucosecarboxyUc acid is formed together with the a-acid from 
dextrose ; phenylhydrazide, m.p, 151® ; lactone, m.p. 151®, and yields jS- d-gluco- 
heptose on reduction (p. 700). Dimethylene-p-glucoheptonic lactone, m.p. 230® 
(Ann. 299, 328 : 310, 181). 

a-d-Galactosecarboxylic acid, ct-galaheptonic acid, CHgOHCCHOHjsCOaH, 
m.p. 145®, is produced together with ^-gcdaheptonic aoid from galactose ; ktetone, 
m.p. 150°. Sodium amalgam changes it into a-galaheptose (p. 700). Wlieii 
oxidized it yields carboxy-d-galactonio acid (p. 719) (Ann. 288, 39). 

d-Fructosecarboxylic acid, CH20H*[CH0H]8C(0H)(G02H)CH20H, is ob- 
tained from fructose by the action of hydrocyanic acid. It yiel<fe tetrahydroxy- 
butanetricarboxylic acid when it is oxidized. Its lactone, m.p. 130® ; when 
reduced with sodium amalgam two aldoheptoses with branched C-chains result 
(Ber. 23, 937). Reduction with hydriodic acid forms heptolactone anda heptoic 
acid, C7Hi40a. The latter is identical with methyl-n.-butylacetic acid (p. 210). 
Hence it is evident that laevulose is a ketone-alcohol (Kiliani, Ber. 19, 1914 : 
23, 461 ; 24, 348). 


c. aldoheptosecarboxylic acids, HEPTAHYDROXY- 
CARBOXYLIC ACIDS 

d-Mannooctonic acid, CH20H-[CH0H]6C02H, has been obtained from 
d-maimoheptose (p. 700) ; hydrazide, m.p. 243° ; lactone, m.p. about 168°, has 
a neutral reaction, and a sweet taste. By reduction it forms d-mannooctose 
(p. 700). 

a- and jS-Glucooctonolactone, m,p. 145° and 186° (Ann. 270, 93). 

oc-Galaoctonolactone, from a-galaheptose (Ann. 288, 149). 
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D. ALDOOCTOSECARBOXYLIC ACIDS, OCTOHYDROXY- 
CARBOXYLIC ACIDS 

d-Mannonononic acid, CH20H[CH0H]7C02H, has been obtained from d- 
mannooctose ; hydrazide, m.p. 254®; Zactoe,^ m.p. 176® [a]o — 41°. When 
reduced it forms d-mannononose (p. 700). 


6 . TETRAHYDROXY- AND PENTAHYDROXY- ALDEHYDE 

ACIDS 

{^-Glucuronic acid {glycuronic acid), CH0(CH0H)4C02H, is ob- 
tained by decomposing euxanthic acid (Vol. II) on boiling with 
dilute sulphuric acid. Various glucoside-like compounds of glycu- 
ronic acid with camphor, borneol, chloral, phenol, and different other 
bodies (Ber. 19, 2919, R. 762) occur in urine after the introduction 
of these compounds into the animal organism. In this change the 
substances mentioned combine with the aldehyde group of dextrose, 
the primary alcohol group of which is then oxidized. Boiling acids 
decompose them into their components. 


Synthetically, such conjugated glycuronic acids can also be obtained from 


diacciylbromoglycurolactorie, GHBr*CH{OAc)*CH*CH-CH(OAc)'CO, m.p. 90°, tho 

] o 1 

product of reaction between glycuronic lactone and acetyl bromide which react 
with euxanthone (Vol. II) or phenol (Vol. II) and sodium alcoholate, to give 
rise to euxanthic or phenol glycuronic acids (C. 1905, I. 1086). Glycuronic 
acid can be identified in animal secretions by the blue-coloured substance, soluble 
in ether, which is formed with jS-naphthoresorcinol and hydrochloric acid (Ber. 41 , 
1788). 

Glycuronic acid is usually met with as a syrup, but can be obtained crystalline 
with difficulty (Ber. 58, 1990). It then melts at 167®, and shows mutarotation 
in aqueous solution from -f- 11*7® to -f- 36*26°. Its lactone, glucurone, melts at 
175°. (Derivatives of the lactone, see Ber. 33, 3315.) 

Bromine water oxidizes it to d-saccharic acid. When saccharic acid is 
reduced glycuronic acid results (Ber. 23, 937), and by further reduction d-gluconic 
acid (p. 713) is formed (Ber. 24 , 525). The acid unites with potassium cyanide 
to form the half -nitrile of a-glucopentahydroxypimelic acid (p. 719) ; with three 
molecules of phenylhydrazine to form an osazonc, m.p- 200-205° ; and with 
urea, accompanied by loss of water (C. 1905, I. 1084). 

tfrochloralic acid, C7H11CI3O7, m.p. 142°, decomposes with water absorption 
on boiling with dilute hydrochloric or sulphuric acid into glycuronic acid and 
trichloroethyl alcohol (p. 144). Urobutylchloralic acid, CioHi5Cl307, decomposes, 
like the preceding body, into glycuronic acid and aa^-trichlorobutyl alcohol (p. 146). 

Galacturonic acid, the corresponding compound of the galactose series, is 
an important constituent of the pectin material of plants. 

Aldehydogalactonic acid, COHCCHOEjgCOaH, is obtained from d-galactose 
carboxylic acid, and may be converted into carboxygalactonic acid (p. 719). 


7. MONOKETOTETRAHYDROXYCARBOXYLIC ACIDS 

Hydrossygluconic acid, H0CH2*C0[CH:0H]3C02H, is formed, together with 
d-arabinoae, when calcium gluconate is oxidized ; also by bacterial action (Ber. 
32, 2269). 
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8. POLYHYDROXYDICARBOXYLIC ACIDS 

A, TETRAHYDROXYDICARBOXYLIC ACIDS 

These are obtained by the oxidation of various carbohydrates with 
nitric acid, and are readily prepared from the corresponding mono- 
carboxylic acids (p. 711) upon oxidation with nitric acid. Manno- 
saccharic acid, the saccharic acids, and the mucic acids are the most 
important representatives of the series. Gluconic acid yields saccharic 
acid, galactonic acid mucic acid, and mannonic acid mannosaccharic 
acid. Their lactones, by very careful reduction, can be converted 
into tetrahydroxyaldehydocarboxylic acids and pentahydroxycar- 
boxylic acids. When reduced by HI and phosphorus the preceding 
acids are converted into normal adipic acid (p. 561), hence all of 
them must be considered as normal stereoisomeric tetrahydroxy- 
adipic acids. Theoretically, ten simple and four racemic modifica- 
tions are possible, as in the case of the w.-hexitols (p. 704). All the 
tetrahydroxyadipic acids, when heated with hydrochloric or hydro- 
bromic acid, change more or less readily to dehydromucic acid (Ber. 
24, 2140). 

(1) Mannosaccharic acid, C02H[CH0H]4C02H, is known in three modifica- 
tions (configurations, p. 704), which pass into double lactones W'hen they are 
liberated from their salts. They also result upon oxidizing the three mannonic 
acids with nitric acid (p. 712). 

d\-Mannosaccharolactonc^ CeH^Og, m.p. 190° (decomp.), is formed by the 
union of d- and Z-mannosaccharolactones and also from dZ-mannonolactone ; 
diamide, m.p. 184° ; dihydrazide, m.p. 220-225° (Ber. 24 , 545). 

d’Mannoaaccharolactonei 4* 2 H 2 O, m.p. 181° (anhydrous) [ajn + 

204‘8°, is produced when d-mannitol, 3-mannose, and d-mannonic acid are oxidized 
with nitric acid ; diamide, m.p. 189° ; dtliydrazide, m.p. 212° (Ber. 24 , 544). 

hMannosaccJiarolactone, metasaecharic acid, CgHflOg + 2 H 2 O, m.p. 68° (an- 
hydrous), 180°, is produced when Z-mannonic acid and the lactone of Z-arabinose- 
carboxylic acid are oxidized (Ber. 20 , 341, 2713) ; diamide, m.p. 190° ; dihydra- 
zide, m.p. 213°. Diacetyl-l-maimosaccfiarolactoyie, m.p. 155° (Ber. 21 , 1422 : 
22 , 525 : 24 , 541). 

(2) d- and Z-Idosaccharic acids are syrups. They are obtained by oxidizing 
the corresponding idonic acid (p. 714) (configurations, p. 704). 

(3) Saccharic acid, C02H[CH0H]4C02H, exists in three modifi- 
cations (configurations, p. 705). 

dZ- Saccharic acid is formed by the oxidation of dZ-glueonic acid. Its 
monopotassium salt is formed on mixing solutions of equal quantities of the 
cZ- and Z-salt ; dihydrazide, m.p. 210° (Ber. 23 , 2622). 

Ordinary, or d-Saccharic acid, results in the oxidation of sucrose 
(Ber. 21, R, 472), d-glucose (grape sugar), d-gluconic acid and d~ 
gluconic lactone (Ber. 24, 521), and many carbohydrates with nitric 
acid ; also from the action of bromine water on glucuronic acid 
(p. 716). 

It forms a deliquescent mass, readily soluble in alcohol, which 
is dextrorotatory, [a]i) (Equilibrium, acid + lactone) 22-5®, and 
gradually solidifies to a mass of crystals of the lactonic acid CeH^O?, 
m.p. 131 ®, Md + 37*9®. Sodium amalgam reduces it to glycuronic 
acid and hydrio^e acid to adipic acid. On oxidation, d-saccharic 
acid yields, together with oxalic acid, 61% of d-tartaric acid and 
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38% of racemic acid (Ann. 429, 152). The diamide of saccharic 
acid is degraded by bromine and alkali to the dialdehyde of i-tartaric 
acid (Ber. 54, 2651). 

The hydrogen -potassium sail, CjHjOsK, and the ammatiium salt, CjHjOalNHj), 
dissolve with difficulty in cold water ; diethyl ester is crystalline ; ethyl ester 
tetraacetate, m.p. 61°. Acetyl chloride, acting on free saccharic acid, converts 
it into the lactone of diacetylsaccharic acid, m.p. 188°. Mom- 

methylenesaccharic acid (Ann. 292, 40). The diamide is a white powder ; dihydra- 
zide, m.p. 210° (decomp.) (Ber. 21, R. 186). 

Z-Saccharic acid is obtained upon oxidizing Z-gluconic acid with nitric acid. 
It is quite similar to d-saccharic acid, but is laevorotatory. It also forms a 
dihydrazide, m.p. 214°. 

(4) Mucic acid, C02H[CH0H]4C02H, m.p. 210° (decomp.), cor- 
responds in constitution with dulcitol, and possesses the space-formula 
No. 7 (p. 705), one of the two theoretically possible forms of tetra- 
hydroxyadipic acid, optically inactive through internal compensation. 
This is supported by its oxidation to racemic acid, and its formation 
by oxidation from a-rhamnosecarboxylic acid (p. 714) (Ber. 27, 396), 

It is also obtained in the oxidation of dulcitol, lactose (Preparation, 
Ann. 227, 224), d- and Z-galactose, d- and Z-galactonic acid, and nearly 
all the gum varieties. 

It is a white crystalline powder, almost insoluble in cold water 
and alcohol. When boiled for some time with water it passes into a 
readily soluble laotonic acid, CeHgO?, formerly designated paramucic 
acid, which corresponds with d-saccharolactonic acid (p. 717 : Ber. 
24, 2141). Reduction changes this lactonic acid into d?-galactonic 
acid (p, 714 : Ber. 25, 1247). The semi-amide of mucic acid on 
oxidation with hydrogen peroxide in presence of ferric acetate yields 
the amide of l37xiironic acid, one of the pentose aldehydo-acids (Ber, 
54, 1362). Mucic acid on heating with pyridine to 140° is partly 
converted into allomucic acid (p. 719), the change being reversible 
under these conditions. 

The ready conversion of mucic acid into heterocyclic derivatives 
is rather remarkable. Digestion with fuming hydrochloric or hydro- 
bromic acid changes it to furandicarboxylic acid [dehydroniMcic acid) : 

/COoH 

CH(OH}CH(OH)C02H CH=C< 

1 = I NO + SH,0. 

CH(0H)CH(0H)C02H CH-C< 

\CO2H 

When mucic acid is heated alone it loses carbon dioxide and 
becomes converted into furanmonocarboxylic acid {pyronmcic acid) : 

C4H4(OH)4(COaH)4 = C4H80-C02H -f- -f COg. 

Heated with barium sulphide it passes in like manner into a- 
thiophencarboxylic acid (Ber. 18, 457). 

Pyrrole is produced when the diammonium salt is heated : 

C8H8{NH4)208 = C4H4NH 4- NH3 -f 2CO2 + ^HjO. 

The action of PCI 5 yields dichloromueonic acid (p. 578). 

Salts and Esters-^The di-potassium salt and di-ammonium salt crystallize 
well and dissolve with difficulty in cold water ; the rmno-alkali salts dissolve 
i-eadily. I'he silver salt, CuHgAgjOg, is an insoluble precipitate; diethyl ester. 
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m,p. 158°; tetraacetyl diethyl ester, m.p. 177° (Ber. 21, E. 186: C. 1898. 11. 
963). 

(5) Ailomucic acid, C^HioOg, m.p. 166-171°, is optically inactive, and 
more soluble than muoic acid, from which it is obtained on heating with pyridine, 
by a reversible reaction (Ber. 24, 2136). 

(6) Talomucic acid, C02H[CHOH]4CO2H, is known in two space-isomeric 
modifications : 

d-Talomucic acid, m.p. about 158° (decomp.), and resulting from the oxidation 
of d-talonio acid (Ber. 24, 3625). 

hTahmucic acid, prepared by oxidizing jS-rhamnosecarboxylic acid (p. 714) 
(Ber. 27, 384). 

(7) i«oSaccharicacid,COaH-(!!H-CHOH-CHOH-<!fflOO,H, in,p. 185°, [a]„ =- 
+46*1°, results from glucosamine (p. 699) upon oxidizing it with nitaic acid (Ber. 19, 
1258 : see also Chitonic and Chitaric acids, p. 714). The acid itself and some 
of its derivatives are tetrahydrofuran derivatives, as shown by the constitutional 
fomula. Other derivatives are referred to the hydrated form, i.e. tetrahydroxy- 
adipio acid, and these are described as nori^osaccharic derivatives, e.g. ethyl 
nori^osaccharate, CgH808(C2Hs)2, m.p. 73°, which changes in a desiccator to 
ethyl iaosaccharate, m.p. 101°. DiacetyKsosaccharic ester, m.p. 49° (Ber. 27, 


B. PENTAHYDROXYDICARBOXYLIC ACIDS 

Glu^pentahydroooypimelic acid, C02H[CH0H]5C02H, is produced in the 
oxidation of dextrosecarboxylio acid with nitric acid ; lactone is crystalline, 
m.p. 143° (Ber. 19, 1917). 

OL’Oalapentahydroosypimelic acid, C02H[CH0H]5C02H, m.p. 171° (decomp.), 
is formed in the oxidation of a-d-galactosecarboxylic acid with nitric acid. It 
dissolves with difficulty in water, and crystallizes in plates. 

p-Qalapentahydroxypimelic acid formed from jS-galaheptonic acid and nitric 
acid (Ann. 288, 155). 


9. TETRAKETODICARBOXYLIC ACIDS 

Acetonylacetonedioxalic ester, CaH502C*C0*CH2C0CHa*CH2C0CH2*C0‘C02- 
O2H5, m.p. 101°, is prepared from acetonylacetone (p. 405), oxalic ester, and 
sodium in ethereal solution. Hydrazine produces ethanedipyrazylcarboxylic 
ester (Ber. 33, 1220), 

oux'-Diacetyl'^^-diketoadipic acid, CHsCP*CH(C02H)COCOCH(C0CHs)CO2H, 
is the hypothetical parent substance from which is derived dicyanobisaceto- 
acetic ester (1), m.p. 132°. This is prepared &om dicyanomonoacetoacetie ester 
(p. 663), acetoacetic ester, and a Uttle sodium alcoholate. Alkalis convert it 
first into a yellow lactam (2), m.p. 136°, and later into the free acid, m.p. 230° 
(decomp.). Reduction with sodium amalgam, accompanied by simultaneous 
ketone decomposition, forms Pydiamino-oLh’diacetylvaleric ester (3), m.p. 35° 
(Ann. 332, 138) : 

,,, ‘EacS>CH-fNH) 

CHgCOCHa-CHNH* 

10. TRIKETOTRICARBOXYLIC ACIDS 

a‘‘Acetyl’pp'-diketoadipic~oi'‘Carboxylidacid,CHfiOOB^{CO^)COOOCB.{COfp.)t, 
has, as a derivative, dicyanoacetoacetic mcdonic ester, CH8C0CH(C02C2H5}C(NH)- 
C(NH)CH(*C02C2H5)2, m.p. 93°, the reaction product of dicyanoacetoacetic ester 
(p. 663) and malonie ester (Ann. 332, 144). But dicyanomalonie ester sodium 
acetoacetic yield dicyanonudonuxtce^cetic est&r lactam, m.p. 137° (indefeite). 

Sunilarly, dioyanocyanoacetic ester and sodium acetoacetic ester give rise to 
dicyanocyanoaceticacetoacetic ester laciam, m.p. 168° (indefinite) {Ann, 332, 129). 

OixxdyMimcdonic acid, pp' diketoadipic-ou)L*dicarbascylic acid, (H020)gCH*C0- 
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C0CH(C02H)2, is the hypothetical parent substance of dicyanobistmlonic 
acid^ (H02C)2CHC(NH)-C(NH)*CH(C02H)2, of which the dilactam is formed from 
dicyanogen and sodium malonic ester. Sodium amalgam reduces it to diamino- 
adipic dicarboxylic acid, which loses CO2 and becomes changed into ^jS'-diamino- 
adipic acid (p. 660) (Ann. 332, 122). 


11. HYDROXYKETOTETRACARBOXYLIC ACIDS 

COgB CO2RCO2R 

I i I 

OxalocHm lactone- ethyl ester, OH — ~C — CH2,b.p. 210730 mm., is prepared 

I I 

CO— COO 

from two molecules of oxaloacetic ester by aldol condensation and lactone formation 
(Ann. 295, 347). 

12. DIKETOTETRACARBOXYLIC ACIDS 

Dioxalosuccinic ethyl ester, [Et0‘C0*C0*CH(C02Et)*]2, is formed by the con- 
densation of succinic and oxalic esters by sodium ethoxide. When distilled 
under greatly reduced pressure it loses CO and is converted into ethanetetra- 
carboxylie ester. W’hen liberated from its disodmm compound by sulphuric acid 

0 CO 

1 I 

it gives dioxalosuccinic lactone ethyl ester, Et02C-C : C(C02Et)*CH*C0*C02Et, m.p, 
89® (Ann. 285, 11). 


13. HEXACARBOXYLIC ACIDS 


Ethanehexacarboxylic acid, (COOH)3C*C{COOH)3, is known only in the form 
of its ethyl ester, m.p. 101°, which is obtained in small yield by the electrolysis of 
the sodium salt of methanetricarboxylio ester (q,v.) (Ber. 54, 900). Other deriva- 
tives of ethanehexacarboxylic acid are Hs^cyammahnic ester, NC-C(C02C2H5)2’C- 
(C02C2H5)CN 4- IJH2O, m.p. 57°, which is obtained by electrolysis of sodium 
cyanomalonic ester (C. 1905, 1. 1141). Also, by the action of carbon disulphide 
and bromine on so^um malonic ester and sodium cyanoacetic ester there is 

(R02C)2C-CS\ 

formed dithiotetrahydrothiophentetracarboxylic ester, | (Ber. 34, 

(R02C)2C-CS/ 

1043). 

Pentane-acLyyee-hexacarboxylic ester, (Et02C)2CH*CH2*C(C02Et)2CH2CH(C02- 
Et)g, m.p. 54°, b.p. 155°/15 mm., is prepared by condensation of two molecules 
of formaldehyde and three of malonic ester brought about by diethylamine. 
Its disodium salt with bromine yields a eyeZopentane derivative (J.C.S. 77, 298). 

Pentane-oi^^BBe-hexacarboxylic ester, CH2[C(C02Et)2*CH2*C0gEt]a, m.p. 64°, 
b.p. 230“240°/12 mm. (J. pr. Chem. [2] 66, 112). 

Hexane-oLyyBBi-hexacarboxyUcester,CJ3is,OfiCRfi'H.2C{COfi2^&h^{OOfi2'Bs)t~ 

CHgCHg'COgCaHg, is formed from disodium ethanetetracarboxylic ester and two 
molecules of ^-iodopropionic ester. Hydrolysis and decomposition produces 
diglutaric acid (J.C.S. 85, 614). 

Heptanehexacarboxylic add. A derivative of this acid is trimethylenedicyano- 
succinic ester z 


C 2 H 502 C'CH 2 ^p^C]Sr NC^p^CHa-COgCaHs 

CaHsOjd^^^CHg-CHa-CHo^^^COoCgHs 


m.p. 69°, b.p. 215° Jl mm., produced by the interaction of trimethylene bromide 
on sodium cyanosuccinic ester (C. 1897, 11. 520 : 1899, I. 826). 

A^^endix. — Higher polycarboxylic dhyl esters may be obtained from sodium 
propane pentacarboxyllc ester, chloromalonic ester, and chloropropane penta- 
carboxylic ester, giving, rise to butaneheptacarboxylic ester, C4H8(C02C2H5)7, 
b.p. 280~286°/130 mm., and hexanedecacarboxylic ester, CeH4(C02C2H5)\o, a yellow 
oil. Octanetetradecacarboxylic ester, CJili{COiC 2 Pi^)n, is prepared from sodium 
butaneheptacarboxylic ester and chlorobutaneheptacarboxylic ester. It is the 
highest-known carboxylic ester, and consists of a thick oil (Ber. 21, 2111). 


•f- H.'i 



CARBOHYDRATES * 


This term is applied to a large class of compounds, widely dis- 
tributed in nature, comprising natural sugars, and substances related 
to them. They contain six, or a multiple of six, carbon atoms. The 
ratio of their hydrogen and oxygen atoms is the same as that of 
these elements in water, hence their name. 

Most of the carbohydrates have their origin in plants, although 
some are probably also produced in the animal organism. Those 
which occur in the vegetable kingdom meet with the most extensive 
employment. 

Carbohydrates serve for the preparation of alcoholic drinks (p. 142). 
Sugars, particularly cane sugar, form the basis of many foodstuffs. 
Starch is the chief ingredient of flour from which bread, the most 
important food, is made. It is found stored up in potatoes and grain 
fruits. Cellulose, related to it, is the principal constituent of wood, 
cotton, etc., and is applied in paper-making and for the production 
of explosives. The carbohydrates in conjunction with the proteins 
and fats constitute the most important food-materials for man. 

Their molecular complexity is the basis of their arrangement into 
these classes : 

Monosaccharides (Monoses), 

Disaccharides, 

Trisaccharides, 

Polysaccharides. 

The monosaccharides, including glucose and fructose, have already 
been discussed in connection with the hexahydric alcohols, of which 
they are the first oxidation products (p. 679). 

Nearly all of the naturally occurring carbohydrates are optically 
active. The specific rotatory power is not only influenced by the 
temperature and concentration of their solutions, but very frequently 
also by the presence of inactive substances (Ber. 21, 2588, 2599). 
Some representatives also exhibit the phenomenon of mutarotation 
(p. 690). The determination of this rotatory power of the carbo- 
hydrates by means of the saccharimeter serves to ascertain their 
purity, or for the determination of their amount when dissolved ; 
optical sugar test, saccharimetry. 

Constitution and Classification 

Constitutionally, the di- and tri-saccharides are ether-like anhy- 
drides of the monoses. According to the mode of combination of 
the monoses to form the compounds C 12 H 22 O 11 , or, more generally, 
nCeHiaOfi — {n — 1 )H 20 , the following types can be distinguished. 

* For literature of carbohydrates, see references given on p. 683. 

VOL. 1. 721 3 a, 
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1. Non-reducing Disaccharides, Trehalose Type. The monose resi- 
dues are united by a glucosidio link ■which invol'ves both reducing 
groups, e.g . : 


CHnOH'CH-CHOH-CHOH-CHOH-CH-O-CH-CHOH-CHOH'CHOH-CH-CHaOH 

I : n 1 i O - ’ 


The characteristic features of this class are their inability to 
reduce Fehiing’s solution, and their failure to form osazones. Ex- 
amples are cane sugar and trehalose. 

2. Reducing Disaccharides. Maltose Type. Here the glucosidic 
link involves only one of the reducing groups of the constituent 
monoses, the other monose residue being attached by one of the 


2 — 6 carbon atoms, e.g. : 


CH.OH-CH-CHOH-CHOH-CHOH-CH*0-OH,-CH-CHOH*CHOH-CHOHCH*OH 


Here the characteristic features are the reduction of Fehling's 
solution and the formation of osazones. Examples of this class are 
maltose, cellobiose, lactose, gentiobiose, etc. 

Disaccharides of the molecular formula (C6Hio06)2 are further an- 
hydrides of the above classes. 

Nomenclature. — The disaccharides can be systematically named by 
employing arable numerals to indicate the carbon atoms of the 
monoses involved in the glucosidic link, and figures enclosed in brackets 
to indicate the position of the oxide rings. The disaccharides 
formulated above, assuming both monose residues to be glucose, can 
then be described as : 


l-61ucosido<Cl : 5^-l-glucose<^l : and 

l-Glucosido<Cl : 5>-6-glucose<ll : 5>. 


When this is known, the compounds can be identified as belonging 
to the a- or j3-glucoside series, by the addition of the appropriate 
Greek letter. The type of sugar residues involved can also be indicated 
by the furanose-pyranose nomenclature (p. 690). 

Determination of Constitution. — ^The most important information 
as to the constitution of the di- and poly-saccharides is given by the 
identification of the constituent monoses. For this purpose, hydro- 
lysis of the polysaccharide by dilute mineral acids or enzymes is 
employed. The behaviour of a polysaccharide towkrds Fehling’s 
solution and phenylhydrazine generally permits of a polysaccharide 
being assigned to one of the classes referred to above. 

* A more difficult problem is the determination of the position of 
the links uniting the monose residues. The British school (Haworth, 
Irvine, Purdie and others) has developed a method of general applica- 
tion, all free hydroxyl groups of the di- and polysaccharide being 
methylated, and the resulting fully methylated product hydrolysed 
with 5% hydrochloric acid. Irvine used methyl iodide and silver 
oxide, Haworth methyl sulphate and alkali as their methylating 
agents. On hydrolysis of the methylated product, the methyl groups 
remain attached, and the free hydroxyl groups in the hydrolysed 
products afiord a clue to the position of linkage. The method depends 
upon the assumption that in the process of methylation, no constitu- 
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tional alteration such as wandering of methyl groups or change in 
the position of an oxide ring takes place, and that the constitution 
of the simple methylhexoses is completely determined : so long as 
these conditions cannot be completely fulfilled, the solution must be 
completed by other methods. 

The degradation method of Zempl^n (Ber. 59, 1258) for the reduc- 
ing disaccharides is of great value for this purpose. It consists in 
treatmg the readily obtained oximes of the disaccharides with acetic 
anhydride and sodium acetate, whereby the octaacetylbionic nitriles 
are formed, the latter being degraded by the action of sodium methylate 
on a chloroform solution into a disaccharide containing one carbon 
atom less than the original, NaCN and the acetyl groups being split 
ofi in the reaction. (Cellobiose, Ber. 59, 1254: Lactose, Ber. 60, 
1309 : Maltose, Ber. 60, 1558.) 

The position of the oxide rings in the monose residues is deter- 
mined simultaneously with the determination of the positions in 
which linkage has taken place : the methods previously referred to 
are also of value here. Carbohydrates containing a ring other than 
an amylene oxide one are sometimes characterized by extraordinary 
ease of hydrolysis and by their capacity to reduce neutral perman- 
ganate and to condense very readfiy with acetone. 

The assignation of di- and poly-saccharides to the a- and j3-gluco- 
side series has so far been possible only in a limited number of cases. 

Synthesis of Disaccharides . — ^The synthesis of certain disaccharides 
affords support to the findings obtained above. Fischer, in 1895, by 
the action of concentrated hydrochloric acid on glucose obtained a 
disaccharide, which he named ^somaltose. The synthetic methods 
starting from the acetobromohexoses are somewhat less equivocal in 
their results. For instance, from acetobromoglucose in ethereal solu- 
tion there is obtained by the action of aqueous silver carbonate, 
together with tetraacetylglucose, the octaacetyl derivative of a di- 
saccharide, which of necessity must belong to the non-reducing series 
(Ber. 42, 2776). This demonstrates the limitation of the method. 

A more generally applicable method is that of condensing aceto- 
bromoglucose with the sodium derivative of a hexose (Fischer, Ber. 
35, 3144), The hexoses so obtained have their constitutions only 
in part determined. 

Pictet has devised a novel synthetic method for disaccharides, 
equimolecular quantities of two arJiydrohexoses being heated together. 
He succeeded by this method in synthesizing maltose by purely 
chemical means from glucosan and Isevoglucosan (BuU. Soo. Chim. 
[4], 27, 652). Further synthetic methods, see Helv. Chim, Acta. 
4, 319, 796 : Ber. 54, 1564. The most important problem in the 
synthesis of carbohydrates, the introduction of monose residue at a 
definite position in a second monose molecule, has recently been 
successfully carried out. The acetone-sugars and partially acylated 
hexoses and their triphenylmethyl ethers form the starting material. 
(See Synthesis of gentiobiose, p. 728 : Ann. 447, 27.) 

A number of naturally occurring disaccharides can be obtained 
syntheticaDy by the action of enzymes on their components (see 
Enzymes). 
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A. DISACCHARIDES. SACCHAROBIOSES 

1 . pentosidobexoses. — ^These yield on hydrolysis one molecule of pentose 

and one of hexose. ^ 

Primverose, l-^-‘Ocylo8ido<li&>-^-ghico36<\ iq>, m.p. -^uy , lotjj, -i- 
22*7® (initial), — 3*4° (final), occurs as the glucoside primverin in various plants, 
ftmnng others in the root of Prirmda officiruUis. Osazone, m.p. 220° (Compt. 
rend. 109, 871, 975). Synthesis, Helferich, Ann. 455, 168. 

A number of hexosidopentoses are obtained by the degradation of hexosido- 
hexoses by Zempl4n’s method. , . , , , 

\.oL‘Olu€osido<l X 5>-3-ora6inose<l : 5> from maltose, obtained as phenyl- 
osazone, decomp. 195° (Ber. 60, 1558) : l-^-glucosido<l : 5> -^-arabi7iose<l x 5> 
from cellobiose ; crystalline acetyl derivative : osazone, decomp. 210° (Ber. 59, 
1254). 

\-Galactosido<\ : 5>-3-ara5i?iose<l : 5> from lacto^, or by the oxidative 
degradation of calcium lactobionate. [ajjj — 50*3° (initial), — 63° (final, in 
water). Benzylphenylhydrazone, m.p. 214° (decomp.) (Ber. 60 , 1309). 1-Galacto- 
8ido<l ; 5>-2(?)-ara6tnose<l : 5> from melibiose. Only obtained m solution, 
and does not form an osazone (Ber. 60, 923). 

2. Hexosidohexoses. — ^These yield on hydrolysis by acids or 
enzymes two molecules of hexose, according to the equation : 

Cx AaOn + H,0 = 


L Non-reducirig DisaccJiarideSf Ci2H220ii 
1. Glucosidogiucoses. — Trehalose, l-a-glitcosidoK 1 x5>-l-gluco8e<l 1 5> 
is obtained from various plants, especially seaweeds and fungi. The plant 
Selaginella lepidophylla of America is the best source for the preparation of 
trehalose. Trehalose has m.p. 96-97° and [a]» + 197°. 

MoTrehalose, [a]^,J — 39*4°, is.obtained together with tetraacetylglucose from 
j8-acetobromoglucose and silver carbonate (Ber. 42, 2776). Octaacetyl derivative, 
m.p. 178° [a]^ — 17*2° (in benzene). 


2. Glucosidofructoses. — Saccharose, cane sugar, C 12 H 22 O 11 , the 
most important of the sugars, occurs in the juice of many plants, 
chiefly in sugar cane (Saccharum officinurum) (20 per cent, of the 
juice), in some varieties of maple, in the sorghum (Sorghum sacchara- 
turn), and in beet-roots (Beta mariiima) (10-20 per cent.), from which 
it is prepared on a commercial scale ; and also in the seeds of some 
plants (Ber. 27, 62). 

Whilst the hexoses occu^ mainly in fruits, sucrose is usually 
contained in ,the stalks of plants. The sugar cane contains, together 
with the sucrose, Isevulose and dextrose, of which the quantity 
diminishes with the growth of the plant. 

Historical ^ — Sugar has been obtained from sugar cane from the earliest times. 
In the Middle Ages sugar cane was a rarity in Germany ; it was only after the 
discovery of America that it was gradually introduced as a sweetening agent. 
In 1747 Marggraf, in BerUn, discovered sucrose in beet-roots, an observation 
which became the basis of the beet-sugar industry, bn 1801 Aehard, in Silesia, 
erected the first beet-sugar factory. The continental blockade forced by 
Napoleon I hastened the development of the new industry, which during the 
last fifty years has attained a constantly increasing importance in Germany. 
The total sugar production of the world in 1930-1 was some 29 million tons, 
about 18 milli o ns being derived from sugar cane and 11^ million tons from beet. 

Technical Production,* The sugar is removed from the cane or from the 

* Claassmx Die Zuckerfabrikation, 4. Aufl. 1918, (Magdeburg, Schallehn 
und Wollbriick) : Herzog, Chemische Technologie der Organischen Verbindungen, 
2. Aufi. 1927, (Heidelberg, Winter). Report on the Sugar Beet Industry, H.M. 
Stationery 0£6ce, London, 1931. 
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finely divided beets by the diffusion process. The saccharine juice diffuses 
through the cell walls, whereas the colloids in the latter remain behind. The 
filtered sap is heated to 80-90® with milk of lime, to saturate the acids, and pre* 
cipitate the proteins. The juice is next treated with carbon dioxide, phosphoric 
acid, or SOg (to arrest fermentation), filtered through animal charcoal, and is 
concentrated in vacuimi pans till it crystallizes. The mother-liquor, molassest 
is separated by centrifugation, and the solid is washed with a pure sugar solution 
(“ Kldrsel ”) or purified by recrystallization, and thus forms refined sugar. 

Sugar may be obtained from the syrupy mother liquor — ^the molasses, which 
cannot be brought to crystallization — ^by osmosis, depending upon diffusion 
through parchment paper, in apparatus similar to filter presses or by elution 
(Scheibler, 1865). The sparingly soluble saccharates of lime and strontium are 
obtained from the molasses (see below) and these are freed from impurities by 
washing with water or dilute alcohol. The purified saccharates are afterwards 
decomposed by carbon dioxide, and the juice which is thus obtained is further 
worked up. 

The molasses is also converted into rum (p. 142). 

Properties. — ^When its solutions are evaporated slowly, sucrose 
separates in large monoclinic prisms, and dissolves in one-third part 
water of medium temperature ; it dissolves with difficulty in alcohol. 
It has [a]^ + 66*5°. It melts at 160°, and on cooling forms a 
glassy mass (barley sugar) which very slowly becomes crystalline and 
loses its transparency. At 190-200° it changes to a brown non- 
crystallizahle mass, called caramel, which finds application in colouring 
foodstuffs. 

The quantity of sugar in solution may be determined by polariza- 
tion, using the apparatus of Sdleil-VentzJce-Scheibler, or the half -shadow 
instrument devised by Schmidt and Hdnsch (Ber. 27, 2282), as well as 
from the specific gravity by means of the saccharimeter of Brix, 

Beactions and Constitution. — By the action of enzymes, or by 
heating with dilute acids, cane sugar is converted into a mixture of 
equimolecular amounts of d-glucose and d[-fructose. The direction 
of the optical activity is reversed in this reaction, and the product 
is described as invert sugar. Cane sugar does not reduce Fehling's 
solution, but after this inversion, its products do so. Concentrated 
sulphuric acid converts it into a black, humus-like substance. When 
heated with nitric acid, saccharose is oxidized to d-sacoharic acid, 
tartaric acid and oxalic acid. When heated to 160° with acetic 
anhydride, the octaacetyl derivative, Gi^ILiiO^iOAc)^^, m.p. 67°, is pro- 
duced (Ber. 34, 4347). 

The constitution of saccharose is established by the formation of 
2:3:4: 6»tetramethylglucopyranose and 1:3:4: 6-tetramethylfruc- 
tofuranose when the octamethyl derivative of saccharose is hydrolysed 
(J.C.S. 1916, 109, 1314 : 1927, 2308, 2432). It is therefore to be 
represented as a l-glucosido<^l : 5^-2-fructose<^2 : 5^. Whether 
the sugar residues are linked as a- or /S-glucosides cannot at present 
be stated with certainty. 

CH,OH*CH*CHOH-CHOH*CHOH*CH 


r — ^ — \i 

CHjOH-CHOHOHCHOHCCHaOH 

The above formula is supported by the synthesis of the compound 
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by th© action of phosphorus pentoxid© on a chloroforni solution 
of e< 3 ^uiniolecular quantities of 2 : 3 i 4 ; 6-tetraacetylglucose and 
1:3:4: 6-tetraacetylfructose (furanose derivative) followed by hydro- 
lysis of the octaacetylsaccharos© so obtained (Pictet, Compt. rend. 
186, 724). 

Octametkylsucrose forms a syrup, b.p. 176°/0‘06® mm., [a]i, 4* 66'7° (methyl 
alcohol) (J.C.S. 109, 1314 : 123, 301). 

SctfCcharates. — Sucrose unites with bases to form saccharates. Cx2H220ii,*CaO -f- 
2 H 2 O is precipitated by alcohol, whilst Ci 8 H 220 n* 2 Ca 0 crystallizes on cooling. 
CijHgaOii-SCaO dissolves with ^eat difficulty (Ber. 16, 2764). Similar com- 
pounds are formed with the oxides of strontium and barium (see above) (Ber, 
16, 984). 

Thiotrehaloses. — Octaacetylthioiaotrehalose is obtained as colourless needles, 
m.p. 174®, [a]i, — 38*2®, by the action of potassium sulphide on acetobromo- 
glucose. It can be saponified to thioi^trehaloset m.p. 174®, [«]» — 84*7®, and 
only by prolonged heating with acids is it hydrolysed with loss of HjS (Ber. 
50, 793). 

Selenotrehaloses, see Ber. 50, 800. 

IL Beducing Disaccharides Ci 2 H 2 aOii 

Maltose, malt sugar, maUobiose, C 12 H 22 O 11 + HgO, [a]© + 137® 
(equilibrium value), is a sugar formed, together with dextrin, by the 
action of malt diastase on starch, as in the mash of whisky and beer. 
It is also an intermediate product in the action of dilute sulphuric 
acid on starch, and of the ferment diastase on glycogen (p. 733). It 
is prepared from starch paste by means of diastase (Ann. 220, 209). 
It is capable of direct fermentation (WiUstatter, Z. physiol. Chem. 
152, 202). 

Maltose is readily fermented by yeast. Under ordinary conditions 
the maltose is hydrolysed by the enzyme maltase into two molecules 
of glucose, which then undergo fermentation. In an acid medium, 
Ph 4'5, however, where maltase no longer acts, maltose can be directly 
fermented (Z. physiol. Chem. 152, 202). Maltose reduces Pehling’s 
solution, about two-thirds as much as an equal quantity of glucose. 

Maltose is not further attacked by diastase. By heating with 
dilute acids it is converted into glucose, with the addition of the 
elements of water. Nitric acid oxidizes maltose to d-saccharic acid 
(p. 717) and chlorine water to maltobionic acid, CiaHaoOn, which 
can he hydrolysed to glucose and d-gluconic acid. By the addition 
of hydrocyanic acid, it can be converted into maltosecarboxylic acid, 
CjjHaaOu'COOH, which can be hydrolysed to glucose and glucose- 
carboxylic acid (Ann. 272, 200). When heated with lime water, 
maltose yields “ tsosaccharin (p. 676). 

Octaacetylrmltose, Ci;jHi 403 ( 0 Ac) 8 , m.p. 156®, [a]i, -f 123®, yields with liquid 
hydrogen chloride heptcmcetylcMoromaltosej Ci 2 Hi 403 ( 0 Ac) 7 Cl, two forms of which, 
m.p. 67® (Ber. 35 , 840) and m.p. 118° (Aim. 377, 186), probably represent 
the a; and j?-forms of the compoimd. A third form, m.p. 112-114® (Ber. 55, 
922), is possibly derived from a ^-fonn of the sugar. HeptmcetylrmUoae nitrate, 
Ci 2 Hi 40 s( 0 Ac), 0 *N 02 , m.p. 94®, is obtained by the action of fuming nitric acid 
on the qctaaeetyl compound in chloroform solution. The two latter compound 
yield with methyl alcohol, heptaacetylmethylmcUtoside, m.p. 128®, which yields 
on removal of the acetyl groups, p^metjiylmaltoside, m.p. 94® (Ber. 34, 4343 : 
35, 840). Bepiamethylmethylmdltoaide, b.p. 190°/0*09 mm., [ali, 814® (in 
water). 
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Maltosazone, m.p. 206®, is decomposed by benzaldehyde yielding maltosone 
(Ber. 20 , 831 : 35, 3142). 

Constitution of Maltose , — ^Heptamefchylmethylmaltoside is hydrolysed by 5% 
hydrochloric acid to equimolecular amounts of 2:3:4: 6-tetramethylglucose 
and 2:3: 6-triinethylgluoose, both compounds being derivatives of glucopyra- 
nose. This shov/s that the second molecule of glucose is attached at the 4th 
carbon atom (J.C.S. 1926, 862). This constitution is confirmed by the degrada- 
tion products of maltoseoxime (Ber. 60, 1555). The disaccharide cellobiose 
(see below) is found to have the same structure as maltose, and as maltose is 
hydrolysed by maltase which is specific for a-glucosides, whereas cellobiose is 
hydrolysed by emulsin, which attacks j3-glucosides, these compounds can be 
represented as the a- and jS*glucosidic forms of the compound 

CH,OH-(!!H-CHCHOHCHOH(3HOH 

I 

0 

1 

HC-CHOH-CHOHCHOH-CHCHsOH 


and represented by the following stereochemical formul© : 


CHgOH CHjOH 




Synthesis of Maltose, — (1) Biochemically, by the reversible action of yeast 
maltase on d-glucose (Ber. 57, 1576). 

(2) By purely chemical methods: (o) By partial hydrolysis of the dextrin 
obtained from equimolecular quantities of glucosan and l»voglucosan (Bull, 
Soc. Chim. [4],- 27, 652). (f>) By heating equimolecular amounts of a- and p- 
glucose to 160°. Maltose was identified as the octaacetate, phenylosazone and 
octanitrate (Pictet, Compt. rend. 184, 1512). 

Gentiobiose (belo\^) is a l-j5-glucosido-6-gluoose, and has the configuration: 
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Cellobiose (formula, see above) decomposes at 226® and has [ajn 4” 33*7° 
(fmal value). It is obtained by hydrolysis of octaacetylcellobiose, m.p. 228® (Ber. 
12, 1941 : Helv. Chim. Acta. 4, 174 : Ber. 54, 767 : 59, 1258). It is not fer- 
mented by yeast, but is hydrolysed by emulsin. Its constitution is based upon 
the degradation of its oxime (Ber. 59, 1264) and on the products of hydrolysis 
of the methyl ester of octamethylcellobionic acid (J.C.S. 1927, 2809). 

Acetobromocellobiose, m.p. 180® (decomp.), [a]» + 95® (Ber. 43, 2536). Aceto- 
chlorocellobiose : Monatsh. 22, 1033. 

Heptaacetylcellobiosey m.p. 196®, [a^ 4- 20®, is obtained from acetobromo- 
cellobiose and silver carbonate (Ber. 43, 2536). 

Cdlobial, m.p. 134-135®, [a]j) — 19-8°, is obtained by reduction of acetobromo- 
cellobiose "with zinc dust and acetic acid and hydrolysis of the hexaacetyl com- 
pound with methyl alcoholic ammonia (Ber. 47, 2057). Thio derivatives of 
cellobiose, see Z. physiol. Chem. 172, 169. 

^soMaltose (1), iHgO, decomp, about 170®, [a],> + 100® to 97® 

(final), is obtained from d-glucose by the action of concentrated hydrochloric 
acid, together with a little gentiobiose (Ber. 23, 3687 : 28, 3024 ; Helv, Chim. 
Acts. 9, 614 : c/. Ber. 59, 1983), or by hydrolysis of dilaevoglucosan with con- 
centrated hydrochloric acid (Helv. Chim. Acta. 5, 876 : 9, 621). p-Octaaceiyl 
derivative^ amorphous, m.p. 72-77°, [a]© + 93*7®. cc-Octaacetyl derivative, 
[flc]i, 4-115®, from the p- compound by heating with acetic anhydride and zinc 
chloride. Osazone, m.p, 167°. 

(2) Obtained by Lintner from starch amylopectin (g.u.), [a]® 4- 140®. Osazone, 
m.p. 152® (Z. angew. Chem. 5, 268 ; c/. J.C.S. 123, 2666). 

Gentiobiose (constitution, see above), m.p. 191®, [a]® 4- 9'6® (equilibrium), 
is obtained by partial hydrolysis of gentianose. Osazone, m.p. 164®, [ajn + 10*7®. 
Octaacetyl derivative, m.p. 190®. Synthesis ; (1) Biochemical, by the prolonged 
action of emulsin on a 6% glucose solution (Compt. rend. 157, 732). (2) Chemical, 
Helferich, Ann. 447, 28 (constitution, J.C.S. 1923, 123, 3120). Gentiobiose 
is the sugar of the glucoside amygdalin. Synthesis of amygdalin from hepta- 
acetylbromogentiobiose, see Ber, 57, 1767. 

Cello^obiose is formed as a by-product in the acetolytic breakdown of cellu- 
lose (Z. angew. Chem. 33, 100). It has m.p. 195®, [a]o 4* 24*6® (equilibrium 
value in water). Osazone, m.p. 165®. The existence of cellowobiose is denied 
by Haworth, Hirst and Ant-Wuorinen, J.C.S. 1932, 2368. 

2. Glucosidomannoses. — ^A l-p-^luco8ido<\ ; 5>-4:~mannose is obtained by 
the action of perbenzoio acid on cellobial. It has m.p. 176® (anhydrous) and 
[a]i> -f 10*7° (equilibrium) and gives the same osazone, m.p. 198°, as cellobiose. 
Hydrochloric acid or emulsin hydrolyse it to d-glucose and d-mannose. Octa- 
acetyl derivative, m.p. 196°, [ajo + 33*2® (Ber. 54, 1564). 

3. Glucosidogalactose. — ^A glucosidogalactose of uncertain constitution has 
been obtained ' from acetochloroglucose and sodium galactose (Ber. 58, 1184 ; 
59, 2101). Osazone, m.p. 174® (Ber. 35,^3148). 

4. Glucosidofructoses. — Turanose, l-glucosidoKl : 5> -^-fructose <2 : 5> , 
[ocJd 4- 05®, is the sole representative of this class and is obtained by partial 
hydrolysis of the trisaecharide melezitose {q.v,) (Ber. 59, 1666, 2539 ; J.C.S. 
1927, 688). 

5. Galactosidoglucoses. — Lactose, milk sugar, is the most im- 
portant representative of this class, and has the constitution of l-fi- 
galactosido<l : 5>-4-glucose<l : 5> (Ber. 59, 2402 : J.C.S. 1927, 
544). Its configuration is represented as follows : 
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Lactose has not been isolated from any vegetable source, but 
occurs in large quantities in the milk of mammab (human milk con- 
tains some 6-7%, cow’s milk about 4%) and sometimes in the urine 
during pregnancy and the puerperium. It was discovered in 1615 
by Fabriccio Bartoletti of Bologna. 

It is obtained from whey by evaporation, the sugar which separates 
being purified by recrystallization. 

It has been synthesized by Pictet by heating together equimolecular 
amounts of /?-glucose and jS-galactose (Compt. rend. 185, 332 : Helv. 
Chim. Acta. 11, 209). 

Lactose forms rhombic prisms of the composition, C12H22OH- 
+ HgO, which lose their water of crystallization at 140° and melt with 
decomposition at 205°. It is soluble in 6 parts of cold and 2*5 of 
hot water, but is insoluble in alcohol. It has a faintly sweet taste. 
The aqueous solution is dextrorotatory, and exhibits mutarotation. 
The ordinary lactose of commerce is the a-form and has Md + 90°. 
The ^-form has [a]© + 35° and the equilibrium mixture + 55°. 

Reactions . — ^Lactose resembles the hexose in reducing an am- 
moniacal silver solution in the cold, and an alkaline copper solution 
(Fehling’s solution) on heating. 

Lactose is decomposed into galactose and d-dextrose by being 
heated with dilute acids. It is only slowly attacked by yeast, but 
it readily undergoes lactic acid fermentation (p. 688). Nitric 
acid converts it into d-saccharic and mucic acids. Bromine produces 
lactobionic acid, CiaH2aOi2, which splits up into d-gluconic acid and 
d-galactose ; whilst oxidation with H2O2 breaks it down, as it does 
the aldoses (p. 673) into galacto-arabinose, CnHsoOio (c/. Ber. 59, 
2408). The latter forms an osazom, m.p. 237°, and is hydrolysed 
into d-galactose and d-arabinose (Ber. 33, 1802). Lactose takes up 
hydrocyanic acid and forms ultimately lactosecarboxylic acid, C12H23- 
Oii-COgH, which decomposes into d-glucoheptonic acid (p. 715) and 
d-galactose (Ann. 272, 198). See also isoSaccharin (p. 676). 

Lactosazont, Ci2H2o02(N2HCeH5)2, m.p. 200® (Ber. 20, 829). Octoacetyllactoae, 
Ci 2 Hi 403 [ 0 C 0 CH 3 ] 8 , m.p. 106®, yields, with fluid HCl, heptaacetylchlorolactose, 
Ci 2 Hi 403 ( 0 C 0 CHs) 7 C 1 . Heptaacetylbromolaciose is formed from lactose and acetyl 
bromide. The two last-named lactose compoimds exhibit polymorphism. When 
treated with methyl alcohol and silver carbonate, they yield heptaacetylmelhyl- 
lactoside, (Ber. 35, 841 : C. 1902, 11. 1416). 

Lactic acid forms a crystalline compotmd with aminogitanidine nitrate (Ber. 
28, 2614), 

d-Qalactosan (Helv, Chim. Acta. 5, 444). 

Melibiose, l-a(?)-g^aZacio«ido<l : 5>-6-griitco8e<l : 6> (Haworth, J.C.S. 
1027, 1527, 3146), m.p. 85® (indefinite), [a]© + 143®, is obtained from raffinose 
by fermentation with top yeasts or by mild acid hydrolysis (C. 1902, I, 524), 
It occurs naturally in wild mallow (Ber. 53, 2076). It is hydrolysed by emulsin. 
Octaacetyl derivative, m.p. 170®, [a]® -f- 98*1° (C. 1904, I. 1643). Melibiose has 
been S 3 mthesized from diglucosan and di-a-galactosan (Helv. Chim. Aeta. 9, 
806 : 10, 280). The synthetic product yields a hydrazo'm, m.p. 142°, and osazone, 
m.p. 144°, and an octaacetate, m.p. 175®, 

6. Galactosidogalactoses. — Two disaccharides of uncertain constitution 
have been obtained from d-galactoae by the synthetic action of emulsin. A, 
[a]x> + 35®. B, [alo -f 63®. Osazone, m.p. 194° (Compt. rend. 164, 443, 521). 
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B. TRISACCHARIDES CigHaaOie 

I. Non-reducing Trisaccharides.— The tri- and tetra-saccharides which 
occur in various plants are attacked by enzymes which occur in the intestinal 
canal of invertebrates. The higher animals possess no enzymes capable of 
dealing with them and yeasts only attack them slowly. 

Gentianose, \-^-gluco8ido<l : ^>-%-(Xrgluoo8ido<l ; 6>-2-fruct08e<2 : 6> 
(J.C.S. 123, 3120), occurs together with cane sugar in gentian roots. It has 
m.p. 209® and [«]„ + 33®. It is hydrolysed by emulsin into d-glueose and cane 
sugar and by yeast saccharase into gentiobiose and fructose. 

Melezitose, meUcUose, CigHgaOie + 2H2O, is l-gkico8ido<l:5>-Q-fructo- 
sido<2 i 5>‘hglucose (Ber. 59 , 1655, 2539: J.C.S. 1927 , 688). It occurs in 
various maimas, that occurring on the Douglas Fir being a good source for its 
preparation (J.A.C.S. 40 , 1466), m.p. 148®, [a]i, + 88-5®. It is hydrolysed by 
dilute acids to turanose and glucose, but is not attacked by yeast. 

RaHmose, meUtose, melitriose, CigHgg^ie 4* SHgO, is l’-galact08ido<l ; 6>- 
6-o:’glucosido<l : 5>-2‘-fruciose<^ : 5> (J.C.S. 1923, 123 , 3125: 1927 , 1627). 
It has m.p. 122® and [a]i, + 104°. It occurs in large amount in Australian manna 
from Eucalyptus, in cotton-seed meal, and in small amount in sugar-beets. It 
is more soluble than sucrose and accumulates in the molasses in sugar manu* 
facture. From the molasses it is obtained together with the sucrose (Ann. 232 , 
173). On account of the high rotatory power of its pointed crystals, it is referred 
to as “ plus 8itgar,** Estimation, see Ber, 19 , 2872, 3116. Rafimose is hydro- 
lysed by emulsin into galactose and sucrose and by invertase into fructose and 
melibiose. 

II. Reducing Trisaccharides. ^-Glucosidomaltose, m.p. 202°, [a]» -f 
165°, is obtained by the action of malt diastase on jS-hexaamylose at 70° : 
yeast maltase decomposes it into d-glucose and womaltose, emulsin into glucose 
and maltose. Phenylosazone, m.p. 122° (Ling and Nanji, J.C.S. 123, 2678). 

Mannotriose, m.p, 160°, [a]® -{- 167°, is obtained by the action of yeast 
on stachyose (see below). Osazone, m.p. 122-124°. It is hydrolysed by acids 
to 2 molecules of galactose and one of glucose. Its constitution is probably a 
digalactosidoglucose (Biochem, Z. 44 , 446: Bull. Soc. Chim. [3] 27 , 947). 

Rhamninose, m.p. 135-140°, [a]© — 41°, occurs as a glucoside in the Persian 
berry (Bhamnus infectona). On hydrolysis by acids it is hydrolysed into 1 mol. 
of galactose and 2 of rhamnose (Compt. rend. 129 , 725 : Rec. Trav. Chim. 42 , 
380). 

Some trisaocharides of this t3rpe have been synthesized, e.g. cellobiosidoglucose, 
lactosidoglucose (Ann. 450, 229). 

C. TETRASACCHARIDES 

Stachyose, Ca4H4302aj ni.p. 167-170, [a],, 4- 148°, is a non-reducing 
tetrasaccharide which occurs in the tubers of Stachya tubijera, in ash manna 
and in other plants. It is hydrolysed by acids into fructose (1 mol.), glucose 
(1 mol.), and galactose (2 mols.) (c/. Ber. 43, 2230). 

D. SUGAR ANHYDRIDES (OeHnOg)^ or 3 

A number of di- and trisaccharides are derived from hexoses according to the 
scheme : 

nCeHi20a — nH20 = (CgHiiOs)* 

These can be regarded as derived from the above di- and trisaocharides by 
loss of a further molecule of water. Their constitution is undetermined. Among 
them may be included (1) the polyamyloses prepared by Schardinger from starch 
by the action of the Bacillus macerans. Pancreatic amylase partially converts 
it to maltose (Karrer) (Ber. 45 , 2533 : 46 , 2959 : 54 , 1281 ; 55 , 153, 1433: 
Helv, Chim. Acta. 4 , 169, 263). 

(2) Dihexosan, CeHio05)2, [a]o -|- 155° (water) {Acetate, [a]o -f 142°), and 
trihexosan, C6Hio05)3, [a]o 4* 160°, are obtained by the depoijunerization of 
starch or amylopeotin by heating with glycerol at 200°. 

A glucosido-anhydxromannose (Ber, 54 , 1564) and glucQSido-anhydroglucoso 
(Helv. Chim, Acta. 4 , 319) have been prepared. , 
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E. POLYSACCHARIDES 

The polysaccharides with the general formula (C 6 Hn 05 )„, where 
71 is a large number, differ much more from the monosaccWides than 
do the di- and trisaccharides already described. The polysaccharides 
were until recently regarded as amorphous, but X-ray examination 
(Ber. 53, 2162 : 54, 1283) has shown that starch, inulin and cellulose 
possess a crystalline structure : glycogen alone appears to be really 
amorphous. The polysaccharides are converted by the action of 
acids or of enzymes, through the intermediate stages of the com- 
paratively little investigated dextrins finally into monoses. The 
alcoholic nature of the polysaccharides is demonstrated by their 
ability to form acetyl compounds, nitric esters and methyl ethers. 
The polysaccharides can be divided into starches, gums and cellulose. 

There are certaia gums, like cherry gum and wood gum (p. 736), which yield 
pentoses by hydrolysis. They are, therefore, called peniosmis to distinguish 
them from the hexosans — ^the polysaccharides, which break down into hexoses 
when they are hydrolysed (Ber. 27, 2722). 

On experiments for determining the molecular magnitude of the polysac- 
charides such as starch, glycogen, cellulose, by chemical and physical means, 
see C. 1906, I. 655, etc. : methylated starch, Helv. Chim. Acta. 4, 185. 

Starches 

1. Starch, amylum, {CeHioOg)^, is the most important assimila- 
tion product of the plant cell. Baeyer suggested that the mechanism 
of this was the hydrogenation of carbon dioxide to formaldehyde, 
and the subsequent condensation of this to starch : plants are also 
capable of forming starch from certain carbohydrates such as glucose, 
fructose, galactose or maltose or cane sugar. Starch is the typical 
reserve material of plants and is laid down in granules which vary 
in size in different plants. According to X-ray investigations, starch 
crystallizes in the rhombohedral system (Ber. 53, 2163). 

Recent investigations have confirmed the suggestion of Nageli 
(1858) and Maquenne (1904) that native starch really consists of two 
components — amylose, the internal portion of the granules, and 
amyhpectin, the outer portion. Amylose is free from electrolytes, 
but amylopectin contains about P, probably in the form of 

a phosphoric ester. Electrolyte-free amylopectin is described as 
erythroamylose. (Separation of starch into its components, see Ber. 
57, 888 : J.C.S. 123, 2672.) The amylopectin is responsible for the 
ability of starch to form a gel. 

The blue coloration produced by iodine is characteristic of starch, 
both the soluble variety and that contained in the granules (Ber. 
25, 1237 : 27, R. 602 : 28, 385, 783 : C. 1897, I. 408, 804 : 1902, 
II. 26). Heat discharges the coloration, but it reappears on cooling. 
The coloration with iodine is due to an adsorption phenomenon, and 
the presence of iodine ions facilitates its development. Amylose 
is coloured a pure blue, and amylopectin violet-brown. As native 
starch is coloured a pure blue with iodine, presumably the amylose 
first takes up the iodine, and the amylopectin later. 

The property of pectization is of the greatest importance. Starch 
is insoluble in cold water, but on heating swells up, and at a definite 
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tenip6ratuT6 bcconiBS a viscous paste. This temperature is a charac- 
teristic for different starches. (Rice-starch, 72°, Maize- 67°, Rye- 
56°, Wheat- 62°, Potato- 72°.) This property is due to the amylo- 
pectin. Pure amylose does not form a paste. 

Quantitative Estimation. — (1) Colorimetric with iodine (Ber. 28, R. 1025). 

(2) Hydrolysis of the starch to glucose, and estimation of the latter either 
polarimetrically or by reduction methods. 

Degradation of Starch. (1) Soluble Starch. — By partial depolymerization 
of starch a product can be obtained which is soluble in water. It still gives a 
blue colour with iodine and has no reducing properties. Soluble starch is not 
a definite compoimd, but a mixture of depolymerized products, still very closely 
allied to starch. The principal methods for its preparation are Lintner’s, 
where the starch is treated with 7% HCl for 7 days at room temperature and 
Zulkowsky’s, where the starch is heated in glycerol to 190°. 

(2) Distillation of Starch. — ^By dry distillation in vacuo Isevoglucosan is pro- 
duced (Compt. rend. 166, 38 : p. 696) : at ordinary pressures, maltol and 
250raaltol. 

(3) Heating with dilute adds converts starch into dextrin and eventually 
into glucose (Kirchhoff, 1811). 

(4) Enzymatic Breakdown. — [a) By means of amylases. The enzymes which 
attack starch are collectively referred to as amylases or diastases. They occur 
in both the animal and vegetable kingdoms, wherever it is necessary for starch 
to be brought into solution. Particularly rich sources of amylase are inalting 
barley (malt diastase), saliva and pancreatic juice. The final products of diastase 
action are disaccharides, and malt diastase yields about 80% of maltose (O’Sulli- 
van, J.C.S. 1872, 25, 879) and 20% of isomaltose (Lintner, Z. angew. Chem. 
1892, 5, 268), the latter being produced from the amylopectin (Ling and Nanji, 
J.C.S. 123, 2677). The reaction involves the intermediate formation of im- 
perfectly characterized dextrins. Amylopectin is broken down by precipitated 
malt diastase to a hexatriose, probably jS-glucosidomaltose (see p. 730) which 
is further broken down by yeast maltase to glucose and isomaltose (Ling and 
Nanji, loc. cit.). 

It should be noted that in general the hydrolysis of natural starch by diastases 
comes to an end when about 65% of maltose has been produced. This inhibition 
can be overcome by the addition of a coenzyme which exists in yeast, and by 
this means starch can be converted quantitatively into disaccharides (Ber. 56, 
1762 : Biochem. Z. 142, 108 : 148, 336). 

(6) Bacillus macerana (Sehardinger, Zentr. Bakt. 1908, [ii] 22, 98) converts 
starch to so-called “ crystalline dextrins,” which are more recently referred to 
as polyamyloses. These polyamyloses occupy a special position among the 
breakdown products of starch, in that they are not converted into maltose by 
malt diastase. 

(5) Aceiolysis. — Karrer succeeded in 1921 (Helv. Chim. Acta. 4, 263) in obtain- 
ing acetobromoraaltose quantitatively by the action of acetyl bromide on starch. 

(6) Heating with Glycerol. — ^By heating starch with glycerol at 200°, Pictet 
(Helv. Chim. Acta. 5 , 640) obtained di- and tri-hexosans (p. 730). 

(7) M ethylation of Starch. — ^The methylation of starch to a trimethyl-derivative 
was carried out satisfactorily by Haworth, Hirst and Webb in 1928 (J.C.S. 1928, 
2681), by acetylating starch and then simultaneously methylating and de-acety- 
lating the product by the use of dimethyl sulphate and alkali in acetone solution. 
The yield of trimethyl starch, which gives 2:3: 6-trimethyglucose on hydrolysis, 
was 89%. Irvine and MacDonald (J.C.S. 1926, 1502) obtained the same com- 
pound with greater difificulty by direct methylation. The introduction of two 
methyl groups per glucose residue can he fairly readily carried out (Karrer, 
Helv. Chim. Acta. 4, 185). 

Constitutioxi of Starch. — ^In spite of the large amount of work which has 
been done, the constitution of starch must still be regarded as an unsolved prob- 
lem. Pureljr chemical methods are possibly too energetic for the elucidation of 
its constitution : they do not preclude the possibility of une3q>eoted changes 
taking place in the molecxile of native starch. The purely chemical findings 
are on this account sometimes contradictory (c/. Helv. Chim, Acta. 5, 196, and 
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J.C.S. 123 , 898). It should be noted, however, that the various degradation 
methods when applied to amylose always yield products containing two hexose 
residues, maltose, dihexosan, (Ber, 57 , 887), amylobiose (Ber. 57 , 1593), whereas 
amylopectin yields products containing three hexose residues, trihexosan (Ber. 
57 , 887), amylotriose (Ber. 57 , 1581), hexatriose(J.C.S. 123 , 2666). The attack 
by pure enzyme preparations has been more successful than purely chemical 
methods. 

2. Paramylum, (CeHioOs)^, occurs in the infusoriaJEup^e^ia viridis. It gives 
no colour with iodine and is soluble in potassium hydroxide. 

3. isoLichenin, moss starchy (C 4Hio05)m, occurs in many lichens associated 
with lichenin (lichen cellulose) and in Iceland Moss, Cetraria islandica* It is 
coloured a dirty blue by iodine and yields glucose on hydrolysis. Preparation, 
see Ber. 57, 1594. It closely resembles amylose in its degradations. 

4. Glycogen, liver starch, (CeHioOB)„, is the principal reserve 
carbohydrate of mammals, and is laid down principally in the liver 
and muscles. It also occurs in lower animals, and in some plants 
(mushrooms). Glycogen is formed in the liver under normal con- 
ditions from glucose and certain other monoses, from glycerol, and 
from some of the amino-acids derived from proteins. On acid hydro- 
lysis it yields glucose, with certain enzymes, maltose. In its reac- 
tions, it resembles electrolyte-free amylopectin (erythroamylose). It is 
coloured wine-red with iodine, and does not form a paste. Hawortli 
and Percival (J.C.S. 1932, 2277) suggest that the constitution of 
glycogen can be represented by a chain of about twelve glucose 
residues, linked together as in maltose. This is based on the isolation 
of about 9% of 2 : 3 : 4 : 6-tetramethylglucose together with trimethyl- 
glucose by the hydrolysis of methylated glycogen. The tetramethyl- 
glucose is derived from the glucose residue at one end of the chain. 

5. Inulin is the reserve carbohydrate of certain plants such as dahlias, 
chicory and certain compositae. It differs from the polysaccharides referred to 
above in. that it yields fructose instead of glucose on hydrolysis. The fructose 
residues in inulin are the unstable fructofuranose, but the sugar reverts im- 
mediately on isolation to the normal fructopyranose (J.C.S. 1928 , 519). As 
regards the molecular complexity of the subst^ce, ebullioscopic determinations 
on purified inulin lead to a formula containing at least 20 fructofuranose units 
(J.C.S. 1928 , 2691), whereas determinations of the molecular weight of triacetyl- 
inulin (Ber. 54 , 1281 : 55 , 1409) or of trimethylinulin (Helv. Chim. Acta. 4 , 
249) lead to lower values, the molecule containing only 9 fructose units. It is 
probable that the higher value is more accurate. 

Inulin is soluble in water, has [a]D — 36® and does not give any colour with 
iodine. The triacetate, insoluble in water, has [a]^ — 42*5®. 

6. Carubin occms in St. John’s Bread, the pods of Ceratonia siliqua, and 
is hydrolysed by acids to yield mannose. 

Dextrin. — Starch gum, leiocome, (CgHio 05 )„. This term is applied to a 
number of substances obtained as intermediate products in the conversion of 
starch to maltose and glucose. They are obtained by the depolymerization of 
starch in various ways, e.g. by heating starch alone to 160-200® or by the action 
of dilute sulphuric acid. Various dextrins have been described, amylodextrin, 
erythrodextrm, which gives a red colour with iodine, and achroodesctrin, which no 
longer gives any iodine colour. These various dextrins are not very definitely 
characterized (Ber. 28 , R. 987 : 29 , R. 41 ; C. 1897, I. 408 ; Ann. 309 , 288), 
The dextrins are readily soluble in water and are precipitated by alcohol. They 
form gummy amorphous masses and their aqueous solutions are dextrorotatory, 
whence their name. They do not reduce Fehliiig’s solution, and are not directly 
fermentable : in the presence of diastase they can be fermented by yeast, after 
a preliminary conversion to glucose. They yield glucose on hydrolysis with 
acids. They react with phenylhydrazine (Ber. 26 , 2933), A gum has been 
isolated from yeast cells (Ber. 27 , 926 : 60 , 1639, 1644). 
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Dextrin is manufactured on the large scale as a substitute for gum by moisten- 
ing starch with 2% nitric acid, allowing it to dry in air and then heating it at 
ilO® (Ber. 23, 2104). 

A depolymeri 25 ation product of inulin analogous to the dextrins has been 
isolated by Drew and Haworth, and named inulin (J.C.S. 1928, 

2695). 

Cellulose,* lignose, (06Hio06)n, forms the principal component 
of the cell walls of plants. X-ray spectroscopy has shown that cel- 
lulose has a crystalline structure and forms long thread-like crystals 
of the rhombic system (Ber. 53, 2162 : Z. Physik. 3, 342 : 7, 147 : 
Naturwissenschaften, 9, 288 : Ber. 61, 593). Cellulose resembles 
starch in many ways, but on account of its purpose as a supporting 
substance is much tougher. Cellulose is accompanied by lignin as a 
supporting substance. Pine, for example, contains 58% cellulose and 
30% lignin ; oak, 39% cellulose and 26% lignin. To obtain pure 
cellulose, vegetable fibre, or, better, cotton-wool is treated succes- 
sively with dilute potassium hydroxide solution, dilute hydrochloric 
acid, water, alcohol, and ether, to remove all admixtures (encrusting 
substances). Cellulose remains then as a white, amorphous mass. 
So-called “ Swedish filter paper ’’ consists of nearly pure cellulose. 

Sulphite cellulose is prepared by treating wood with hot calcium 
bisulphite liquor under pressure, whereby the lignin surrounding the 
wood fibre is dissolved. Sodium cellulose is formed when straw is 
heated with sodium hydroxide solution. Cellxdose is employed for 
the manufacture of paper, parchment paper, gun-cotton, smokeless 
powder, celluloid and celluloid-like bodies, art&cial silk, etc. 

Cellulose is insoluble in most of the usual solvents, but dissolves 
without change in an ammoniacal copper solution (Ber. 38, 2798 : 
44, 3320 : 54, 3220 : 55, 1899). Acids, various salts of the alkalis 
and sugar precipitate it as a gelatinous mass from such a solution. 
After washing with alcohol it is a white, amorphous powder. Accord- 
ing to Hess (Ann. 435, 1), this consists of unchanged cellulose. 

Derivatives of Cdluhse. — ^When cellulose is treated with alkali of various 
concentration, it undergoes physical change with the formation of a so-called 
hydrate-cellulose. This treatment is of importance in the commercial process of 
mexcerization (Ber. 40, 441, 4903). (Efiect of mercerization on the X-ray 
structure of cellulose, Ber. 61, 600.) Similarly, by the action of dilute acids 
or oxidizing agents (nitric acid, bleaching powder, permanganate, hydrogen 
peroxide) the hydro- or oxy-celluloses are formed. In both the cellulose has 
undergone chemical alteration, and the compounds have some reducing action 
on Fehling’s solution, and are converted by quicklime into iaosaccharinio acids. 
The oxyceiluloses which are not pure compounds contain carboxyl groups. 

Degradation of Cellulose. — 1. Add hydrolysis. Strong mineral acids break 
down cellulose with a 100% yield of glucose. This forms the basis of manu- 
facture of wood spirit. 

2. Bacterial hrexdcdown. — Enzymes which attack cellulose {celluloses) have 
hitherto only been found in bacteria (Z. physiol. Chem. 78, 266). The only 
identifiable intermediate product is the disaccharide cellobiose. Bacterial action 
has shed little light on the constitution of cellulose, as in practice cellulose is 
usually completely oxidized to CO 2 and water and in other cases only the lower 
fatty acids have been isolated. 

Z. Acetolysis . — ^Franchimont in 1879 (Ber. 12, 1941) obtained by the action 


*K. Hess, Celluloseehemie, Leipzig, 1928, Akad. Verl.-Ges. E. Heuser 
Lehrbuch der Celluloseehemie, 2. Aufi. Berlin, 1923. 
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of acetic anhydride and concentrated sulphuric acid on cellulose the octaacetate 
of the disaccharide cellobiose. Karrer (Helv. China. Acta. 4, 174) and Freuden- 
berg (Ber. 54, 767) have shown that in cellulose at least 60% of cellobiose is 
preformed. Cellobiose is related to cellulose as maltose is to starch (Ber, 34, 
1115 : C. 1902, I. 183 *. c/. 1901, 11. 405). 

Hess (Ber. 54, 2867) has obtained the hexaacetate of a biose anhydride 
which shows a great tendency to association. 

A celloi^obiose has been described as another disaccharide obtained in the 
acetolytic breakdown of cellulose (Z. angew. Chem. 33, 100), but its existence 
has recently been denied (J.C.S. 1932, 2368). 

By the action of acetic anhydride and a little sulphuric acid at 0® there is 
obtained together with octaaoetylcellobiose, a so-called celltUose dextrin (Z. physiol. 
Chem. 105, 173). 

4. Distillation in mcao, — ^By the distillation of cellulose in vacuo, up to 35% 
of IsBvoglucosan is formed (Helv. Chim. Acta. 1, 87). Karrer has shown that 
this is only obtained from jS-glucose, so that its formation is evidence for the 
existence of j8-glucose residues in cellulose. 

5. Methylation of Cellulose. — A trimethylcellulose was obtained in 1921 (J.C.S. 
119, 77) using repeated applications of methyl sulphate and alkali. A fully 
methylated cellulose was obtained in one operation (J.C.S. 1932, 2270) by the 
action of methyl sulphate and alkaH on a specially prepared acetone-soluble 
acetylcellulose. 

Constitution of Cellulose. — ^Few natural products have had so many formulas 
speculatively assigned to them as cellulose (c/. Pringsheim, Die Polysaccharide, 
2. Aufl. 1923, pp. 217 et seq.). None of them has survived experimental verifica- 
tion. More recent work has not brought the matter to an entirely satisfactory 
solution. According to one school, cellulose is composed of basal molecules of 
relatively low molecular weight, joined together by subsidiary valencies (Lattice- 
forces). For the basal spbstance, on the results of the hydrolysis of trimethyl- 
cellulose, an anhydro-trisaecharide has been advocated by English investigators 
(Irvine and Hirst, J.C.S. 123, 518) ; while from the behaviour of cellulose in 
cuprammonium solutions (Ann. 435, 7) or from the cryoscopic behaviour of 
crystalline acetylcellulose (Ann. 448, 99) a simple glucose anhydride is postulated. 
This view is contradicted by the purely structural view of cellulose, in which 
it is regarded as constituted of numerous glucose residues linked together in a 
cellobiose-like manner. This view receives its main experimental support in 
the formation of cellobiose by the acetolytic breakdown of cellulose {q,v, ; Ann. 
460, 288). This view is confirmed by X-ray spectroscopy of cellulose fibres, 
the results showing that in the cellulose “ crystal some 40 glucose residues are 
joined by a cellobiose linkage and arranged spirally round a long axis. 40-60 
of such chains associate together by micellar forces to form a cellulose particle 
(K. B. Meyer and H. Mark, Ber. 61, 612). Haworth and Machemer (J.C.S. 
1932, 2270), on the results of hydrolysis of fully methylated cellulose, conclude 
that the cellulose molecule is composed of upwards of 100-200 jS-glucopyranose 
residues linked in the 1 : 4-positions. 

Technically important derivatives of cellulose. 

Wood Alcohol. — Obtained (a) from the sulphite-lye of cellulose manufactrue, 
which contains sugar derived from the hemicelluloses of wood : this can be 
fermented to yield alcohol : 11-17 litres of alcohol are obtained per ton of dry 
wood, (6) Sawdust is partially hydrolysed to si:^ars by rapid heating under 
pressure with dilute acids, the hemicelluloses again being the principal source 
of the sugar which is then fermented to yield alcohol. 

Nitrocelluloses. 

Strong nitric acid produces from cellulose, first, a hydrolysable nitrate (Ber. 
37, 349 : C. 1908, I, 2024). A more concentrated acid, or, better, a mixture 
of nitric and sulphuric acids forms nitric esters, known as nitrocellulose (C. 1901, 
11. 34, 92 : Ber. 34, 2496). 

According to the mode of action, the products show varying characteristics. 
If pure cotton wool is immersed for 3-10 minutes in a cold mixture of 1 part of 
nitric acid with 2-3 sulphuric acid, and then carefully washed with water, there 
is formed gun-cotton (pyroxylin), which was discovered in 1845 by SehOnbein, 
It is insoluble in alcohol and ether and their mixture, and explodes violently when 
ignited in a closed space by percussion. In the air it bums very rapidly without 
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earploding. If the cotton, wool be immersed for a longer time in a warm mixture 
of 20 parts of powdered sodium nitrate and 30 of concentrated sulphuric acid, 
there is formed soluble pyroixylin, which is dissolved by a mixture of ether and 
a little alcohol. The solution is known as collodion ; this, on evaporation, leaves 
the pyroxylin in the form of a thin transparent skin insoluble in water, which is 
employed in surgery and photography, 

Chardonnet obtained artificicd silk by denitrifying thin fibres of collodion by 
means of ammonium sulphide. 

The explosive insoluble gun-cotton consists mainly of cellulose hexanitratet 
Oi 2 Hi 4(0-N02)604, whilst the ether-alcohol soluble pyroxylin is formed chiefly 
of the tetranitratet Ci2Hig(0N02) O®, and the pentanitrate, Ci2Hi5(0“K‘02)505 
(Ber. 13, 186). The solution of collodion cotton in nitroglycerine {with small 
quantities of other substances), constitutes a blasting gelatin which is employed 
as smokeless powder {Ber. 27, R. 337). 

When mixed with camphor, nitrocellulose forms cdluloid, a substance like 
vulcanite (highly vulcanized rubber), having the disadvantage of burning vio- 
lently when ignited. 

Esters of Organic Acids. — Acetylcellulose is formed by the action of glacial 
acetic acid, acetic anhydride, and a small quantity of concentrated sulphuric 
acid, or zinc chloride on ceHulose (Crystal structure, see Ann. 444, 284). It is 
characterized by its solubility in various organic solvents and insolubility in 
water. It is used, like ammonium-copper hydroxide cellulose (p. 734) and nitro- 
cellulose, for the preparation of artificial silk, and many other technical pur- 
poses (C. 1902, II. 1022 : 1907, I. 1736 : 1908, I. 1831). 

Simultaneous action of acetic anhydride and nitric acid produces cellulose 
acetonitrate (Ber. 41, 1837). Formic acid €ind sulphuric or hydrochloric acid 
give rise to cellulose formate (C. 1908, I. 328). Benzoyl chloride and pyridine 
produce benzoyl cellulose (C. 1903, I. 744). 

Xanthogenaies, — Cellulose is dissolved by strong alkalis and carbon bisul- 
phide in the form of a xanthogenie ester ; 

(CeHg04*0-CS*SNa, NaOH)„. 

This solution, after a ripening process (viscose), is used for the preparation of 
artificial silk. 

Hemicelluloses. — The hemicelluloses accompany cellulose constantly, and 
share with it its property as a supporting substance. They have, however, a 
further use as reserve carbohydrate, their more ready hydrolysis by acids and 
enzymes making them suitable for this pmpose. The hemicelluloses are divided 
into hexosans, which yield on hydrolysis hexoses, and pentosans, which yield 
pentoses on hydrolysis. 

According to the nature of the sugar formed on hydrolysis, the hexosans 
are further subdivided into rnannans (reserve carbohydrate of palms and St. 
John’s Bread (see Carubin)) and galadans, which occur in the seeds of lupins, 
lucerne and beans. The substance agar-agar used in bacterial culture media is 
related to the galaetans. The pentosans can be similarly subdivided into 
xylans and arabans. 

The vegetable gums belong to this class of substances. 

Arabin, ^um, exudes from many plants, and solidifies to a transparent, 
glassy, amorphous mass, which dissolves in water to a clear solution. Oum 
arabic or gum Senegal consists of the potassium and calcium salts of arahic acid. 
The latter can be obtained pure by adding hydrochloric acid and alcohol to the 
solution. It is then precipitated as a white, amorphous mass, which becomes 
glassy at 100% and possesses the composition (C^'Ki^O^)^ Kfi. It forms com- 
pounds with neply all the bases, which dissolve readily in water. 

Some varieties of gum, e,g. gum arabic, yield galactose in considerable quan- 
tity when boiled with dilute sulphuric acid ; and with nitric acid they are con- 
verted into xnucic acid ; others, like cherry gum, are transformed on boiling with 
sulphuric acid into Z-arabinose, CjHioOs (p. 674), and into oxalic acid, not mucic 
acid, by nitric acid. The gum, extracted from beechwood by alkalis and 
precipitation with acids, is converted into xylose (p. 674) by hydrolysis (J. nr. 
Chem. 103* 69). ^ \ 

Bassorin, mmiiUtge, constitutes the chief ingredient of gum tragacanth, 
Bassom gum, and of cherry and plum gums (which last also contain arabin). It 
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swells up in water, forming a mucilaginous liquid, which cannot he filtered ; it 
dissolves very readily in alkalis. On the hydrolysis of plant-mucus, see Ber. 
36, 3197. 

Pectin substances (from ^rjKrost coagulated) occur in fruit juices, e.g., apple, 
cherries, currants, greengages, etc. They cause these, under suitable conditions, 
to gelatinize. They are closely allied to the vegetable giims, and may be regarded 
as oxymuoilage (Ann. 286, 278 : Ber. 28 , 2609). 

The basic constituent of the pectin substances is the calcium or magnesium 
salt of pectic acid, which is probably constituted by 4 molecules of galacturonic 
acid, 1 of galactose and 1 of arabinose joined in a six-sided ring (l^anji, Baton and 
Ling, J. Soc. Chem. Ind. 1925, 44, 253t). (Recent summary of the constitution 
of the pectin substances, see Ehrlich, Z. angew. Chem. 1927, 40, 1305). 

Lignin."** — Little is at present known about this substance, which accom- 
panies cellulose in wood. The lignin content of wood is 20-30%. Lignin can 
be prepared, according to Willstatter and Zechmeister (Ber. 46, 2401), by the 
action of hydrochloric acid (saturated at 0°) (40%) on sawdust at room tem- 
perature. Lignin remains unattached. Further methods of preparation, see 
Z. angew. Chem, 1924, 37, 169. 

Lignin is converted by the action of sulphurous acid or concentrated bisul- 
phite solution into a sulphonic acid, whose barium and calcium salts have been 
investigated (Ber. 53, 707). Chlorine dioxide is a good solvent for vegetable 
encrustations, among which is included lignin (Schmidt, Ber. 54, 1860 : 56, 23). 
Lignin gives an intensive red colour with the alcoholic or aqueous solution of 
certain phenols (especially with phloroglucinol) in presence of hydrochloric acid. 

Lignin is not a chemical individual. Its analytical figures vary from those 
required for Ci 8 H 240 io to those of C 40 H 4 SO 18 . The presence of hydroxyl, methoxyl 
and acetyl groups is certain : that of carboxyl, keto- or aldehydic groups more 
doubtful. It cannot be said with certainty whether lignin contains an aromatic 
nucleus, or whether it is purely ajliphatic in structure. 


F, NITROGEN-CONTAINING POLYSACCHARIDES 

Chitin, which forms the principal constituent of the shells of 
crabs, lobsters and other Crustacea, is a representative of these com- 
pounds. According to E^rawkow (Z. Biol. 29, 177) chitin in the shell 
is combined with protein and occurs in various modifications. The 
nitrogen in chitin occurs in the form of a partially acetylated chito- 
samine (d-glucosamine) (q.v.) and on hydrolysis of chitin with hydro- 
chloric acid, d-glucosamine and acetic acid are formed {Ledderhose, 
Z. physiol. Chem. 2, 224) : 

CifiHjoNaOia + 4H2O = 2 CaHi,N 08 + SCHsCOaH. 

CUtln. Chitosamine. Acetic acid. 

Chitin is insoluble in water or in Schweitzer’s reagent. It has 
optical rotatory power of — 14*1, rising to + 56. Heating mth 
alkali produces chitosan, whose hydrochloride has been obtained 
crystalline. The action of nitrous acid produces chitose, CgHioOg, 
which is probably a 2 : 6-anhydromannose (C. 1921, 1. 614 ; see p. 699). 
Chitin is very resistant to enz 3 rmes. 

Constitutim, — ^The linking of the acetylated glucosamine residues 
is effected through the nitrogen atoms. Karrer and Smirnoff (Helv. 
Ghim. Acta. 5, 832) obtained by distillation with zinc dust cfete- 
pyrroUi which they identified as 2-methyi-l--?t-hexyipyrrole. Tto 
mode of linkage represents chitin as intermediate between the proteins 

* W. Fuchs, Die Chemie des Lignins, Berlin, 1926, Springer, 

3b 
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and carbohydrates. The transformation of a chitin fragment into 
chitopyrrole is represented as follows (acetyl groups omitted) : 


HO 


K 


H-C 


/ 


OH 


CH2OH 

H\| 

OH 

N HC CH-ECHOH-laCH^OH 

^ I I 

C OH NH 

; CH, 

HOCH I 


CH=C\ 

I >N • [CHJ.-CH, 

CH=CH/ 


■ = Linkage of next glucosamine residue. 


The skeletal substance of fungi is probably identical with chitin, 
and the mycosin obtained from it by the action of alkali identical 
with chitosan (Ber. 28, 821 : R. 476 : C. 1908, II. 2016). 

Lycojperdin, which on hydrolysis yields 2 mols. of glucosamine 
and 1 mol. formic acid, belongs to the same class. 

Chmdroitinsulphuric acid is a compound obtained from cartilage 
and mucins. On complete hydrolysis, it yields, through a series of 
intermediate compounds (chondroitin, chondrosin), the following 
components : 2 mols. glucosamine, 2 mols. glycuronic acid, 2 mols. 
acetic acid, 1 mol. hexose and 2 mols. acetic acid. One acetyl group 
is definitely attached to nitrogen. For the mode of linkage of the 
various components, see Levene (C. 1915, I. 1127) and Schmiedeberg 
(C. 1920, III. 636). 

Mucoidinsulphuric acid, see C. 1919, I. 473. 

Pneumococcus Polysaccharides. — Another important nitrogen- 
containing polysaccharide is that obtained from Type I pneumococcus, 
which contains C 43-3%, H 5*8%, N 5*0%, amino-N 2-5% and has 
Wd + 300®. It yields galacturonic acid and an amino-sugar on 
hydrolysis. Types II and III pneumococci also yield polysaccharides, 
but these are nitrogen-free. These compounds have been chiefly in- 
vestigated by Heidelberger, Avery and co-workers (see Chem. Reviews, 
1927, 3, 403, and various papers in J. Experimental Med. and J. 
Biol. Chem.). 



SUBSTANCES OF PHYSIOLOGICAL 
IMPORTANCE OF PARTIALLY KNOWN 
CONSTITUTION 

A number of substances will be briefly dealt with here, which 
from their nature belong to the borderland between Organic and 
Physiological Chemistry, and which have already been frequentlj’' 
referred to in the systematic parts of this book. Among them may 
be mentioned the proteins, the nucleic acids, the sterols, the bile acids, 
the enzymes, etc. 


Proteins 

Literature : — E. Fischer, Untersuehungen fiber Amitiosauren, Polypeptide und 
Proteine, 1906 (Springer) : Hammarsten, Lehrbuch dei* Physiologischen Chemie, 
9. Aufl. 1922 ; Jordan Lloyd, Chemistry of Proteins, London, 1926 : V. Oppen- 
heimer, Der gegenwartige Stand der Eiweissforschung, Therapie der Gegenwart, 
1926, 67, 27 : M. Bergmann, Allgemeine Strukturchemie der komplexen Kohlen- 
hydrate und der Proteine (Ber. 59, 2973) ; E. Waldschmidt^Leitz, Zur Struktur 
der Proteine (Ber. 59, 3000) : 0. Kestner, Chemie der Eiweisskdrper, 4. Aufl. 
1925 : S, Edlbacher, Die Strukturchemie der Aminosauren und Eiweiss kOrper, 
Leipzig, 1926. 


The proteins form an important component of every living ceil. 
The complete synthesis of a protein from COg, HgO, NHg, HNO 3 
H 2 SO 4 is confined to vegetable cells : the animal organism is capable 
of a partial synthesis from amino-acids. 

The general composition of the different proteins varies within 
definite limits (J. pr. Chem. [2] 44, 345). 


C 

H 

N 

0 

s 

Ash 


. 50-55% 

. 6-9-7*3% 

. 15-190/0 

. 19-240/0 

, 0*3-2-4o/o 


. A trace 


Colour Reactions. — ^The proteins give characteristic colour re- 
actions, by which they can be recognized. These colour reactions 
are not, however, confined to the proteins, but are also given by some 
of their constituent amino-acids. 

Millons Beactim , — ^When warmed with a mercuric nitrate solution 
containing a trace of nitrous acid all proteins give a red colour, simfiariy 
to tyrosine. 

Xanthoproteic Beaction . — ^When warmed with nitric acid a yellow 
colour is produced, which ammonia converts into golden-yellow. 

Biuret Reaction . — Protein solutions give with copper sulphate and 
potassium hydroxide red to violet colorations. This reaction is not, 
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however, specific for proteins, but is given by various other com- 
pounds (Ber. 29, 1354). 

Ninhydrin Beaction, — ^Proteins give a blue colour when treated 
with triketohydrindene hydrate. 

Other Colour Reactions, — ^When heated with fuming hydrochloric 
acid proteins give beautiful violet colours. When treated with a 
sugar solution and concentrated sulphuric acid, a red colour is pro- 
duced which darkens on exposure to air. If the solution of a protein 
in glacial acetic acid is treated with concentrated sulphuric acid, a 
violet solution is produced which shows characteristic absorption bands. 

Solubility. — ^The proteins in general are insoluble in water and 
owe their solubility in the fluids of the living organisms to the presence 
of salts and partly to other unknown substances. They are insoluble 
in alcohol and ether. Many proteins have been obtained crystalline : 
egg albumin, for example, is precipitated in the crystalline form from 
its solution by the action of ammonium sulphate (Z. physiol. Chem, 
130, 72) : the crystalline structure of silk protein can be demon- 
strated by Debye’s X-ray spectrographic method (Ber. 53, 2162 : 
Z. physiol. Chem. 141, 158). 

Precipitation Reactions. — ^Proteins are precipitated from their 
aqueous solution by alcohol. In general, a change in the state of the 
protein occurs in this process, and it loses its solubility in water 
[denaturaticn). 

Similarly, proteins can be precipitated from their aqueous solutions 
by the action of metallic salts, this depending upon the formation of 
molecular compounds between the salt and constituents of the protein. 
Two types of salt precipitation are to be distinguished : 

(а) Eemrsihle precipitation, i.e, where the solubility of the protein 
in water is retained, by sodium sulphate, magnesium sulphate and 
ammonium sulphate. 

(б) Irreversible precipitation, particularly produced by the salts of 
heavy metals. 

Finally, acids precipitate proteins, with simultaneous denatura- 
tion. Mineral acids, particularly nitric acid, have this property, as 
have also certain complex inorganic acids such as phosphotungstic 
acid, phosphomolybdic acid, potassium mercuri- and bismuthi-iodides, 
acetic acid with tannic or picric acids, trichloroacetic acid, salicyl- 
sulphonic acid, taurocholio acid, nucleic acid and chondroitinsulphuric 
acid, or acetic acid and potassium ferrocyanide. 

The precipitation of proteins is also brought about by heat coagu- 
lation. 

Proteins are typical amphoteric compounds, Le,, they are capable 
of forming both cations and anions in aqueous solution. The hydro- 
gen ion concentration where equal amounts of protein are ionized as 
cation and anion is designated the isoelectric point. The isoelectric 
point is given by the equation 

where ha and fcj are the acid and basic dissociation constants of the 
protein and the dissociation constant of water. 

The isoelectric point, which is an individual characteristic of a 
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protein, can be determined by various physicochemical methods. 
At it 

{a) the viscosity of a protein solution is a minimum ; 

(6) the migration of protein ions in an electric field ceases ; 

(c) the swelling of the protein is minimal ; 

(d) the preoipitability by alcohol is maximal. 

Altered Proteins. — Acid albumin and alkali albuminate are 
products, comparatively little investigated, formed from proteins by 
the gentle action of acids or alkalis. They are only slightly altered 
proteins. Acid albumins are soluble in dilute acids. Alkali albu- 
minates are strong acids, reacting with calcium carbonate with pro- 
duction of CO a. 

Degradation of Proteins. — (1) By the oxidation of proteins 
volatile fatty acids, aldehydes, ketones, nitriles, hydrocyanic acid 
and benzoic acid have been obtained. Gentle oxidation with hypo- 
bromite at 0® appears to be of value in constitutional investigations 
(Ber. 58, 1346). 

(2) Hydrolysis — ^This method of protein degradation, which takes 
place by the addition of the elements of water, is brought about by 
heating with dilute mineral acids or by the action of proteolytic 
enzymes such as pepsin, tr37psin, erepsin, papain, etc. (g.v.). The 
degradation proceeds through a series of intermediate substances 
(peptones, polypeptides and dipeptides) eventually to complete break- 
down to amino-acids. With purified enzymes and under very definite 
conditions with mineral acids (Z. physiol. Chem. 129, 106) it is possible 
to isolate definite intermediate products (Ber. 40, 3544 : Z. physiol. 
Chem. 156, 68) which are of the greatest importance in the deter- 
mination of protein constitution. 

The separation of the mixture of amino-acids obtained by one 
or other of the above methods is carried out by Fischer’s ester method, 
where the amino-acids are esterified and the esters fractionated in 
vacuo, or by Dakin’s more recent method (Biochem. J. 12, 290 : 
13, 398 : J. Biol. Chem. 44, 499 ). In this method the monoamino- 
acids and some peptide anhydrides are extracted from the aqueous 
hydrolysate by a suitable partially miscible solvent, such as butyl 
alcohol : the diamino-acids and diearboxylic acids remain behind 
and can then be separated. The so-called hexone bases, arginine, 
lysine and histidine, can be precipitated together by phosphotungstic 
acid. 

Products of Protein Hydrolysis. 

The amino-acids obtained by complete hydrolysis of proteins are 
collected in the following table : 

(a) Monoamim-rmihocarboacylic Acids, 

Glycine, NHa-CHa-COOH. Hippuric acid, CeHgCO-NH-CHa-COOH (Vol. 11 ). 
Alanine, CH3*CH(lsrHsj)-COOH. 

Valine, (CH3)3CH'CH(NH2)*COOH. 

Leucine, (CH3)2CH-CH3-CH(NH2)*COOH. 
woLeucini C 2 H 5 *CH(CH 3 )-CH(NH 2 )*COOH. 

Phenylalamne, CeH5*CH8’CH(NH2)-COOH (Vol. II). 

Tyrosine, HO-CeH4-CH2-CH(NH2)-COOH (Vol. H). 
atyptophan, (Vol. II). 
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(6) Monoamino-diearbowylic Adda 

Aspartic acid, HOCO’CH(NH 2 )‘CH 3 'COOH. 

Glutamic acid, H0C0-CH(NH2)-CH2*CH2^00H. 

Hydroxyglutamio acid, HOCO-CH(NH 2 )-CH(OH)-CH 2 COOH. 

(c) Hydroxyamino-, Thioamino-, Diamino- and Imino-Acids 

Serine. HOCH 3 CH(NH 2 )-COOH (p. 595). 

Cystine, [■S-CH 3 -CH(NH 2 )-COOH ]2 (p. 597). 

Methionine. CH 3 -S-CH 2 -CH 2 -CH(NH 2 )-COOH (p. 697). 

Ormthine, NH 2 -CH 2 -CH 3 -CHj-CH(NHj)-COOH : also argmme, NH 2 C( : NH)- 
NH-CH 2 -CHj-CH,-CH(NH 2 )COOH, and omithuric acid, CjHsCO-NH-CHa'- 
CH2-CH2-CH(NH"2)-C00H (p. 598). 

Lysine, NH£CH 2 jOT£OT 2 <!H 2 'CH(NH 2 )-COOH (p. 598). 

Proline. is CHa- CHa-CHa-diH-COOH (p . 698). 

Hydroxyproline, NH-CH 2 -CH 2 -CH(OH)-CH-COOH (p. 652). 

/NHCH 

Histidine, CH<^ 1} (Vol. III). 

^N--C*CH2*CH(5m2)‘COOH 


All these compounds are not contained in every protein and their relative 
quantities in the various proteins fluctuate within very wide limits : in addition, 
the hydrolysis products are not recovered quantitatively by any hydrolysis 
method (p. 741). The results of the hydrolysis of gelatin are demonstrated in 
the following table (Dakin, J. Biol. Chem. 44 , 499) . 


Glycine 

Alanine 

Leucine 

Serine 

Phenylalanine 

Tyrosine 

Proline 


2 . 5 - 5 % 

8 - 7 % 

M% 

0 - 4 % 

1 - 4 % 
0 - 01 % 

9 - 5 % 


Hydroxyproline 
Aspartic acid 
Glutamic acid 
Histidine . 
Arginine 
Lysine 
NHs . 


14-1% 

3 - 4 % 

5 - 8 % 

0 - 9 % 

8 - 2 % 

5 - 4 % 

0 * 4 % 


(3) Putrefaction. — ^From the products of putrefaction of proteins 
caused by micro-organisms, bacteria, etc., can be isolated the fatty 
acids xip to caproic acid, phenylacetic acid, CeH 5 -CH 2 *COOH (Vol. II), 
phenol, CeHsOH (Vol. II), and indolepropionic acid, indoleacetic acid, 
skatole (2-methylindole), indole, compounds which are formed from 
tryptophan in a similar manner to the formation of the previously 
mentioned acids from phenylalanine and tyrosine. (Formulse above : 
see also Ber. 37, 1801 : 40, 3029.) In addition, various basic com- 
pounds, principally aliphatic diamines and imines, are formed, and 
are often referred to as ptomains. 

Certain pathogenic micro-organisms such as the diphtheria bacillus, bring 
about a less far-reaching decomposition with the formation of poisonous protein- 
or peptone- like compounds, known as toxins or toxalbumins. These lose their 
toxicity when solutions of them are heated (Ber. 23, R. 251). 

Constitution of Proteins. — In spite of much research the con- 
stitution of the proteins has not yet been solved. 

Molecular weight determinations are surrounded with many diffi- 
culties, and the molecular weights of the simple proteins calculated 
indirectly from their sulphur contents, or of the conjugated proteins 
from their iron contents, afford values which do not agree satisfactorily 
with the determinations by the freezing-point method. Proteins 
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obviously have very large molecules, as demonstrated by the great 
number of amino-acids which can be obtained by their hydrolysis.* 
The mode of linkage of the nitrogen is of great importance in the 
consideration of protein structure. By nitrous acid only some 4-5% 
of the nitrogen is liberated (Van Slyke’s method, Ber. 43, 3170) : 
this is the nitrogen present in the form of free amino groups. The 
free NH^-groups of the amino-acids, the end products of protein 
hydrolysis, are therefore not preformed in the natural protein, but 
are set free during the hydrolysis. The greater part of the protein 
nitrogen must be linked as secondary and tertiary nitrogen atoms. 
Emil Fischer has put forward the idea that the amino-acids are linked 
together in an acid- amide-like so-called peptide manner : ^,e. : 


— CO— NH— or — C(OH)=N— . 

The confirmation of this view is given by the isolation of di- and 
polypeptides by gentle protein hydrolysis (p. 741) and by the splitting 
of synthetic peptides by proteases. 

The existence of this type of linkage in di-, tri- and polypeptides 
as the sole mode of linkage is substantiated by the use of the purified 
enzyme erepsin, an enzyme which attacks exclusively this type of 
linkage, even in a solution of a dipeptide (Ber. 61, 300). With the 
transition of the dipeptides, via the polypeptides and the ill-defined 
peptones to natural proteins, another type of constitution, whose 
nature at present is unknown, makes its appearance. Neither proteins 
nor peptones are attacked by erepsin, which would be expected if a 
peptide-link was the sole basis for the building up of proteins. Con- 
trariwise, no dipeptide is split by trypsin (Naturwissenschaften, 
14, 131). 

Various views have been put forward as to the nature of this other mode of 
linkage. In particular, the existence of cyclic linkages has been advocated, a 
view which receives support in the isolation from proteins of various hetero- 
cyclic ring compounds. Among these are : diketopiperazines [Abderhcdden^ 
Z. physiol. Chem. 139, 182 : Naturwissenschaften, 12, 716) ; oxazines {Berg- 
manUf Z. physiol. Chem. 140, 128 : Naturwissenschaften, 12 i 1155) ; pyrazims, 
{Karrer, Helv. Chim. Acta. 6, 1 108) : hydroxypyrroles {Troensgaard, Z. physiol. 
Chem. 112, 86 : 127, 137 : 133, 116). Nevertheless, these types of compound 
do not seem to be of great importance in the structure of natural protein, on the 
one hand because they are formed under conditions which fairly certainly permit 
of atomic migrations with secondary ring closure (c/. Ber. 56, 1887), and on the 
other hand because none of these cyclic types are hydrolysed by purified proteases. 
It would therefore appear that, at any rate among the proteins readily attacked 
by enzymes, that this type of ring-linkage cannot play an important part. 

The conception introduced by analogy from the chemistry of starch and 
cellulose, that protein is built up of comparatively simple molecules joined by 
subsidiary valencies to form the great protein molecule, has also not received 
universal recognition, although there is experimental support for this conception 
in the X-ray structure of silk protein (Ber. 53, 2162) and in the tendency of simple 


* The molecular weight of haemoglobin has been found to be about 68,000 
by three entirely different methods, osmotic pressure {Adair^ Proc. Roy. Soc. 
[B] 98, 523), sedimentation rate of haemoglobin in a high-speed centrifuge {Sved- 
berg, Z. physik. Chem. 1927, 127, 51 : Nature, 1929, 123, 871) and diffusion 
coefficient of carbon-monoxide-haemoglobin {Northrop and Anson^ J. Gen. 
Physiol. 1929, 12, 543), Certain other chromoproteins appear to have even 
higher molecular weights. 
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cyclic models to association (Aim. 445, 17). The conception of associated basal 
compounds in the protein molecule, however, receives no support in the more 
recent results of enzyme action, using improved analytical and preparative 
methods (Z. physiol. Chem. 156, 80). 

Enzsmie research is, however, shedding some light on the nature of this linkage. 
As already mentioned, the problems of protein constitution and of the cause of 
the extraordinary specificity of the proteases are closely related. More recent 
results with di-, tri- and polypeptides (Ber. 60, 1906 : 61, 299) show that the 
specific activity of the individual proteases (erepsin, trypsin, trypsin -kinase) is 
not so much to be referred to the attack by each enzyme of a specific linking in 
the protein molecule as that “ the specificity of pancreatic trypsin and intestinal 
erepsin are conditioned by the nature of the amino -acid components as well as 
by the length of the peptide chain ” {Waldschmidt-Leitz, Ber. 61, 300). 

Fractional enzymatic hydrolysis with pure enzyme preparations and the 
identification of the intermediate products should yield the clue to a clear con- 
ception of the structure of proteins. 

Physiology of Proteins. — ^The proteins ingested with food are 
hydrolysed by the nnited attack of trypsin, trypsin-kinase and erepsin 
through the intermediate stages of peptones and poljrpeptides to their 
constituent amino-acids. These are absorbed through the intestinal 
wall. In the tissues the reverse process takes place with the forma- 
tion of various body proteins : these are being continuously broken 
down and renewed. 

If an excess of protein is .administered, the animal organism 
possesses no ability, as in the case of carbohydrates, to store it as 
such, but the protein is deaminated and subsequently stored as fat 
or carbohydrate. 

The breakdown of protein in the body commences with an intra- 
cellular enzymatic breakdown to amino-acids, which after deamination 
are oxidized to carbon dioxide and water. The ammonia produced 
by deamination is rendered innocuous in the liver by being condensed 
with carbonic acid to form urea, which is excreted by the kidneys. 

Classification of Proteins 

The structure of the proteins is too imperfectly known to permit 
of a systematic classification. The proteins are subdivided largely 
by characteristics such as their solubility in water, precipitability, etc. 


A. Simple Proteins 

1. Protamines. — ^These are the simplest proteins, and were discovered by 
Mi^her, and largely investigated by Kossel. They are composed of very few 
amino -acids and occur exclusively in the spermatozoa of certain fish. A charac- 
teristic of this class is the high content of arginine ; aalmin from the salmon and 
clupein from the herring are typical examples. The protamines are not attacked 
by pepsin, but are hydrolysed by trypsin or erepsin. Partial enzymatic hydro- 
lysis of clupein, see Z, physiol. CShem. 156, 68. By gentle acid hydrolysis are 
obtained the protones which stand to them in the same relationship as the pep- 
tones to the higher proteins. 

2. Histones. — The best-known histone is that of the thymus gland (Prepam- 

tUm, Z. physiol. CShem. 157, 81). It occurs in the gland combined with nucleic 
acid as nttc^eohistone. It is soluble in water and is precipitated from aqueous 
solution by alcohol. Histone is digested by pepsin-hydrochloric acid ; from the 
products of hydrolysis a histopeptone can be isolated (Z. physiol. Chem. 49, 
301: 119, 66 : 120, 94). ' ^ • 
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3. Albumins are soluble in water, in dilute acids and alkalis 
and in dilute or saturated neutral solutions of sodium chloride or 
magnesium sulphate. In the presence of acetic acid, albumins are 
completely precipitated by saturation with sodiiun chloride or mag- 
nesium or ammonium sulphate. When heated with sodium hydroxide, 
albumin yields a solution of the sodium salts of protalbinic acid, 
insoluble in water, andlysalbinic acid, soluble in water (Ber. 35, 2195). 
Albumins, in presence of neutral salts, are coagulated by heat. Serum* 
albumin and lactalbumin are examples of the class : there are also 
many vegetable albumins. 

4. Globulins are insoluble in water but soluble in dilute acids 
or alkalis, or dilute solutions of sodium chloride or magnesium sulphate. 
These solutions are coagulated by heat, but the globr^ is precipitated 
without change, by saturation with ammonium or magnesium sulphate 
at 30^^. Myosin and musculin (from muscles), fibrinogen, in blood 
plasma, which is converted by fibrin ferment into fibrin ; serum globulin 
and vitellin are representatives. Certain globulins, which occur in 
vegetable seeds, such as edestin, which forms crystalline calcium and 
magnesium salts, have been investigated thoroughly. Other vegetable 
globulins include the Ugumins, phaseolin from beans, conglutin from 
lupins, etc. 


5. Prolamins. (Alcokol-aoluhle proteins.) These are characterized by their 
physical properties. In a moist condition they consist of tough, doughy elastic 
masses. They occur in various grains, and are important factors in bread- 
making. Prolamins (glutens) are insoluble in distilled water, but are soluble in 
water containing a very little acid or alkali. A characteristic of the prolamins 
is their solubility in alcohol (60-70%). 

Certain prolamins jneld on hydrolysis large amounts of glutamic acid, but are 
deficient in the necessary amino-acids, lysine, cystine, tryptophan, in conse- 
quence of which they are incomplete as a source of protein. Qliadin from wheat, 
hordenin from barley, zein from maize are examples. The following amino-acids 
were obtained from zein (Z. physiol. Chem. 130 , 169) ; 


Alanine .... 3*8% 
Leucine .... 25'0% 
Phenylalanine . . . 7'6% 

Proline . . . .8*9% 


Glutamic acid . . .31*3% 

Aspartic acid . . . 1’8% 

jS-Hydroxyglutamic acid , 2*5% 

Cystine and tryptophan absent. 


Scleroproteins, {Derived from the irvterceUular substances) 

Certain nitrogenous substances, which form the greater part of the inter- 
cellular substance, and which when heated with water yield glue (gelatin), are 
referred to as collagen. 

Gelatin swells in cold water, dissolves on heating to a viscous liquid, which 
on recooling solidifies to a gel. When heated with a little nitric acid, or by the 
action of strong acetic acid, the solution loses the property of gel-formation. 

Gelatin has approximately the same elementary composition as the protems, 
but is poorer in sulphur. A gelatin solution is laevorotatoiy. Gelatin solutions 
are precipitated by acetic acid and sodium chloride, or potassium ferrocyanide, 
the precipitate being soluble in excess of the latter : they are also precipitated 
by mercuric chloride and sodium chloride or hydrochloric acid, by metaphos- 
phoric acid or phosphotungstic acid and hydrochloric acid, by potassium mercuric 
iodide and hydrochloric acid, or by saturation with ammonium sulphate. 

Tannic acid precipitates a gelatin tannate from aqueous solution as a toi^h 
yellow precipitate. The gelatin-yielding substances {collagen) react similarly with 
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tannic acid, and form leather. Gelatin solution give Millon’s reaction and the 
biuret reaction ; they give a weak xanthoproteic reaction. 

When dry -distilled, gelatin yields pyrrole- and pyritoe-bases {bom oil). 
Oxidation with permanganate yields oxamide (also obtained from other pro- 
teins) and guanidine (from arginine) (Ber. 38, 455). By oxidation with acid 
hydrogen peroxide, acetone and isovaleraldehyde (probably derived from leucine) 
are obtained (C. 1902, II. 340). 

Gelatin yields when hydrolysed with concentrated hydrochloric acid the same 
products as other proteins — ^glycine (about 16*5%), leucine, proline, hydroxy- 
proline, serine, aspartic acid, glutamic acid, alanine, phenylalanine, arginine, 
etc. (E. Fischer, loc. cit.), but tyrosine and tryptophan are not obtained, and on 
putrefaction no phenol, indole or skatole are formed. 

On more gentle treatment with hydrochloric acid there is formed the alcohol- 
soluble hydrochloride of gelatin-peptone. The behaviour of gelatin-peptone 
towards nitrous acid is indicative of the presence of primary and secondary, as 
well as tertiary, amino groups (Ber. 29, 1084). Tryptic digestion of gelatin yields 
the diketopiperazine, prolylglycine anhydride (c/. Ber. 40, 3544). 

Although gelatin resembles in its general composition true protein, it is not 
capable of functioning as protein in animal metabolism, ascertain essential amino- 
acids such as cystine and tryptophan are lacking. 

By the accumulation of various special substances such as Ca and Mg or fat 
in collagen-containing tissues are formed bone, fatty tissue, cartilage, etc. 

ElastiUj which is distinguished from the true proteins by its low sulphur 
content, and which yields on hydrolysis glycine (25-75%), leucine (21-38%), 
alanine, phenylalanine, valune, proline and glutamic acid (C. 1904, I. 1364), 
belongs to this class, as does keratin, which forms the principal constituent of 
hair, nails, etc., and is distinguished by its high sulphui- content (0-7-5%) (Ber. 
28, R. 561). Keratin yields much the same hydrolysis products as the proteins, 
including leucine, tyrosine, cystine, and serine (Ber. 35, 2660). Elastin and 
keratin are more difficultly soluble and decomposed with greater difficulty than 
the genuine proteins. Elastin is attacked by pepsin and trypsin, while keratin 
is not. Various dipeptides such as d-alanyl-Z-leucine, glycylvaline anhydride, 
d-alanylproline anhydride, are obtained by partial hydrolysis of elastin (Ber. 
40, 3544). 

Fibroin, the principal constituent of silk, is allied to these substances. Silk 
also contains silk gelatin or sericin, which yields serine as its most important 
hydrolysis product. Fibroin is converted into a peptone-hke compound when 
its solution in cold concentrated hydrochloric acid is allowed to stand, and from 
this peptone, trypsin liberates tyrosine. From the residue, which still resembles 
peptone, acids or alkalis produce glycine and alanine or glycylalanine (Chem. 
Ztg. 1902, 940). A tetrapeptide of glycine, alanine and tyrosine has been 
isolated by partial hydrolysis of silk fibroin (Ber. 40, 3552). 


C. Conjugated Proteins 

The conjugated proteins are more complex in their composition. 
By gentle acid hydrolysis they are split into a simple protein and a 
so-called prosthetic group, the latter including phosphoric acid, carbo- 
hydrate, nucleic acid or a coloured prosthetic group. 

I. Glucoproteim 

These yield on heating with mineral acids a protein and a sugar or amino- 
sugar. Eichwald, Ann. 134 ; Hofmeister, Z. physiol. Chem. 24, 169 : Muller and 
Seermmi, Deutsche med. Woehenschrift, 1899, No. 13 : Seeman, Arch, fiir 
Verdauungskrankheiten, IV, (1898). 

Different types of glucoproteins include ; 

1. The true glucoproteins which are closely related to the true carbohydrate- 
free proteins. Ovalbumin in birds’ eggs [Hofmeister, Z. physiol. Chem. 24, 169) 
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is an example : it can be obtained crystalline, but of its uniformity there is 
doubt, and it probably contains mucoids (q.v.). 

2. The mucins contain less carbon and nitrogen and more oxygen than the 
true glucoproteins, probably through a greater content of carbohydrate. They 
do not coagulate on heating in neutral or faintly alkaline solutions, and are not 
precipitated by acetic acid and potassium ferrocyanide and sodium chloride ; 
they are thrown out of solution by excess of acetic acid. They form viscous, 
stringy solutions. 

3. The chondroproteins are compounds of protein or gelatin with chondroitin- 
sulphuric acid (g'.'y.). 

4. The mucoids {mucinogens, hyalogens) include a large number of little- 
investigated glucoproteins, e.g. ovomucoidf the pseudomucin of ovarian cysts, etc. 


II. PhosphoproteiTis 

These are proteins in which phosphoric acid is chemically linked. 

1. Simple Phosphoproteins. — Decomposed on heating with 
mineral acids into protein and phosphoric acid : insoluble in water, 
soluble in alkalis. Similar phosphoproteins can be obtained artificially 
from metaphosphoric acid and proteins (Pfliiger’s Arch. 47, 155 : 
Ber. 21, 598). 

Caseinogen (German, Casein), the most important protein con- 
stituent of milk, is a representative of this group. In its composition 
it resembles other proteins, but contains 0*85% phosphorus. It is 
contained in milk* as a salt, and is precipitated by dilute acids as it 
is insoluble in water. It can be purified by dissolving in alkali and 
reprecipitating with acid. It can also be purified by the use of solid 
sodium chloride or magnesium sulphate, which precipitate it un- 
altered from solution. Among the hydrolysis productS'of caseinogen 
glycine is lacking, but tryptophan and tyrosine are abundant. Under 
special conditions, Fischer claims to have isolated a diaminotrilxy- 
droxydodecoic acid. 

A solution of the alkali or calcium salt of caseinogen is not coagu- 
lated by heat. A calcium-free solution of caseinogen is not coagulated 
by rennet, but the addition of a calcium salt brings about coagulation, 
even if the rennin has been inactivated by heat. Rennin probably 
acts by splitting caseinogen into various proteins, including casein 
(German, Paracasein) which in the presence of calcium separates as 
a complex calcium salt (cheese manufacture). 


2. Nucleoproteins, or nucleins, are appreciably more complex substances. 
Acid hydrolysis breaks them down into protein and so-called nucleic acid, which 
on more energetic hydrolysis can be broken down into phosphoric acid, carbo- 
hydrate and purine or pyrimidine bases. 


< Protein 

Nucleic acid^ 


rPhosphoric acid 
►Carbohydrate 
^Purine or pyrimidine 


The purine bases which occur are guanine and adenine : the p^e’uuidine 
bases, uracil, cytosine, thymine [qq.v.). 

The nucleoproteins are the proteins of the cell nuclei and are obtained from 
tissues rich in nuclear material. They are obtained from spermatozoa, th5nnus 
gland, yeast, blood cells, etc. They are weak acids, and soluble, therefore, in 
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alkalis, on which property their isolation is based. The proteins obtained by 
their hydrolysis are imperfectly investigated. . , 

Nucleic Acids. — ^Preparation from Jieh spermato^^ Z. physiol. Chem. 25, 
430 : from thymus, Ber. 27, 2215 : from yeast, Z. physiol. Chem, 2, 487 : from 
wheat embryo, Z. physiol. Chem. 36, 85. 

The products of partial hydrolysis of the nucleic acids are of importance 
in the study of their constitution {Levene, Thannhavser), On the one hand, purine 
or pyrimidine-carbohydrate compounds, the nucleosides, are obtained, e,g, 
adenosine, guanosine, cytidine, uridine (Ber. 41, 27 : 42, 43), and on the other 
hand, sugar-phosphoric esters, e*g* d-ribosephosphoric acid. From these products 
it is concluded that in the nucleic acids the sugar-phosphoric acid is linked in a 
glucosidic manner with the pyriinidine or purine base (in the latter, usually 
through iST-atom 7, see purine, p. 637). Nucleosides have been obtained syn- 
thetically by the action of acetobromohexoses on purines or pyrimidines (Ber. 47 , 
210, 1058, 1390, 1304). 


III. Ghromoproteins. (HcBmoglobins) 

These conjugated proteins contain as their prosthetic group a 
coloured compound. The compounds of hsemochromogen with globins, 
the so-caUed haemoglobins, are of particular importance. 

Oxyhaemoglobin occurs in the red blood corpuscles and can be 
obtained crystalline from an aqueous solution of red blood cells, after 
the removal of cholesterol and lecithin by ether extraction, by cooling 
the solution after the addition of alcohol. The oxyhaemoglobins 
obtained from different animal species show differences, particularly 
in their crystalline form. The composition of oxyhaemoglobin differs 
from that of other proteins by the presence of 04% iron. If the 
molecular weight of haemoglobin is calculated on the assumption that 
there is one atom of iron in the molecule, a value exceedhig 13,000 
is obtained (see also footnote, p. 743). The haemoglobins form bright 
red crystalline powders, which are easily soluble in water and are 
reprecipitated in a crystalline form by the addition of alcohol. By 
evacuation of an aqueous solution of oxyhaemoglobin, or by the use 
of reducing agents (ammonium sulphide) oxygen is lost, and hmmo- 
ghbin (reduced haemoglobin) formed ; • the latter occurs in venous 
blood and can be obtained crystalline (Ber. 19, 128). An aqueous 
solution of haemoglobin rapidly takes up oxygen from the air and is 
reconverted into oxyhaemoglobin. Both compounds show in aqueous 
solution characteristic absorption spectra, by which they can readily 
be differentiated. (Preparation of crystalline oxyhaemoglobin from 
horse blood, and its conversion into haemoglobin, see Z. physiol. 
Chem. 136, 147.) 

If carbon monoxide is passed into a solution of oxyhaemoglobin 
oxygen is displaced with the formation of mrbon-monoxide-hmmoglobm, 
which can be obtained in large bluish crystals. This explains the 
toxicity of carbon monoxide. The solution of carbo’n-monoxide- 
haemoglobin shows, like oxyhaemoglobin, two absorption bands be- 
tween the Fraunhofer lines D and E, but unlike those of oxyhaemo- 
globin, they do not disappear on addition of ammonium sulphide. 

Reduced haemoglobin exhibits but one absorption band between 
D and E. Other gases, such as nitric oxide and hydrogen cyanide, 
are absorbed by haemoglobin in equivalent amounts. 
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By the action of certain salts, such as nitrites, chlorates, per- 
manganates, or of certain organic compounds, in particular of anilme, 
phenylhydroxylamine and quinone, oxyhsemoglobin is changed into 
methsBmoglobin, which is differentiated from haemoglobin by its 
absorption spectrum, and by the more stable combination with oxygen. 
Powerful reducing agents convert methsemoglobin into reduced 
haemoglobin. 

For the conversion of haemoglobin into bile-pigments, see bili- 
rubin, p. 753. 

When warmed to 70° or by the action of acids or alkalis, oxy- 
haemoglobin is broken down into the protein globin and the pigment 
hcBmochr(mogen.* A different globin is obtained from each animal 
species : hydrolysis of globin, see Fischer, op. ciL, pp. 695, 740, 
Haemochromogen contains 9% iron and is converted by oxygen into 
haematin. 

If oxyhaemoglobin (or dried blood) is warmed with a drop of 
glacial acetic acid and a little sodium chloride, microscopic red-brown 
crystals of Acemm, or hcematin chloride, C 34 H 3 oN 404 peCl (Teichrmnn^s 
crystals), are produced (Ber. 29, 2877 : 40, 2021 : Ann. 358, 213). 
By the action of alkali they yield hcematin, C 34 H 3 oN 404 FeOH. This 
reaction is used forensically as a delicate test for blood. 

Hsemin. — On account of its ready crystallizability, hsemin has 
been thoroughly investigated. It contains four p 3 nrrole nuclei. Only 
the more important aspects of the chemistry of blood pigments will 
be referred to here. Further information ynR be found in VoL III 
at the end of the pyrrole compounds. Further references, AMer- 
halden, Handbuch der biolog. Arbeitsmethoden, Abt. 1. TeiL 8, 
Heft 2 : H. Fischer, Oppenheimer’s Handbuch der Biochemie, 2. Aufl. 
Bd. I, 351 : Ber. 60,’ 2611 : also the publications of Willstdtter, Kuster, 
Piloty, etc. 


♦ According to recent work, hsemochromogen is not a protein-free pigment, 
but contains a pigment conjugated with denatured globin : the protein-free 
pigment is called hcsm. Many other substances, such as pyridine, are capable of 
combining with haem to form hssmochromogens. The relationships between 
some of the derivatives of haemoglobin according to this scheme are given in 
the diagram below. (See Atisoti and Mirsky, J. physiol. 1925, 60, 60, 161, 221 ; 
J. Gen. Physiol. 1929, 13, 121, 133, 469, 477 ; Barcroft, Lecture, J.C.S. 1926, 
1146). 


Aik. Eeducing Agents ^ 

Haemin Reduced Haem 


Haemochromogen. 



Oxyhaemoglobin 


Oxidiijfattg 

agents 


Methaemoglobin 


^ Reduced haemoglobin. 
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Hsarain is a dibasic acid, insoluble in indifferent organic solvents, soluble 
in alkalis, but insoluble in bicarbonate solutions. It forms a dimethyl ester 
and contains two unsaturated side chains, which can add on hydrogen or 
bromine. 

Degradation of Hcemin. — 1. Oxidation leads to the formation of hcematimc 
acid {Synthesis), Ber. 47 , 682 : see also p. 648). 

CHs-C— COv 
il >NH 
HOCO-CHa-CHgC— CO/ 

Hsematinic acid is formed from the two pyrrole nuclei bearing carboxylic groups : 
the two bearing side chains are destroyed. 

2. Energetic reduction, by hydrogen iodide and acetic acid, leads to a mixture 
of pyrroles and pyrrole carboxylic acids. The following have been obtained : 
(a) Basic products. HcBmopyrrole, 2 : 3 -dimethyl-4 -ethylpyrrole, aryptopyrrole, 
2 : 4-dimethyl-3-ethylpyrrole, phyllopyrroU, 2:3: 5 -trimethyl-4 -ethylpyrrole, and 
opsopyrrole, 3-methyl-4-ethylpyrrole. (6) Acid products. Hcemopyrrolecarhoxylic 
acid, 2 : 3-dimethylpyrryl-4-propionic acid, cryptopyrrolecarboxylic acid, 2 : 4- 
dimethylpyrry 1-3 -propionic acid, phyUopyrrolecarhoxylic acid, 2:3: 6-trimethyl- 
pyrryl-4-propionic acid. 

3. Less energetic reduction leads to the metal-free porphyrins, first obtained 
by Hoppe-Seyler and Nencki, which contain the skeleton of hsemin practically 
unaltered. Acetic acid and hydrogen bromide convert hsemin into the long- 
known crystalline hcematoporphyrin, Cs4H34N404(0H)2, which forms salts with 
dilute acids or alkalis, also esters and ethers. Hydrogen iodide and glacial 
acetic acid yield mesoporphyrin, C34H3gN404, which forms a hydrochloride, alkali 
salts and esters. In the latter both unsaturated side chains have been hydro- 
genated, and an additional product obtained by the oxidative breakdown of 
this compound is methylethylmaleinimide {Synthesis, Ann, 345 , 11). Further 
reduction of mesoporphyrin with potassium amalgam yields mesoporphyrinogen, 
C34H44O4N4, the leuco -derivative of mesoporphyrin. Hoemoporphyrin, which is 
formed from hsematoporphyrin by the action of methyl-alcoholic potash at high 
temperatures, and which on loss of its carboxyl groups yields setioporphyrin III,* 
is probably isomeric with mesoporphyrin. uEtioporphyrin is obtained from 
chlorophyll, and this reaction shows the close relationship of the two biologically 
most important pigments. 

Natural Porphyrins. — Under pathological conditions {porphyrinuria) the 
urine contains considerable quantities of uroporphyrin and coproporphyrin (Z. 
physiol. Chem. 95 , 34 : 96 , 148, 309 : 97 , 109, 148 : 98 , 14, 78). Both these 
porphyrins are derived from setioporphyrin I, uroporphyrin containing eight, and 
coproporphyrin four carboxyl groups. Coproporphyrin can be demonstrated 
spectroscopically in the faeces of vegetarians, and has been isolated from 
yeast (Z. physiol. Chem. 138 , 56). Turacin, a pigment in the feathers of the 
turacus bird, is the copper salt of uroporphyrin. 

Other porphyrins related to blood pigment occur in nature. In the pigmented 
shell of wild birds (particularly sea-gulls) ooporphyrin is found (Z. physiol, Chem. 
131 , 241 : 138 , 262). Ooporphyrin {protoporphyrin, Kammerer^s porphyrin), 
like hsemin, from which it can be obtained by the removal of iron, contains two 
carboxyl ^oups. The putrefaction of blood produces deuteroporphyrin, C30H30- 
N4O4, which on oxidation yields citraconimide and hsematinic acid : in this 
compound, both unsaturated side chains have been split off. 

The porphyrins mentioned above are distinguished by a characteristic absorp- 
tion spectrum and by their capacity to form complex iron derivatives. 

Many other porphyrins, which do not occur in nature (up to 1928 about 
30 different) have been obtained synthetically. Summary, H.| Fischer, Ber. 
60 , 2611. The methods employed will be dealt with in Vol. Ill under 
pyrrole. 

The relationships between the various oompoimds dealt with is given in the 
following diagram: 


Meaning of the roman numeral, see Ann. 459, 54 ; also p. 751. 
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Hfematmip acid 


Complete 

oxidation 


Haemop 3 ?Trole Hiemopyrrolecarboxylie acid 

Cryptopyrrole Oryptopyrrolecarboxylic acid 

Phyllopyrrole Phyllopyrrolecarboxylic acid 


Hiemin 



\ / 

Oegradatioa by reductioa 


Ooporphyrin 


C„HsoN 40 ,FeCl +^6 ^ 
(1) 


H8ematoporph3rrin 

C84H3^N40fl 



Mesoporpiiyriii 

C 84 H 38 N 4 O 4 


Haemoporphyrin 

CaAaNAlV) 


Haemophyllin 


.^tioporphyrin III 
CaaHasN* 


Uroporphyrin — . 

Deuteroporphyrin C4oH38N40io 
CautiaohiiO* 4 CO» 

Coproporphyrin 

OS 6 H 38 N 4 O 8 

I - 4COa 
^tiporphyrin 

CS 2 H 33 N 4 


- SCO,- 


References to above scheme : (1) Ber. 34, 997. {2)~(8), all Z. physiol. Chem. 
(2)87,423. (3) 154,39. (4)142,156. (5) 142,142. (6) 140,241. (7) 138, 
49. (8) 140, 231 : 161, 18. 


Constitution , — From the results of molecular weight determinations and of 
synthetic and analytical experiments, it appears that all porphyrins and the 
haemins and phyllins obtained from them by the introduction of iron or mag- 
nesium contain a so-called porphin nucleus (Ber. 60, 2639), for which the struc- 
ture suggested by W, Kiister (Z. physiol. Chem. 82, 463), consisting of four 
pyrrole residues linked by methine groups in the a-positions, expresses the findings 
most satisfactorily. 


IV 




,CH 
HN< 


III >N 


!H HO 


HN<^ II 


i 


-CH- 


Porphin-skeleton. 

It will be noticed that I is a genuine pyrrole ring, whereas III and IV are 
pyrrolenine rings and II the ring of maleinimide. By the introduction of methyl, 
ethyl and propionic acid groups on the carbon atoms 1-8, the numerous por- 
phyrins are obtained, likewise four aetioporphyrins, all of which have been syn- 
thesized (Ann. 459, 53). Of these aetioporphyrins, cetioporphyrin /, 1 : 3 : 5 : 7- 
tetramethyl-2 : 4 : 6 : 8-tetraethylporphin, is of importance from its relationship 
to uro- and coproporphyrins, while (stioporphyrin 1:3:6: 8-tetramethyl- 
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2 :4:6: 7-tetraethylporphm, is the basis of hsemin and of oo- and meso- and the 
other porphyrins obtained from blood pigment. Mesoporphyrin is 1 : 3 ; 6 : 8- 
tetramethyl-2 : 4-diethylporphin-6 : 7-dipropionic acid. 

Chlorophyll 

By this name are referred to the plant pigments which occur in 
all green plants, and which are of importance physiologically to the 
plant, and also indirectly to animals in connection with natural 
synthetic processes. 

It is noteworthy that chlorophyll, the green plant pigment, and 
hsemin are related, at any rate in their breakdown products (see p. 750). 
Just as hsemin is peculiar in its iron content, so chlorophyll is charac- 
terized by its content of magnesium {Willstdtter). 

Amorphous chlorophyll can be obtained from fresh or dried plants 
by extraction with alcohol : the extract can be purified by extraction 
with benzene or carbon bisulphide and water. 

The pigment thus obtained is a mixture of 3 parts chlorophyll a, 
CgsH'yaOfiNiMg, and 1 part chlorophyll 6, C55H7o06N4Mg (Ann. 380, 
177 : separation, see Aim. 390, 2^). 

Chlorophyll a contains two carboxyl groups, of which one is esterified with 
methyl alcohol, the other with the unsaturated alcohol phytol (see p. 152). The 
existence of a third carboxyl group, probably in the form of a lactam ring, is 
uncertain. From these facts, the formula of chlorophyll a (with suitable modifica- 
tion for chlorophyll h) can be written (C32H3oON4Mg)COOCH3-COOC2oH8ft. 
Chlorophyll a and h are closely related, and their breakdown leads finally to 
identical products. 

The oxidative degradation of chlorophyll products with lead peroxide and 
sulphuric acid or chromic acid yields hsematinic acid (p. 750) and methylethyl- 
maleinimide (Ann. 373, 227). 

Energetic reduction with tin and hydrochloric acid or glacial acetic acid and 
hydrogen iodide (Ann. 385, 188) yields hsemopyrrole and phyllopyrrole (p. 750). 

Acids remove magnesium from chlorophyll with the formation of phoeophytin, 
(CsjHjjONJCOOCHj'COOCsoECjg.. The corresponding free dicarboxylic acid is 
phytochlorin e; the introduction of magnesium leads to the formation of a 
phyllin. Alkalis hydrolyse the ester groups, without touching the magnesium- 
containing nucleus. According to the conditions the products are chlorophylUn, 
(C8tH3oON4Mg)(COOH)3, or the isomeric iaochlorophyllin. Progressive decar- 
boxylation leads through a series of other phyllins eventually to the oxygen- 
free mtiophyUin, CsjHsiNiMg, from which dilute acids produce setioporphyrin 
(Arm. 400, 182). 

Other Plant Pigments 

A number of yellow and red, chemically indifierent pigments 
accompany chlorophyll. They can be divided into two groups, (a) 
the oxygen-free carotinoids and (6) the oxygen-containing xantho- 
phylls. Both classes give an in^o-blue colour with concentrated 
sulphuric acid and are oxidized in air. 

(a) Carotinoids (see also p. 118). — Carotene, C40H53, m.p. 156°, forms reddish- 

yellow crystals and is obtained from carrots {Daucus carota) (Ann. 355, 8 : Z. 
physiol. Chem. 64 , 47), from corpus lutmm (Z. physiol. Chem. 83, 198) and 
from g(dl stones of oxen (Z. physiol. Chem. 88, 331). It can be hydrogenated 
catalji/ically (Ber. 61 , 566). Triiodide, m.p. 137°, forms deep-violet, 

whetstone-shaped crystals. Lycopene, C43H56, m.p. 168-9°, the pigment of 
tomatoes, is isomeric with carotene (Z. physiol. Chem. 64 , 47) and yields with 
iodine amorphous products. 

(b) XanthophyUs.— (a), m.p. 172°, forms yellow 

Cfystals. An isomer is the ovarian pigment lutein, m.p. 193°, also known as 
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xcmthophyll (b) (Z. physiol. Chem. 76, 214). Fucoxanthin, C40H54O6, is obtained 
from brown seaweeds, and forms brown-red prisms, + 3CHaOH, m.p. (dried) 
160° (Ann. 404, 237). Summary, see J2. Willstdtter, Ber. 47, 2831. 

Bile Pigments and Bile Acids 

In the bile, the secretion of the Uver, which is indispensable for 
the digestion of fats, occur the bile pigments and a series of acids, 
the most important of which are glycocholic and taurocholic acids : 
the bile also contains lecithin and cholesterol. 

Bilirubin, C 33 H 86 N 4 O 6 , is the most important of the bile pig- 
ments. It is obtained from gall-stones in the form of brownish - 
yellow crystals (Z. physiol. Chem. 73, 216) and, like haemin, is a 
dibasic acid, which forms a well-crystallized ammonium salt and esters. 
Bilirubin is formed in the body from blood pigment. This is not 
confined to the liver, but occurs throughout the so-called reticulo- 
endothelial system of the body, which is distributed principally in 
the spleen, bone-marrow and liver. It has long been known that 
m old extravasations of blood beautiful brownish-yellow crystals 
occur, which were referred to as hcematoidm. Fischer and Reindel 
have shown that hsematoidin is identical with bilirubin (Z. physiol. 
Chem. 127, 299). 

Oxidation of bilirubin yields hsematinic acid (p. 750). Bilirubin is more 
stable towards reducing agents than hsematin, and an intei’inediate product 
containing two pyrrole nuclei, bUirubinie acid (m.p. 187°), can be isolated, whose 
constitution has been elucidated by Hans Fischer (see Vol. III). More complete 
de^adation leads to the formation of cryptopyrrole and cryptopyrrolecarboxylic 
acid. 

Bilirubin can be catalyticaliy hydrogenated to mesobilirubiHf C38H40N4O*, 
m.p. 315°. Sodium amalgam reduces it to the leuco-compound mcsobilirubinogen^ 
m.p. 203°, which on oxidation yields mesobilirubin. Oxidation by air produces 
from inesobilirubinogen urobilin, which occurs in the faeces and to a small amount 
in normal urine, but whose constitution is uncertain. 

The Bile Acids. — ^The three bile acids which to date have been 
obtained from ox gall-stones can be referred to a common cholanic 
acid, C 24 H 40 O 2 , as basis. The known bile acids are hydroxy deriva- 
tives of this acid. 

1. Lithocholic acid, 3 -hydroxy cholanic acid, C24H40O3, m.p. 186° (Z. physiol. 
Chem. 73, 234 : 110, 123). 

2. Desoxycholic acid, 3 : 7-dihydroxycholamc acid, C24H4QO4, m.p. 172° (Z. 
physiol. Chem. 97, 1 ; 98 , 59). 

3. Cholic acid, 3 : 7 : 12-trihydroxycholanic acid, Cg4H4o06, m.p. .195° (Z. 
physiol. Chem. 80, 297). 

The above three acids all occur in ox gall. 

4. HyodesoxychoUc acid, 3 ; 13-dihydroxycholanic acid, m.p. 196-197°, isomeric 
with desoxycholic acid, occurs in the bile of swine (Ann. 433, 282 : 447, 233). 

5. Ckeno- or Anihropodesoxy cholic acid, 3 : 12-dihydroxycholanic acid, m.p. 
140° (solvent-free), is obtained from human (Z. physiol. Chem. 140, 186) or 
goose (Z. physiol. Chem. 140, 167) bile. CottstUntion^ see Z. physiol. Chem, 
157, 180. 

In bile those acids are conjugated with glycine or taurine, e,g,, to glycocholic 
acid. C24H3204*NH*CH2'C02H, m.p. 133°, and taurocholic acid, C24H8»04*NH- 
CHg'CHj'SOgH, m.p. indef., which can be decomposed into their constituents 
by prolonged boiling with alkali. 

The constitution of the bile acids has been largely elucidated by the work 
of Wieland and his school. The skeleton of the bile acids, as of cholesterol, is 
a tetracyclic fully hydrogenated ring sfenicture (see below) which contains attach^ 
to ring IV a side dhain of known struotuie, and three carbon atoms whose dis- 

VOL. I. 3o 
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tribution is uncertain (see WidnYid, Z. physiol. Chem. 1912—1924 : degradation 
of side chain» ibid, 161, 80). The apparent relationship of the bile acids to the 
sterols is demonstrated by the oxidation of pseiwiocholestane to cholanic acid 
[Windaus, Z. physiol. Chem. 100, 167). The oxidation of cholestane proceeds 
similarly with formation of allocholanic acid. The structure of the fundamental 
cholanic acid and its relation to the sterols is shown in the following scheme : 


12 



Attached to ring IV 
.(a) CaH 7 

(6) CHCCHsj-CHa-CHa-COaH 
Ester 

-f* ^^CrOa 

CHaMgl Oxidation. 

>r(Ber. 59, 2064). 

— CH(CH3)-CH2-CH2-CH2-CH{CHa)o 
;p£et<e?oCholestane. 


Desoxycholic acid forms well-defined crystalline addition products with fatty 
acids and other organic compoimds, \~desoxychoUc acid-B-palmitic acid, m.p. 
186®, once called choleic acid. This combination of fatty acids with desoxycholic 
acid is of physiological importance. Dehydrockolic acid (3:7: 12-triketocholanic 
acid) is used therapeutically as a cholagogue imder the name decholin. 


Sterols 

The sterols occur both free and combined as esters of higher fatty 
acids both in the animal and vegetable kingdoms. The sterols give 
certain group reactions, e.gf., a deep-red to bluish-red colour when 
their chloroform solutions are treated with concentrated sulphuric 
acid {Salhowshy's test). Another characteristic is the ability of the 
majority of sterols to combine with saponins, especially digitonin, to 
give sparingly soluble molecular compounds which can be used for 
the quantitative estimation of free sterols {Windam, Ber. 42, 238). 

Cholesterol, C 27 H 45 OH, is the most important zoosterol (sterol 
of animal origin). It has m.p. 148°, b.p. c. 360°, — 37*8° (in 

ether). In addition to its occurrence in bile (xo^irj^ bile, areag, fat : 
gall-stones contain up to more than 90% cholesterol), cholesterol 
occurs in the brain, in blood, in yolk of egg, etc. 

It is insoluble in water, but soluble in the majority of organic ' 
solvents : from alcohol it crystallizes in mother-of-pearl plates or 
tables with a soapy feel, containing IHgO ; from ether it crystallizes 
anhydrous in needles. 

It protects the red blood cells against haemolysis, by certain toxins, 
and has therefore an antitoxic action (C. 1905, 1. 1265 : Ber. 42, 238). 

For our knowledge of the constitution of cholesterol we are indebted to 
Mauthner, Suida, Diels and particularly to Windaus, It is a cyclic secondary 
alcohol containing a double bond, derived from the saturated hydrocarbon 
cholestane, m.p. 81®. As the corresponding open-chain saturated hydrocarbon 
would have the formula C27Hse, the 8 hydrogen atoms less of cholestane 
suggest a tetracyclic hydrogenated ring system. 

Two rings have been established by systematic degradation. Bing I which 
contains the hydroxyl group is a 6-membered ring, whUo ring II which contains 
the double bond is a 5- ring. The conversion of j:^set4docholestane into cholanic 
acid (above) is evidence that the remaining two rings are identical with those 
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of the bile acids. Cholesterol and the bile acids are distinguished, apart from 
their spatial configuration, by an i6‘opropyl group in the side chain. The present 
state of our knowledge of cholesterol constitution is given in the following formula : 
H, 

Attached to ring IV 

(а) C3H, 

(б) ~-CH(CH3) •CH2-CHo-CH.yCH(CH3).> 


Ghol^teiol. 

In the gut cholesterol is reduced to the saturated alcohol coprosterol^ C27H48O, 
m.p. 112 , [a]D + 24®. This reduction can be achieved chemically (Ann. 453, 
101). Coprosterol is actually not the normal dihydroeholesterol, but is derived 
from a stereoisomeric hydrocarbon, psewdocholestane {coprostane, C27H43, m.p. 
78-79°) (Monatsh. 30, 639), which is the connecting-link with the bile acids 
(see p. 753 and Z. physiol. Chem. 100, 167). 

The esters of cholesterol and of isocholesterol with higher fatty acids form 
lanolin (wool-fat) which occurs in raw wool and is used as a basis for ointments, 
as it is taken up by the skin. 

Phytosterols. — The vegetable sterols or phytosterols are widely distributed. 
Some are isomeric with cholesterol, but others contain more than one double 
linking. Sitosterol, C27H40O, m.p. 137°, [a]® — 33-9° (Ber. 39, 4378 : 40, 3681), 
is the most important sterol of the higher plants and is obtained from wheat 
seedlings or calabar beans. Stigmasterol, C80H48 ©r soO, H^O, m.p. 170° [a]© — 45° 
(chloroform) (Ber. 39, 4378), occurs with sitosterol in the calabar bean and con- 
tains two double bon^. Brassicasterol, C28H46O, m.p. 148° (Ber. 42, 614), from 
rape oil. Ergoaterol, C 27 H 48 O, HgO, m.p. 165°, [oc]d — 132° (chloroform) (C. 1908, 
TI. 716 : Ann. 452, 34 : 460, 212), occurs with, fungisterol, C25H40O, HgO, m.p. 
144°, in ergot of rye : it is best obtained from yeast fat or from yeast (Z. physiol. 
Chem. 124, 8 ; Ann. 460, 218). Ergosterol is the t3rpical sterol of the cryptogams 
and contains three double bonds. Irradiation with ultra-violet light produces 
the anti-rachitic vitamin D. This anti-rachitic vitamin has recently been 
obtained crystalline and is called calciferol (Proc. Boy. Soc. 1931, [Bj, 108, 340). 

Enzymes * 

It has long been known that certain reactions were accelerated 
or catalysed by substances of unknown constitution occurring botli 
in plant and animal tissues, e.g., formation of maltose from starch, 
inversion of sucrose, hydrolysis of amygdalin. These organic or 
biological catalysts, which also act when separated from living cells, 
are known as enzymes. 

The isolation of an enzyme in absolutely pure condition has not 
yet been achieved : methods have, however, been evolved by which 
enzyme preparations of great activity are obtained. The preparation 
usually involves the two stages : 

(i) Extraction of the crude enzyme from the animal or plant 
tissue by pressing-out or by the action of solvents. 

* H. V. Euler, CJhemie der Enzyme : C. Oppenheim&r, Fermento und ihre 
Wirkimgen, Leipzig, 1924, Thieme : H. v, Euler, Lecture, Ber, 55, 3582 : i?. 
WillsidUer, Ber. 55, 3601 : 59, 1 ; Naturwissenschaften, 15, 585: F. Boua, 
Praktikurn der physiologischeu Ohernie, Teii I, Formontmethoden, Berlin, 1926, 
Springer : E. WaldschmUlt*Leitz, Die Enzyme, Braunschweig, 192ti, Vieweg. 
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(ii) The concentration of the enzyme by the following methods : 

(а) The removal of admixed substances b;^ the salting- out 
action of metallic salts. 

(б) Precipitation with alcohol. 

(c) Adsorption of the enzyme on a colloid with the opposite 
electric charge (iron hydroxide, aluminium hydroxide, kaolin) 
followed by the removal (elution) from the adsorbent. 

Willstatter and his colleagues in particular have developed methods 
for the concentration of enzymes based on adsorption and elution 
(Z. physiol. Chem. 125, 93 : Ann. 425, 1). By these methods, for 
example, invertin, the enzyme which hydrolyses cane-sugar, has been 
concentrated 12,000 times and pancreatic lipase 300 times, at the 
same time being freed from accompanying enzymes. The increasing 
instability of enzymes with increasing purity has hindered the attempts 
to obtain them quite pure. 

According to Willstatter, the enzymes consist of a colloidal carrier 
and a purely chemically-acting active group. They cannot be placed 
in any of the hitherto known classes of natural products. 


Enzjmaes are named after the substrates which they break down : 

Fat-hydrolysing enzymes. Lipases, e.g. Pancreatic lipase. 

Protein-hydrolysing enzymes. Proteases, e.gf. Trypsin, Erepsin, Pepsin. 

Cane-sugar-hydrolysing enzymes, SaccJmrasPS, e.g. Invertin (Invertase) of 
yeast. 

Starch-hydrolysing enzymes, Amylases, e.g., Malt amylase or diastase. 

Glucoside-splitting enzymes, Olucosidases, e.g. ^-Glucosiclase in emulsin. 

Dehydrogenating enzymes, Oxidases and peroxidases. 

Reducing enzymes, Reductases. 

Enzymes which remove CO 2 , Decarboxylases. 

Enzymes which remove sulphuric acid, Sulphatases. 

Enzymes are also known which have ‘a synthetic action, with the formation 
of O — C links. These are known as carboligases {Neuherg, Ber. 55, 3635 : cf. 
LiMner and Liebig, Z. physiol, Chem. 88, 109). For examples of enzymatic 
synthesis of disaccharides, see the end of this section. 


A typical property of the enzymes, which distinguishes them from 
the inorganic catalysts, is their extraordinary specificity, t.e., the 
property which restricts their action to a very definite substrate. 
The relation between enz3mie action and substrate constitution, which 
has been likened by E. Fischer to a key (enzyme) and lock (substrate), 
is abundantly confirmed experimentally. 

For the study of this problem the glucosides are well suited. A 
typical example of enzyme specificity is given by the action of emulsin 
jj-glucosidase on the aqueous solutions of the following /^-glycosides : 


CHjOH 

iS-MeUiylglacoside. 

Hydrolysed. 


CHjBr 

i?-MethylgIu<joside- 
C-bromohydrin, 
Not hydrolysed. 


I 

CH3 

^-Methyl isorham- 
aoside. 
Hydrolysed. 


|— CH-OCHs 

— CH-OCHs 

— CH-OCHg 

j CHOH 

j 

CHOH 

1 

CHOH 

0 CHOH ( 

j 

> CHOH ( 

1 1 1 

1 

} CHOH 0 

j 

CHOH 

i 

CHOH 

1 

1 j 

CHOH 

j 

~CH 

i— CH 

! 1 

CH 


-CH-OCHa 

1 

CHOH 
. 1 

O CHOH 
I 

CHOH 

I 

-CHa 


i?-Methylxylosidp. 
Not hydrolysed. 
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None of the above glycosides are attacked by the enzymes of 
bottom-yeast, which contains only a-glucosidase. 

The activity of enzymes is profoundly influenced by the presence 
of electrolytes and other substances. 

1. Hydrogen Ion Goncevitration, pa * — ^Many enzymes have their optimum 
activity at a definite, usually very weakly acid reaction. Following Sorensen, 
the hydrogen ion can be represented by the calculation of the normality of a 
solution as an exponent to the base 10, the negative sign being neglected, e.gf. : 

N/m acid =10-^: ^ 2*0 

N /lOOOO acid — 10~* ; = 4*0 

For N/500 acid the p^ is calculated as follows : 

0*002 = 2 X 10-8 = (say) 10* 
log 2 — 3 = a? 
i,e, a? = — 2*7 
Ph = 2*7. 


For the maintenance of a definite hydrogen ion concentration, so-called 
buffers are used. These are acid-salt mixtures which only change their reaction 
slightly when acid or alkali is added to their solutions, and the hydrogen ion 
concentration is thus maintained nearly constant throughout the reaction. Such 
buffer mixtures consist of sodium acetate -f acetic acid, the sodium phosphates 
NaH 2 p 04 and NagHPO^ (Michaelis), sodium citrate -f- hydrochloric acid, sodium 
citrate H- sodium hydroxide (Sorensen). 

The optimal hydrogen ion concentrations for certain important 6nz}nnes are 
given in the following table ; 


Enzyme. 
Amylase . 
Saccharase 
Maltese 
a-Glucosidase 
)3-Glucosidase 
Pepsin 
Catalase 


Optimum p^. 
6*7 

. 4*4-4*6 

6*6 

. 5*8-6*6 

5 

. 1*6-1 *8 
7 


Source of enzyme. 
Pancreas 
Yeast 
Beer-yeast 
Bottom yeasts 

ICTmdftin 

Gastric juice 
Liver 


2. Enzyme action is influenced by the presence of other ions. E.g. Pancreatic 
amylase depends upon the presence of chlorine ions, trypsin is markedly influenced 
by calcium ions. 

3. Temperature . — Every enzyme has a maximum activity at a definite 
temperature. In general this lies between 37° and 53°. Higher temperatures 
rapidly produce inactivation. ^ 

4. The Presence of Coenzymes . — Many organs yield their enzyme in an inactive 
form, the so-called zymogens, which are only made active by certain other 
substances or coenzymes (Kinases). 

A typical example of this is the activation of the vegetable protease papain 
by hydrogen cyanide {WiUst&tter and Grassmann, Z. physiol. Chem. 138, 184). 
The system papain-hydrogen cyanide has an altogether different working range 
from that of papain alone. The proteolytic enzyme of the pancreas, trypsin, 
requires the presence of a coenzyme obtained from the intestinal wall, so-called 
enterokinase, for certain of its activities (Z. physiol. Chem. 132, 181 : 149, 203). 

5. Inhibition and Poisoning of Enzymes . — ^Heavy metal salts in particular 
prevent the action^of enzymes. Among organic compounds chloroform, toluene, 
and bases such as aniline and phenylhydrazine have an inhibitory effect. 

The action of en 23 nnes is pictured as due to the combination of the enzyme 
with its substrate, the complex formed then breaking down into other products. 
The action of yeast saccharase on cane sugar is illustrated as follows: 

Cane sugar -j- saccharase = [Cane-sugar • saocharase] ~ Glucose -f- fructose -f 
saccharase. 

The speed of such a hydrolytic process is then dependent upon (1) the speed 
of formation and (2) the speed of decomposition of the [cane-sugar • saccharase] 
complex. The law of mass action holds for both stages. 
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Euler has postulated the eadstence of carbonyl groups in the intestinal pepti- 
dases (e.g, erepsin) as the enzyme activity is prevent^ by aldehyde reagents 
such as aniline and phenylhydrazine, probably because of blockage of the active 
group which combines with the substrate (Z. physiol. Chem. 162, 85). 

Enzymatic Syntheses.— Detailed study of enzyme hydrolysis 
shows that the hydrolysis does not proceed to completion, but an 
equilibrium is established. The predicted property of enzymes to 
work synthetically (van ’t HofE) has been widely confirmed. In- 
vestigations have largely been carried out in the realm of the di- 
saccharides (Bourquelot, Pringsheim). 


Enzymatically Synthesized Disacckaridea 


Emym. 

Sihstrate. 

DurcAion of 
action. 

Product of 
synthesis. 

References. 

Yeast maltase 

Glucose 

Several 

months 

^oMaltose and 
dextrins 

C. 1898, n. 632 : 
Ber. 34, 600 

Purified yeast 
maltase 

40% Glucose 
6"1) 

1 month 37° 

Maltose 

Ber. 57 , 1576 

Kefir lactase 

Galactose + 
glucose 

5% Glucose 

15 days 

'to'oLactose 

Ber. 35, 3144 

Emulsin . 

1 month 

Gentiobioso 

Compt. rend. 

157 , 732 
Compt. rend. 
168 , 1016 

Emulsin . . 

50% Glucose 

1 month 

Cellobiose 

Emulsin . 

Galactose 

5 months 

Galactobioses A 
and B 

Compt, rend. 
164 , 443 


Tho union of glucose and fructose to cane sugar has not yet been achieved. 
In addition to the above syntheses, syntheses of higher carbohydrates, fats, and 
proteinoid substances have been successfully carried out, Neuberg has brought 
about syntheses involving a C — C link by the carboligase of yeast (Ber. 55, 3636). 
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Individ, ual substances should also he sought under the more general headings : 
in particular 1 derivatives of acids such as esters, amides, nitriles are not indexed 
separately where their description in the text follows imrriedicdely on that of the parent 
substance, and the same applies to oximes and phenylkydrazones of many Iconic 
substances, and to the acetals of many aldehydes. 


Acbconitic acid, 648 
Acediamine, 329 
Acetal, 242 
Acetaldazine, 253 
Acetaldehyde, 236 

dimethyl acetal, 242 

Acetaldehydedisulphonic acid, 399 
Acetaldehyde peroxide, 241 

phenylhydrazone, 253 

semicarbazonc, 503 

Acetaldoxime, 251 
Acetal glycerol, 587 
Acetalmalonic ester, 616 
Acetalmethylmalonio ester, 610 
Acetals, 241 
Acetamide, 323 
Acetamidine, 829 
Acetaminoacetic acid. 442 
Acetic acid, 300 

esters, 313 

salts, 302 

anhydride, 319 

Acetimido-ethyl ether, 328 
Acetiniido-thiophenyl ether, 328 
Acetoacetic acid, 466 

amide, 475 ; nitrile, 475 

ester, 473 

cyanohydrin, 611 

semicarbazone, 504 

Acetoaconitic ester, 667 
Acetoaorylic acid, 481 
Acetobenzalhydrazine, 324 
Acetobroraoarabinose, 674 
Acetobromogalactose, 697 
Acetobromoglucose, 695 
Acetobutyl alcohol, 395 
Acetobutyric acid, 479, 480 
Acetochloroarabinose, 674 
Acetochlorogalactose, 697 
Acetochlorogluoose, 695 
Acetocitric trimethyl ester, 660 
Acetoethyl alcohol, 394 
Acetoglutanc ester, 624 
Acetognanamine, 531 
Acctohydrazide, 324 
Acetohydroxamic acid, 329 
oxime, 330 

Acetohydroximic acid chloride, 329 
Acetoin, 394 

Ac^ctomethylglutacouic acid, 626 
Acetone, 263 

alcohol, 393 

Acetonecarboxylic acid, 466 
Acetone chloride, 266 

chloroform, 418 

cyanohydrin, 433 

Acetoiiediacctic acid, 625 
Acetonedicarboxylic acid, 623 
Acetone diethyl acetal, 266 

sulphone, 267 

dimethyl acetal, 266 

Acctonedioxalic ester, 677 


Acetonedipropionic acid, 625 
Acetonedipyroracemic acid, 626 
Acetone ethyl mercaptole, 267 

glycerol, 587 

hydrazone, 269 

j>-nitrophenylhydrazone, 269 

Acetoneoxalic ester, 602 
Acetone peroxides, 265 

rhamnose, 675 

semicarbazone, 269, 503 

Acetonetricarboxylic estk, 667 
Acetonetrisulpbonic acid, 591 
Acetonitrile, 327 
Acetonitrogalactose, 697 
Acetonitroso'oxime, 330 
Acetonylacetoaoetic ester, 603 
Acetonylacetone, 405 

dioxime, 408 

diphenylhydrazone, 409 

Acetonylacetonedioxalic ester, 719 
Acetonylacetylacetone, 593 
Acetonyllsevulinic acid, €03 
Acetonyltrimethylammonium chloride, 397 
Acetopropionic acid, 477 

aldol, 391 

Acetopropyl alcohol, 395 
Acetosuccinic ester, 622 
Acetotricarballylic ester, 667 
Acetoxime, 268 
Acetoximic acid, 407 
Acetoxyacetic acid, 421 
Acetoxyacetonitrile, 432 
Acetoxyacetylbutyilc ester, 600 
Acetoxycrotonic ester, 475 
Acetoxyglutaric anhydride, 614 
Acetoxyloxamide, 540 
Acetoxymaleic anhydride, 620 
Acetoxymesityl oxide, 396 
Acetoxypropionaldehyde, 390 
Acetoxypropionic acid, 421 
Acetoxyvalerolactone, 478 
Aceturlc acid, 442 
Acetylacetoacetic acid, 603 

ester, 475, 602 

Acetylacetone, 403 
Acetylacetoneamine, 397 
Acetylacetone chloral, 652 
Acetylacetonediethylamines, 397 
Acetylacetone dioxime, 408 
Acetylacetoneethylamines, 397 
Acetyl arsenite, 317 

bromide, 316 

Acetylisobntyric acid, 479 
Acetylbutyryl, 402 
Acetyh’sobutyryl, 402 
Acetylbutyrylmethane, 404 
Acetylisobutyrylmethane, 404 
Acetylcaproyl, 402 
Acetylii'ocaproyl, 402 
Acetylcaproylmethane, 404 
Acetylcarbinol, 393 
Acetylcellulose, 736 
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Acetyl chloride, 316 
Acetylcholine, 380 
Acetyl chromate, 317 

cyanide, 464 

Acetylcyanoacetic ester, 619 
Acetyldklnrlc acid, 632 
Acetyldiketoadipic-carboxylic acid, 719 
Acetyidimethylacetoacetic methyl ester, 603 
Acetyldimethylcarbiuoi, 394 
Acetyl disulphide, 320 
Acetyldithiourethanes, 507 
Acetylene, 108 

alcohols, 152 

carboxylic acids, 350 

Acetylenedialdehyde diacetal, 400 
Acetylenedicarboxylic acid, 578 
Acetylenediurea, 498 
Acetylene homologues, 111 

metallic derivatives, 110 

Acetylenes, 108 
Acetylene tetrabromide, 122 
Acetylethylcarbinol, 394 
Acetyl fluoride, 316 
Acetylglutanc acid, 625 
AcetylglycocoU, 442 
Acetylglycolhc acid, 421 
Acetylglyoxylic acid, 601 
Acetyl groups. Estimation of, 11 
Acetylhexanedione, 593 
Acetyihydantoin, 499 
Acetyl hydroperoxide, 319 

iodide. 316 

Acetyllactic acid, 421 
Acetyllfflvuliuic acid, 478 
Acetylmalic acid, 607 
Acetylmalonic acid, 619 
Acetylmethylcarbinol, 394 
Acetylmethylurea, 498 
Acetylmethyljjseurfourea, 503 
Acetyl nitrite, 317 
Acetyl oenanthylidene, 276 
Acetylpropionyl, 402 

osazone, 409 

phenylhydrazone, 409 

Acetylpropionylmethane, 404 
Aeetylpyroracemic chloralide, 602 
Acetylpyroraremic ester, 602 
Acetyl sulphide, 820 
Acetylsulphuric acid, 317 
Acetylthiocarbaniic methyl ester, 506 
Acetyl thiocarbiraide, 528 
Acetylp«e«<fothiourea, 510 
Acetyltrichlorophenomalic acid, 481 
Acetyluramil, 632 
Acetyiurea, 498 
Acetylurethane, 491 
Acetyh’&ovalcryl, 402 
Aehroodextrm, 733 
Acl-acetoaceti<‘ aldehyde, 306 
Acid amides, 321 

anhydrides, 317 

azides, 324 

bromides, 315 

chlorides, 315 

fluorides, 316 

halides, 314 

hydrazides, 324 

iodides, 316 

Aci-formyl acetone, 300 
Aconic acid, 616 
Aconitic acid, 648 
isoAcanitic ethyl ester, 64S 
Acraldehyde, 253 
Acritol, 680 
Acrolein, 253 

acetal, 254 

Acrolcln-amniouia, 234 
Acrolein cyanohydrin, 452 
Acrolem-glycerol, 587 
Acrose, 589, 699 
Acrylic acid, 342 

Active hydrogen. Estimation of, 11 
Acyl cyanides, 464 
Acylguanidln^ 513 
Acly peraaddes, 319 


Adenine, 641, 643 
Adipic acid, 561 

dialdehyde, 400 

Adonitol, 671 

diacetone, 671 

diformacetal, 671 

Jiltiophyllin, 762 
Jitioporphyrin, 751 
Agar-agar, 736 
Agmatine, 513 
Alacreatinine, 614 
Alanine, 443 

^•Alanine, 448 * 

Alanylalanine, 447 
Alanylglycine, 447 
Albumins, 745 
Alcoholates, 144 
Alcoholic fermentation, 139 

Mechanism of, 140 

Alcohols, Formation of, 129 
Alcohol-soluble proteins, 745 
Aldehyde acids, 456 

alcoholates, 241 

Aldehyde-ammonia, 249 
Aldehyde-ammonias, 248 
Aldehyde-bisulphites, 244 
Aldehyde cyanohydrin, 432 

cyanohydrins, 432 

Aldehyde-hydrazine, 263 
Aldehyde peroxides, 241 
Aldehydes, 225 
Aldehyde sulphoxylates, 244 
Aldehydogalactomc acid, 716 
Aldehydoketone carboxylic acids, 600 
Aldobutyric acid, 457 
Aldohexoses, 691 

Aldohexoses, Space-isomerism, 704 
Aldoketens, 270 
Aldol, 390 

■ condensation, 390 

Aldopentoses, 672 

Aldopropionic acid, 456 

Aldoses, 682 

Aldovaleric acid, 457 

AJdoximes, 250 

Aliphatic substances, 87 

Alkamines, 379 

Alkarsine, 210 

Alkeines, 379 

Alkines, 108 

Alkyladipic acids, 561 

Alkylaminoacetals, 392 

Alkylammonium derivatives, 187 

Alkylbutanetetracarboxylic esters, 668 

Alkyl carbimides, 519 

Alkylcarboxylglutaric esters, 647 

Alkylcyanamides, 629 

Alkyl is^ocyanates, 519 

cyanides, 324 

diazoimides, 204 

disulphides, 173 

dithiocarbamic acids, 506 

Alkylene diamines, 382 

oxides, 367 

Alkylenes, 101 
Alkyl d-glucosides, 694 
Alkylglutaric acids, 558 
Alkylguanidines, 612 
Alkyl halides, 160 
Alkylhydantoins, 500 
Alkylhydrazines, 202 
Alkyl hydrosulphides, 170 
Alkylhydroxylamines, 204 
Alkylmalonic acids, 545 
Alkyl melamines, 530 
Alkylmethanetricarboxylic esters, 646 
Alkyl peroxides, 158 
Alfcylphosphine oxides, 208 
Alkylphosphinic acids, 208 
Alkylphosphouic acids, 208 
Alkylphosi)honium conipouutls, 206 
Alkyl seiuicarbazides, 504 
Alkylsuiphamides, 200 
Alkyl sulphides, 172 
— sulphiiiic acids, 177 
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Alkylsulphochlorophosphines, 208 
Alkylthiocarbamic eaters, 506 
Alkylthiocarbaniidea, 509 
Alkyl thlocarbiinides, 526 
Alkylthionuric acids, 632 
Alkyl thioaulphonic acids, 177 

thiosulphuric acids, 176 

Alkyluramils, 632 
Alkyl ureas, 497 

urethanes, 491 

Alkylxanthines, 645 
Allantoic acid, 627 
Allantoin, 627 
Allanturic acid, 627 
Allelotropy, 48 
AUene, 114 
Allocrotonic acid, 344 
Alloisomerism, 41 
Allomucic acid, 719 
Allophanamide, 502 
Allophanic acid^ 501 
Alloxan, 683 
Alloxanic acid, 634 
Alloxantin, 634 
Allylacetic acid, 347 
Allylacetone, 276 
Allyl alcohol, 150 
Allylamine, 199 
laoAllylaiuine, 199 
Allylcarbiiiol, 151 
Allylcyanamide, 529 
Allyl cyanide, 345 

disulphide, 173 

Allylene, 112 
Allyl ether, 158 

halides, 165 

iodide, 165 

Allylmalonic acid, 564 
Allyl mercaptan, 172 

mustard oil, 527 

Allylsuceinic acid, 577 
Allyl sulphide, 173 
Allylthiocarbamic ethyl ester, 500 
Allylthiocarbaraide, 509 
Allylurea, 497 

Aluminium, Alkyl derivatives of, 216 
Alypin, 588 
Amalie acid, 634 
Ambrettolic acid, 454 
Arabrettolide, 454 
Amidines, 328 
Amido(!hIorides, 327 
Amidoxalylglycololl, 539 
Amidoxiiue oxalic acid, 540 
Amidoxiines, 329 
Amines, 187 
Aminoacetal, 392 
Aminoacetaldehyde, 392 
Aminoacetic acid, 440 
Aminoacetoacetic acid, 599 
Aminoacetone, 397 
Amiiioacetoncdiethyl sulphoue, 397 
Amino-acetonitrile, 441 
Aminoacetylacetone, 591 
Amino-acid chlorides, 437 
Amino acids, 434 
Amino-acids, metabolism, 439 
Aminoadenine, 643 
Aminoadipic acid, 615 
Amino-anilido-oxalic methyl ester, 541 
Aminobarbituric acid, 632 
Aminobiuret, 502 
Aroino-ieri.-butanediol, 588 
Aminobutanol, 381 
Amino-scc.-butylacetic acid, 445 
Aminobutylguanidine, 513 
Aminobutyric acetal, 392 

acid, 448, 449 

Amino-isobutyric acid, 444 
Amino-a-butyric acid, 444 
Aminobutyrosulphonic acid, 597 
Aminobutyryl arainobtttj’xic acid, 448 
Aminocafteine, 644 
Aminocapric acid, 460 
Aminocaproic acids, 444, 450 


Amino-isocaproic acid, 444 
Amino-n-caproic acid, 444 
Amino-caprylic acid, 445 
Aminocrotonic acid nitrile, 475 

ester, 454, 475 

Aminodimethylacrylic ester, 454 
Aminodimethylbutane, 197 
Aminodiraethylbutanol, 381 
Aminodimethylauccinimide, 611 
Aminodithiocyanuric acid, 525 
Arainoethanesulphonic acid, 376 
Ammoethanol, 379 
Amino-ethyl ether, 380 
Aminoethylidenesuccinic ester, 622 
Aminoethyl mercaptan, 382 
Aminoethylvaleric acid, 449 
Amino-fatty acids, 434 
Aminoformic acid, 490 
Aminofumaric ester, 621 
Aminofumarimie ester, 621 
Aminoglucoheptonic acids, 715 
Aminoglucose, 699 
Aminoglutaconic ester, 624 
Aminoglutaconimide, 624 
Aminoglutaramic acid, 614 
Ammoglutaric acid, 613, 614 
Aminoguanidine, 515 
Aminoguanidinovaleric acid, 598 
Aminohydroxy valeric acid, 596 
Amino-n-heptoic acid, 450 
Aminohydaiitoic ester, 504 
Amiuohydantoin, 504 
Aminohydracryiic acid, 595 
Aminohydrocyanuric acid, 531 
Aminohydroxybutyric acid, 596 
Ammo-hydroxy-carboxylic acids, 595 
Aminohydroxyglutaric acid, 614 
Aminohydroxypropionic acid, 595 
Amino-imino-methyl cyanotriazene, 516 
Aminoisethionic acid, 376 
Aminoketones, 397 
Aminolactic acid, 596 
Aminomaleinamic ester, 621 
Aminomalonic acid, 545 
Aminomalonylurea, 632 
Aminomannose, 699 
Amiuomethanesulphonic acid, 250 
Aminomethyladipic acid, 615 
Amiuomethyleneacetoacetic ester, 601 
Aminomethyleneacetylacetone, 592 
Aminomethylethylacetie acid, 444 
Aminomethyll»vuIinlc acid, 600 
Aminoraethylmalonic acid, 646 
Amino-methyl-nitrosilic acid, 517 
Aminomethylvaleric acid, 449 
Amino-n-octoic acid, 450 
Amino-oenanthic acid, 445 
Aininooxazoline, 503 
Aminooxypuriae, 642 
Aminooxypyximidine, 628 
Amino-palmitic acid, 445 
Aminoparaldimine, 249 
Aminopentadienoic acid lactam, 454 
Aminopentanol, 381 
Aminopimelic acid, 615 
Aminopropanediol, 588 
Aminopropanol, 381 
Aminoproplonaldehyde, 392 
Aminopropionic acid, 443, 448 
Aminopropylvaleric acid, 450 
Ammopurine, 643 
Aminopyrotartaric acid, 611 
Aminosteaxic acid, 445 
Aminoiaosiiccinic acid, 605 
Aminosuccinic acids, 608 
Aminosulphonal, 397 
Aminotalose, 700 

Amino-tetrahydroxycaproic acid, 714 
Aminotetrols, 671 
Aminotetronic acid, 600 
Aminothiolcarboxylic acids, 697 
Aminotriazole, 616 

Aminotrimethylglutaiic acid lactam» 614 
Aminouracil, 630 
I Aminourazole, 605 
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AiiiinO'Valeric acids, 444, 44U 
Amino-fsovalerlc acid, 444, 448 
Amino-wvaleric acid, 440 
Arainovalenc aldehyde, 392 
Aininovalerolactone, 479 
Aminoxyl-acetic acid, 434 
Amiaoxyl-fatty acids, 434 
Ammelide, 530 
Ammeline, 530 
Amyl alcohol, 147 

of fermentation, 147 

Amylammes, 197 
Amylases, 732, 756 
fsoAmyldichloro phosphine, 208 
Amylene, 107 
i^oAmylene, 107 
t’^oAmylene glycol, 363, 364 
Amylene hydrate, 148 
i«oAmyl ether, 158 
Amylglycerol diethylin, 586 
Amyl halides, 165 
/jtoAmylideneacetoiic, 273 
/.wAmylideneglutaric acid, 577 
Ainylmalonic acid, 547 
i«oAmyl nitrate, 166 
mAniyi nitrite, 166 
Amylodextriii, 733 
Amylopectin, 731 
Aniylose, 731 

Ainyloxypropionic acid, 423 
Amylpropiolic acid, 352 

aldehyde, 255 

Amyluin, 731 

Analysis, Elementary orgdiiic, 2 
Angelic acid, 346 

lactone, 453 

Aiiglyceric acid, 594 
Anhydroformaldehyde urethane, 492 
Anhydroglucoses, 696 
Anhydromannose, 699 
Anhydro-nonaheptitol, 681 
Anhydrotaurme, 377 
Anihdopyrotartrolactamic acid, 612 
Anilinoacrolein anil, 399 
Amlinocitraconanil, 621 
AniIinodicarbo^yglutarlc ester, 670 
Anilino-diraethyl-pyrrole, 409 
Anilinonialonic acid, 545 
Anilinomethyleneacetylacetone, 592 
Anilinopyrotartaric acid, 611 
Anthropodesoxycholic acid, 753 
Antiraonious acid, Esters of, 170 
Antimony, Alkyl derivatives of, 212 
Apionic acid, 676 
Aplose, 675 
Arabans, 736 
Arabic acid, 736 
Arabin, 736 
Arabinal, 674 
Arabinamine, 671 
Arabinobromal, 674 
Arabiaochloral, 674 
Arabinodesose, 674 
Arabinosazone, 674 
Arabinose, 674 
•y-Arabinose, 674 

Arabinose-p-bromophenylhydrazone, 674 
Arabinose diacetamide, 674 

diacetone, 674 

mercaptals, 674 

oxime, 674 

semicarbazone, 674 

Arabinosone, 674 
Arabitol, 671 
Arabonic acid, 676 
Arabotrihydroxyglutaric acid, 677 
Arabotrimethoxyglutaric acid, 677 
Arachidic acid, 305, 307 
Arginine, 598 
Aromatic compounds, 87 
Arrhenal, 210 
Arsenic acid, Esters, 170 
Arsenious add, Esters, 170 
Arsenic, Alkyl derivatives of, 209 


Arsenic, Stereochemistry of, 45 
Artificial silk, 736 
Asparacemic acid, 60S 
Asparagine, 609 
Asparagmecarboxylic acid, 067 
Asparagine iraide, 610 
Aspartic acid, 608, 009 

diamide, 610 

Aspartylaspartic acid, 610 
Aspartyldialanine, 610 
Asymmetric carbon atom, 37 

synthesis, 71 

Aticonic acid, 572 

acids, 575 

Auxochromes, 62 
Azelaic acid, 562 
Azenes, 270 
Azidoacetic add, 460 

Azidocarbarnidinc, 516 * 

Azidocarboiiit! amide, 501 

methyl ester, 503 

Azimethyl carbonate, 516 
Azines, 252 
Azinsuccinic ester, 659 
Azo-f<?oi)utyronitnle, 452 
Azodiearbondianldlne, 516 
Azodicarboxylic acid, 504 
Azo-fatty adds, 452 
Azofonuic acid, 504 
Azomethane, 203 
Azotetrazolc, 516 
Azulmic acid, 541 


BakklitB, 234 
Barbitonum, 631 
Barbituric acid, 630 
Barley sugar, 725 
Bassorin, 736 
Batyl alcohol, 586 

Beckmann’s Method for molecular weight deter- 
mination, 17 

Beckmann Transformation, 268 
Beeswax, 814 
Behenic acid, 305, 307 
Behenolic acid, 352 
Behenoxylic acid, 352 
Bender’s salt, 488 
Benzal arabitol, 671 
Benzaldehyde semicarbazone, 503 
Benzalhydrazine carboxylic ester, 503 
Benzoylalanine, 443 
Benzoyl triglycyl glycine, 448 
Benzeneazocyanoacetic ester, 619 
Benzyltetramethylammonium , 198 
Beryllium, Alkyl derivatives of, 218 
Betaine, 380, 442 

aldehyde, 392 

Biguanide, 515 

Bile acids and pigments, 753 

Bilineurine, 379 

Bilirubin, 753 

Bilirubinlc acid, 753 

Bisanhydro-nitro-acctic eater, 433 

Bis-cyanomalonic ester, 720 

Bismuth, Alkyl compounds of, 212 

Bis-trimethylenediiniine, 388 

Biuret, 502 

base, 448 

reaction, 602, 739 

Boiling Point of organic substances, 58 

Boric acid, Esters of, 169 

Boron, Alkyl derivatives of, 216 

Brassicasterol, 755 

Brassidic acid, 350 

Brassylic acid, 563 

Bromal, 240 

acetyl chloride, 244 

alcoholate, 241 

Bromoacetaldehyde, 240 
Bromoacetic add, 335 
Bromoacetoaceiic ester, 476 
Bromoacetone, 265 
Bromoacetyleue, 125 
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Bromoacetylurea, 498 
Broiiioacrylic acid, 342 
Bromo-alkylacetoacetic esters, 470 
Bromoallyi alcohol, 151 
Bromobutylaraine, 381 
Bromoisohatyraldehyde, 390 
Broraobutyric acid, 336 
Bromouobutyric acid, 336 
Bromocaffeine, 644 
Bromocitraconic anhydride, 571 
Bromocrotonic acid, 343, 344 
Bromoiaocrotonic acid, 343, 345 
Bromo-dialkyl acetoacetic esters, 470 
Bronioethane, 164 
Bromoethylamine, 381 
Bromoethyl ether, 244 
Bromoform, 291 
Bromofumaraldehyde, 399 
Bromofumaric acid, 569 
Bromoglntaric acid, 614 

ester, 558 

Bromogaanine, 642 
Bromoimidocarbonic ethyl ester, 502 
Bromolactic acid, 421 
Bromoljevulinic acid, 479 
Bromomaleic acid, 569 
Broniomalic acid, 659 
Bromomalonic acid, 544 

dialdehyde, 591 

Bromomesaconic acid, 572 
Bromomethane, 164 
Bromoniethyl acetate, 244 
Bromomethacrylic acid, 345 
Bromomethyl ether, 243 
Bromonitroacetamide, 433 
Bromonitroethane, 182 
Bromonitroethyl alcohol, 392 
Bromonitroform, 186 
Bromonitromethane, 182 
Bromonitropropane, 182 
Bromoidtropropanediol, 590 
Bromonitro isopropyl alcohol, 392 
Bromonitrosobutane, 183 
Bromonitrosopropane, 183 
Bromooleic acid, 349 
Bromopicrin, 485 
Broraopropane, 164 
Broniopropionic acid, 335 
Bromopropylamine, 381 
Bromopyrotartaric acid, 555 
Bromopyruveide, 500 
Bromosuccinic acid, 655 
Bromoisosucciiiic acid, 546 
Bromotetronic acid, 599 
Bromotriaoetonamine, 274 
Bromotrinitromethane, 186 
Bunte's salt, 176 
Butadiene, 114, 116 
Butadleiiecarboxylic acid, 353 
Butanal, 238 
Butane, 97 
isoButane, 97 

isoButanecarbodithioic acid, 320 
Butanediial, $99 

Butanedicarboxylic-acetic acid, 648 
Butanediol, 364 

Butaneheptacarboxylic ester, 720 
Butanepentacarboxylic ester, 678 
Butanetetracarboxylic acid, 669 


Butanetricarboxylic acid, 647 
ester, 646 

vsoButanetrlcarboxylic ester, 646 
Butanetriol, 582 
Butanol, 146 

acid, 423 

diacid, 605 

Butanollde, 427 
Butanolone, 394 
Butanone acid, 466 

diacid, 619 

Butene lactone, 453 
Butenetetracarboxylic ester, 670 
Butenetricarboxylic acid, 648 
Butenoic acids, 343 


Butenol, 151 
Butlnenediol, 366 
isoButylacetamide, 324 
isoButylacetic acid, 305 
sec.-Butylacetic acid, 305 
isoButylacetonitrile, 327 
Butylacetylenecarboxylic acid, 352 
teri.-ButyIacetylenecarboxyIic acid, 352 
Butyl alcohol, 146 
isoButyl alcohol, 146 
Butyl alcohol of fermentation, 146 
Butyiamines, 196 
tsoButylaticonic acid, 575 
Butylbutyrolactone, 428 
isoButylcarbinol, 147 
fert.-ButylcarbinoI, 147 
Butyl chloral, 240 
Butylchloralacetal, 242 
isoButylcitraconic acid, 573 
Butyl isocyanide, 294 
Butylene, 107 

glycol, 363, 364 

tsoButylene glycol, 363 

chlorohydrin, 370 

Butylene hydrate, 146 
oxide, 368 

Butylene-pentacarboxylic ester, 678 
Butylene sulphide, 173 
«crf.-Butylethylene, 107 
Butylfumaric acid, 574 
Butylglyceric acid, 594 
isoButylglycerol diethyliii, 586 
/!crf.-ButyIglyoxime, 407 
Butyl halides, 163 
fsoButylhydantoic add, 500 
isoButylhydantoin, 500 
isoButylideneacetone, 273 
isoButylitaconic acid, 573 
i)i-«ert.-Butyl ketone, 265 
ifioButylmalonic acid, 546 
n-Butylmalonic acid, 546 
sec.-Butylmalonic acid, 546 
«-Butyl mercaptan, 172 
fsoButylmesaconic acid, 574 
isoButyl nitrate, 166 
Butyl nitrite, 166 
Butylpseiidonitrole, 184 
isoButyl orthocarbonate, 484 
isoButylphosphine, 207 
fsoButylpyroracemic acid, 464 
Butyl selenomercaptan, 177 
isoButylsuccinic acid, 549 
Butyl sulphide, 172 
n-Butyl sulphide, 172 
tsoButyltetronic acid, 600 
isoButylvinyl ketone, 273 
isoButyraldazine, 253 
isoButyraldehyde, 238 
n-Butyraldehyde, 238 
iaoButyraldoxime, 251 
Butyraniide, 324 
isoButyramide, 324 
isoButyric acid, 303, 304 
n-Butyric acid, 303, 304 
Butyric acid esters, 314 
isoButyric acid esters, 314 
Butyric anhydride, 319 
isoButyric anhydride, 310 
Butyric fermentation, 689 
isoButyric isovaleric aldol, 391 
Butyrobutyric acid, 480 
Butyroin, 394 
isoButyroin, 394 
Butyrolactone, 427 
Butyrolactonecarboxylic acid, 605 
Butyrone, 264 
isoButyrone oxime, 268 
n-Butyrone oxime, 268 
isoButyronitrile, 327 
Butyrylacetic ester, 474 
Butyrylacetoacetic ester, 603 

methyl ester, 475, 603 

Butyrylbutyric ester, 474 
But^ylisobutyilc ester, 474 
isoButyrylisobutyric ester, 474 
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Butyryl isobutyrylacetic ester, 603 

chloride, 317 

?.soButyryl chloride, 317 
Butyryl cyanide, 465 
uoButjTyl cyanide, 465 
Butyrylformic acid, 464 
ButsTylfdutaric acid, 625 
taoButyrylglutaric acid, 625 
Biityrylpyroracemic ester, 602 
tfioButyrylpyroracemic ester, 602 
*soButyrylurea, 500 


Cacodyl, 211 

chloride, 211 

cyanide, 211 

disulphide, 211 

hydride, 211 

Cacodylic acid, 211 
Cacodyl oxide, 210 

sulphide, 211 

Cadaverine, 385 

Cadmium, Alkyl derivatives of, 222 

methyl, 222 

Caffeine, 644 

diazo-bodies, 644 

Calciferol, 756 

Calcium, Alkyl derivatives of, 223 

carbide, 110 

ethyl iodide, 223 

Camphoronic acid, 647 
Cane sugar, 724 
Capnc acid, 305, 306 

aldehyde, 238 

esters, 314 

Caprinamide, 324 
Capriiione, 264 
Caproic acid, 305, 306 
n-Caproic aldehyde, 238 
«-Caproic anhydride, 310 
Caprolactam, 451 
Caprolactone, 427, 428 
Caprolactone-carboxylic acid, 615 
Capronainide, 324 
n-Caprone, 264 
Capronoin, 394 

rtci-iso-Caproylacetaldehydc, 396 
Caproyl ?#obutyrie add, 479 
«-Caproyl chloride, 317 
n-Caprylainide, 324 
Caprylic acid, 305, 306 

ketoxime, 268 

Captylone, 264 
Capryloiiitnle, 327 
Caramel, 725 
Carbamic acid, 490 

acid azide, 504 

acid chlorides, 493 

esters, 491 

hydrazide, 503 

Carbamide, 494 

imidazide, 516 

Oarbamidojsobutyrii* acid, 500 
Carbaiuido-ethyl alcohol, 407 
Carbamidohydrazoacetic ester, 504 
(''arbamidonialonylurea, 632 
Carbamidoxime, 505 
t^arbamyl chloride, 493 

cyanide, 502 

Carb!un> Iglycollu! ester, 491 
Carbamyllactic ester, 491 

(.'arlmmylthiocarbamylhydraziiic, 511 
farbazide, 504 
Carbethoxalyeine, 492 
C'arbethoxyacetoaeetic ester, 475 
Carbcthoxyalanine, 492 
Carbethoxyglyccrol carbonate, 584 
Carbethoxyglycylglycine ester, 492 
CarlMSthoxyhydroxycrotonic ester, 475 
Carbethoxyl i^focyaiiate, 520 

thiocarbimide, 528 

(Jarlwthoxyoxaloacetic ester, 666 
Carbinol, 186 
Carbodiazide, 504 
Carbodiimide, 528 


Carbodithioic acids, 320 
Carbohydrates, 721 
Carbohydrazide, 504 
Carbohydrazidine, 541 
Carboligases, 766 

Carbomethoxyaininopropioiiic ester, 553 
Carbomethoxyglycine, 492 
Carbon dioxide, 482 

disulphide, 487 

Carbondithloic acid, 489 
Carboii-dlthiolic acid, 488 
Carbonic acid amides, 490 

acid esters, 483 

acid, sulphur derivatives, 487 

Carbon monosulphide, 293 

monoxide, 292 

Carbon-monoxide-haemoglobin, 748 
Carbon oxychloride, 486 

oxysulphide, 487 

suboxide, 543 

tetrabromide, 485 

tetrachloride, 484 

tetrafluorlde, 484 

tetraiodide, 485 

Carbonthionic acid, 488 
Carbonyl bromide, 486 

chloride, 486 

Carbonyldiacrylic acid, 626 

Carbonyldimethacrylic acid, 626 

Carbonyldimethylurca, 502 

Garbonyldiurea, 502 

Carbonyldiurethane, 502 

Carbonylenes, 270 

Carbonyl fluoride, 486 

Carbotetrinic ester, 661 

Carbothiacetonine, 509 

Carbothialdine, 507 

C'arlwthiolic acids, 319 

Carbothionic acids, 319 

Carbovalerolactamie acid nitrile, 614 

Carbovalerolactomc acid, 605, 614 

Carboxyl group, Stmeture of. 277 

Carboxysuceinio ester, 646 

Carbylamines, 293 

Carbyloxime, 294 

Carbyl sulphate, 377 

Carnauba wax, 314 

Cariiine, 645 

Cariiosine, 448 

Carotene, 752 

Carotinoids, 752 

Caruhin, 733 

Casein, 747 

Caseinogen, 747 

Carbon, Combination of, witli other elements, 84 

Determination of, 2 

Microestimation of, 7 

Carotene, 118 
Cellobial, 728 
Cellobiose, 728 
Cellojsobiose, 728 
Cellobiosidoglucose, 730 
Cellulases, 734 
Celluloid, 736 
Cellulose, 734 

constitution, 735 

Cellulose dextrin, 735 

formate, 736 

nitrates, 735 

Cephalins, 586 
Ceresine, 101 

Cerotic acid, 305, 307, 314 
Ceryl alcohol, 149 
Cetoleic acid, 350 
Cetyl alcohol, 149 

cyanide, 327 

ether, 158 

halides, 163 

Cetylmalonic acid, 547 
Cetyl sulphide, 172 
Chelidonic ester, 677 
Chemical-Radical theory, 21 
Cherry gum, 736 
! Ohimyl alcohol, 586 
Chinese wax, 149, 314 
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Chinovoae, 676 
ChStaric acid, 714 
Chitin, 699, 737 
Chitonic acid, 714 
Chitopyrrole, 737 
Chitosamine, 699 
Chitose, 699 
Chloral, 238 
Chloralacetamide, 323 
Chloralacetone, 394 
Chloral acetyl chloride, 244 

alcoholate, 241 

aldol, 589 

Ohloral'ammonla, 249 
Chloral cyanohydrin, 433 

diacetate, 244 

ethyl acetate, 244 

hydrate, 239 

hydroxylaraine, 251 

Chloralide, 421 
Chloralimides, 250 
Chloralose, 696 
Chloraloxime, 251 
Chloralurethane, 492 
Chloretone, 418 
Chloroacetic acid, 334 
Chloroacetoacetic ester, 476 
Ohloroacetone, 265 
Chloroacetylcarbinol, 590 
Chloroacetylcyanoacetic esters, 661 
Chloroacetylene, 124, 352 
Chloroacetylurea, 498 
Chloroacrylic acid, 342 
Chioroallyl alcohol, 151 
Chloroamylamine, 381 
Chlorobromomaleic acid, 570 
CJhIorobutylamine, 381 
Chlorobutyraldehyde, 240 
Chlorobutyric acid, 336 
ChlorocafFeine, 644 
Chlorocarbonic esters, 485 
Chlorocitramalic acid, 659, 660 
Ohlorocrotonic acid, 343, 344 
ChloroiMcrotonic acid, 343, 345 
Chlorodiethoxyacrylic ester, 481 
Chlorodithiocarbonic ethyl ester, 490 
Chloroethane, 164 
Cbloroethanesulphonic acid, 376 
Chloroethyl acetate, 244, 373 
Chloroethylamine, 381 
Chloroethyldlmethylamine, 381 
Chloroethyl ether, 157, 243 
Chloroethyl imidoformyl cyanide, 540 
Chloroethyl propionate, 244 
Chloroform, 290 
Chloroforraamide, 493 
Chloroformic esters, 485 
Chlorofumaric acid, 569 
Chloroglutaconic acid, 576 
Chloroglutaric acid, 558, 614 
Chloroguanine, 642 
Chloroheptylamine, 382 
Chlorohexylamine, 382 
Chlorohydroxyi«obntyric nitrile, 433 
Chlorohydroxyproplonacetal, 689 
Chlorohydroxysucclnic acid, 659 
Cfaloroimidocarbonic ethyl ester, 502 
Chioioiodoacrylic acid, 342 
Chloioiodofamaric acid, 570 
Chloroiodomethanesnlphonic acid, 176 
Chlorolaotic acid, 421 
Chloromaleic acid, 569 
Chloromalic acid, 659 
Chloromalonic acid, 544 
Obloromalomc dialdehyde, 591 
Cbloromethane, 164 
Chloromethyl acetate, 244 

ether, 243 

ethyl ether, 243 

propyl ether, 243 

Chloronitrobutanol, 897 
Chloronitroethane, 182 
Chloronitrofonn, 186 
Chloionitromethane, 182 
Chloxonitropropane, 182 


Chloronitropropanol, 397 
Chlorozsonitrosoacetone, 465 
Chloronitrosoethane, 183 
Chloronitrosopropane, 183 
Chlorophenylhydrazido-acetic ester, 542 
Chlorophyll, 752 
Chlorophyllin, 752 
Chloropicrin, 485 
Chloropropanol, 370 
ChloropropioUc acid, 351 
Chloropropionic acid, 335 
Chloropropionic aldehyde, 240 
Chioropropyl alcohol, 370 
Chloropropyldimethylamine, 381 
Chlorosuccinic acid, 555 
Chlorosulphlnic esters, 169 
Chlorosulphonic esters, 168 
Chlorotheophylline, 644 
Chlorotrinitromethane, 188 
Chlorovalerolactone, 479 
Chloroxethose, 158 
Chloroximido-acetic ester, 542 
Cholamine, 379 
psettdtoCholestane, 755 
Cholesterol, 764 
Cholestrophane, 629 
Cholic acid, 753 
Choline, 379 
tsoCholine, 380 

Chondroitinsulphuric acid, 738 
Chondroproteins, 747 
Chondrosamine, 700 
Chromogens, 62 
Chromoisomerism, 52 
Chromophores, 61 
Chromoproteins, 748 
Chrysean, 541 
Cinchonic acid, 666 
Cineolic acid, 661 
CiS'trans isomerism, 41 
Citracetic acid, 648 
Citrachloropyrotartaric acid, 555 
Citradibromopyrotartarlc acid, 557 
Citraconeins, 571 
Citraconic acid, 571 
Citramalic acid, 611 
Citrazinic acid, 648 
Citric acid, 664 
zso0tric acid, 666 
Citronellal, 255 
Clupanodonic acid, 355 
Clupein, 744 
Collagen, 745 
Collodion, 736 

Colour of organic substances, 61 
Compound radicals, 21 
Conjugated proteins, 746 
Conjugated systems, 28 
Co-ordinate covalency, 31 
Coproporphyrin, 750 
Coprostaue, 755 
Coprosterol, 755 
Coumalic acid, 616 
Coumalin, 454 
Creatine, 513 
Creatinine, 514 
Creatinoi, 514 
Orotolactone, 453 
Crotonaldehyde, 254 
Crotonic acid, 343, 344 
isoCrotonic amd, 343, 344 
Ctotonyl alcohol, 151 
Crotonylene, 112 
Ctorptopyirole, 750 
Cryptopyrrolecarboxylic acid, 750 
Crystalline form, 54 
Cyamelide, 518 
Cyanamide, 528 

carboxylic acid, 501 % 

Cyanamidodithiocarbonic acid, 525 
Cyanethenylamid oxime, 544 
Cyanic add, 517 
tjrcCyanic acid esters, 519 
isoCyanides, 293 
iscCyanilic acid, 294 
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Cyaniinidocarbouic acid ether, 540 
Oyanimidodicarboxylic ester, 502 
Cyaniininoacetoacetic ester, 663 
Cyamminoinethylacetylacetone, 403 
Cyauoacetic acid, 544 
Cyanoacetoacetic ester, 619, 624 
Cyanoacetone, 475 
Cyanoacetonedicarboxylic ester, 667 
Cyanoacetylene, 351 
Cyanoaconitic ester, 670 
Cyanocarbamic acid, 501 
Cyanocaibonic esters, 540 
Cyanodimethylacetoacetic ester, 624 
Cyanodimethyiaconitic ester, 670 
Cyanodimethylamine, 629 
Cyanofonn, 646 
Cyanoformic esters, 640 
Cyanogen, 540 

bromide, 522 

chloride, 622 

iodide, 523 

sulphide, 525 

j^^eudoCyanogen sulphide, 525 
Cyanoglutaxic ester, 647 
Cyanoguanidine, 515 
Cyanohydrins, 432 

Cyanolminomethylacetylacetone, 652 
Cyanoirainoisosuccinic ester, 6(57 
Cyanoketopyirolidone, 661 
Cyanomalonic ester, 646 
Cyanomethaxonic acid, 433 
Cyanoisonitroso-acetamide, 290 
Cyanooxaloacetic ester, 667 
Cyanooximinobutync acid, 623 
Cyanopropionic ester, 646 
Cyanoisopropylglutaric ester, 647 
Cyanorthoformic ester, 540 
isoCyanotetrabromide, 516 
Cyanothioforraamide, 541 
Cyanourea, 502 
i^oCyanoxide, 516 
Cyanuramide, 530 
Cyanuramine chlorides, 531 
Cyanuramine dichloride, 531 
Oyanuric acid, 520 

amides, 530 

taoCyanuric acid esters, 521 
Cyanuric bromide, 523 

chloride, 523 

esters, 521 

iodide, 523 

triacetate, 522 

tricarbonic ester, 522 

triurea, 522 

Cyanurodiamine monochloride, 531 
Cyclic compounds, 87 

imines, 385 

Cysteine, 697 
'/soCysteme, 597 
Cysteiiiic acid, 597 
iifoCysteinic ai id, 597 
Cystine, 597 
/eaCybtine, 597 
Cytosine, 628 


Decamethylenediamine, 385 
Decamethylenediguaiiidine, 513 
Decamethylene glycol, 30r> 
Decane, 98 

Deoanedicarboxylic acid, 563 
Decanediol, 365 
Deeanetetraoiie, 651 
Decarboxylases, 756 
Deceiioic acid, 348 
Decenylglycerol dimethylin, ,586 
«-Deeoie acid, 305, 306 
Decoylacetic ester, 474 
Dehydracetic acid, 653 
isoDehydracetic acid, 620 
Dehydraceticcarboxylic acid, 623 
Dehydrocholic acid, 754 
Dehydrowmcic acid, 718 
Denaturatioji of proteins, 740 
Density of organic substances, 55 


Desinotropy, 48 
Desoxalic acid, 678 
Desoxyarabinose, 674 
Desoxycholic acid, 753 
Desoxyfulminuric acid, 296 
Desoxyglucose, 696 
Desoxyheteroxanthine, 643 
Desoxyribose, 651 
Desoxytheobromine, 643 
Desoxyveronal, 631 
Deuteroporphyrin, 750 
Dextrin, 733 
Dextrose, 692 
Diacetalylamine, 392 
Diacetamide, 824 
Dlacetoadipic acid, 664 
Diacetoisobutyrlc ester, 603 
Diacetobutyric methyl ester, 003 
Diacetoglutaric acid, 664 
Diacetohydrazine, 324 
Diacetonamine, 274 
Diacetone alcohol, 395 

alkamine, 381 

arabitol, 671 

dulcitol, 681 

Diacetonefructose, 698 
Diacetonegalactose, 697 
Diacetone hydroxylamine, 275 
Diacetonemannose, 692 
Diacetone peroxide, 265 
Diacetopropionic ester, 603 
Diacetosuccmic acid, 663 
Diacetoxymalonic ester, 618 
Diacetyl, 402 

osazone, 409 

osotetrazone, 409 

osotriazone, 409 

phenylhydrazone, 409 

semicarbazone, 408 

Diacetylacetic ester, 602 
Diacetylacetoacetic acid, 653 
Diacetylacetone, 593 
Diacetyl acetylhydrazone, 408 
Diaeetyl broraoglycurolactone, 710 
Diacetylbutane, 405 
Diacetylcreatine, 514 
Diaeetyl cyanide, 464 
Diacetyldiketoadipic acid, 719 
Diacetyldioxime, 407 
Diacetylenedicarboxylic acid, 578 
Diacetylene, 117 
Diacetylethane, 405 
Diacetylethylenediainine, 384 
Diaeetyl orthonitric acid, 317 
Diacetylpentane, 406 

dioxime, 408 

Diaeetyl peroxide, 319 
Diacetylpyroracemic acid, 652 
Diacetylracemic dimethyl ester, 656 
Diacetyltartarlc dimethyl ester, 058 
Diacetylurea, 498 
Dialdan, 390 
Dialdehyde ketones, 592 
Dialdehydes, 398 

Hydrazine, Phenylhydraziiip and Semi- 

carbazide derivatives, 408 
oximes, 400 

Dialkylamiuochlorophosphines, 200 
Dialkylcyanamides, 529 
Dtalkylhydantoins, 500 
Dialkyihydroxyglutaric aci(is, 614 
Dialkyinitramines, 202 
Diaikylsuccinic acids, 549 
Diallyl, 117 
Diallylacetic acid, 354 
Diallylacetone, 276 
Diallylbutyrolactone, 454 
Diallylcarbinol, 152 
Diallylethylcarbinol, 153 
Diallylinalonic acid, 677 
Diallylmethylcai-biuol, 1 52 
Diallyipropylearbinol, 153 
Dlaiiylthiocarbamide, 509 
Diallyl urea, 497 
Dialuraniide, 032 
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Dialuric acid, C31 
Diaminoacetic acid, 457 
Biaminoacetone, 590 
Diaminoadipic acid, 660 . 

Biaminoazelaio acid, 660 
Biaminobutane, 384 
Biaminobutyric acid, 597, 598 
Biaminocaproic acid, 598 •* 

Biaminodiacetylvaleric ester, 719 
Biamlnodiethyl sulphide, 382 
Blaminoethyl ether, 380 
Biaminoguanidlne, 517 
Biamlnohexane, 385 
Biamiuomalonamide, 618 
Biaminomethylbutane, 385 
Biaminomethylpentane, 384, 885 
Biaminomonocarboxylic acids, 597 
BiaminO’iionane, 385 
Biamino-octane, 385 
Biaminopentane, 385 
Biamino-propanol, 588 
Biaminopropionic acid, 597 
Biaminopropylputrescine, 384 
Biaminosebacic acid, 660 
Biaminosuberic acid, 660 
Biamlnosuccinic acid, 659 
Biaminosulphonal, 382 
Biaminovaleric acid, 598 
Biiioamylarsenic acid, 212 
Biisoamylarsine, 212 
Biisaamylarsine chloride, 211 
Biamylcyanamide, 529 
Biifioamylene oxide, 368 
Biamylethylene glycol, 363 
Bimamylphosphine, 207 
Bi-i«oamyl sulphate, 167 
Bianilinomalonic ester, 618 
Bianilinonitropropane, 588 
Bianilido-oxahc ether, 541 
Bianilinopropanol, 588 
Bianilinosuccinic ester, 659 
Blastase, 726 
Biastases, 732 

Biazoacetylglycine ester, 458 
Biazoacetic acid, 458 
iSoBiazoacetic bster, 458 
Biazoacetoacetic ester, 599 
Biazoaminomethane, 204 
Biazoaminoparafnns, 204 
Blazobutyric ester, 465 
Biazocaffeine, 644 
Biazoisocaproic ester, 465 
Biazoethane, 252 
Biazoguanidine cyanide, 516 
Biazomethane, 251 

Biazomethanedisulphoiiic acid, potassium salt, 511 

Biazoparaffins, 251 

Biazopropiouic ester, 465 

Biazosuccinamic methyl ester, 022 

Biazosuccinic ester, 622 

Biazotetronic anhydride, 600 

Bibarbiturylmethylamiiie, 632 

Bibasic acids, 532 

Bibenzal carbuhydrazidlne, 542 

Bibeuzaldiaminoguanidiue, 517 

Bibenzal dulcitol, 681 

Bibromoacetaldehyde, 240 

Bibromoacetic acid, 335 

Bibromoacetoacetic ester, 476 

Bibromoacetone, 400 

Bibromoacetylacrylic acid, 481 

Bibromoacetylene, 125 

Bibromoacrylic acid, 342 

Bibromoadipic acids, 660 

Bibromo-alkyl acetoacetic esters, 476 

Bibromobarbituric acid, 634 

Bibromobutane, 266, 372 

Bibromobutene lactone, 453 

Bibromobutyl ketone, 266 

Bibromobutyric acid, 336 

Bibromodiethylamine, 382 

Bibromoethyl alcohol, 144 

Bibromoethylene, 124 

Bibronioiuethyl ether, 244 

Bibromoethyl ketol, 591 


Bibromofluoroacetic acid, 335 
Bibromofumaric acid, 670 
Bibroraofuroxan, 296 
Bibromoglutaric acid, 558 
Bibromohexane, 373 
Bibromolaevulinic acid, 479 
Bibromomaleic acid, 570 
Bibromomaleinaldehyde, 400 
Bibromomalonic acid, 544 
Bibromomalonylurea, 634 
Bibromomethane diethyl sulphone, 490 
Bibromonitroacetamide, 433 
Bibromonitroacetic ester, 433 
Bibromonitroacetonitrile, 433 
Bibromonitroethane, 182 
Bibromonitrometbane, 182 
Bibromonitropropane, 182 
Bibromopentane, 372 
Bibromophorone, 273 
Bibromopimelic acid, 562 
Bibromopinacolin, 400 
Bibromopropane, 266 
Bibromopropionic acid, 336 
Bibromopyrotartaric acids, 557 
Bibromopyruvic acid, 464 
Bibromosuccinaldehyde, 399 
Bibromosuccinic acid, 556 
zsoBibromosuccinic acid, 556 
Bibromotetronic acid, 599 
Bibromovinylethyl ether, 158 
Bh'sobutylaminochloroborine, 201 
Biisobutylaminochloroarsine, 201 
Biiaobutylaminochlorophosphine, 200 
Blisobutylaminochlorosilicane, 201 
Biisobutylaminosulphochlorophosphine, 201 
Biisobutylaminoxychlorophosphine, 201 
BHsobutylglycoIlic acid, 419 
Bi-iaobutyl ketone, 204 
Bi-isobutyl sulphate, 167 
Bibutyryl, 365, 402 
Biisobutyryl, 402 
Bicaproyl, 402 
Bicarbamidic ester, 501 
Bicarbethoxyglycerol, 584 
Bicarboxyaconitic pentamethyl ester, 678 
Bicarboxyglutaconic acid, 669 
Blcarboxyglutaric ester, 668 
Bicarboxylic acids, 532 
Bicarboxymethyltricarballylic ester, 678 
Blcarboxytricarballylic acid, 678 
BicarboxyvaJeroIactone, 666 
Bichloral peroxide hydrate, 241 
Bichloroacetaldehyde, 240 
Bichloroacetal, 242 
Bichloroacetic acid, 334 
Bichloroacetoacetic ester, 476 
Bichloroacetone, 265, 400 
Bichloroacetyleiie, 125 
Bichloroacrylic acid, 342 
Bicblorobutane, 266 
Bichlorobutene lactone, 453 
Bichloroisobutyl ketone, 266 
Bichlorobutyric acid, 336 
Bichlorodiethyl sulphide, 172 
BichJorodiraethylbutane, 266 
Bichloroethyl alcohol, 144 
Bichloroethylene, 124 
Bichloroethyl ether, 167, 244 
Bichlorobydantoin, 499 
Bichlorolactic acid, 421 
Bichloromaleic acid, 569 
Bichloromalonic acid, 544 
Bichloromethylal, 242 
Bichloromethyl ether, 244 

sulphide, 172 

Bichloromuconic acid, 573 
Bichloropiuacoliii, 400 
Bichloropropane, 266 
Bichloropropionic acid, 336 
Bichloroisopropyl alcohol, 390 
Bichloropropylene, 254 
Bichlorosuccinic acid, 556 
iaoBichlorosuccinic acid, 556 
Bichlorovinylethyl ether, 158 
Bichloroxalic eaters, 538 
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Dicyandlamide, 515 
Bicyandlamidine, 515 
Bicyanoacetoacetic ester, 667 
Bicyanoacetoacetic malonic eater, 719 
Bicyanobisacetoacetic ester, 719 
Blcyaiiobisacetylacetone, 711 
Bicyanobismalonic acid, 720 
Blcyanoglutaconic ester, 670 
Bicyanomalonicacetoacetic ester lactam, 719 
Bicyanomalonic ester, 667 
Bicyanopelargonic ester, 646 
Blcyanopropionic ester, 646 
Bicyanoi^ovaleric ester, 646 
Dielectric constant, 67 
DielS'Alder reaction, 1 16 
Di-epl-iodohydrin, 586 
Bi-ethoxyacetic ester, 456 
Blethoxy-acetoacetic ester, 652 
Biethoxyacetoue, 590 
Biethoxyacrylic ester, 481, 644 
Biethoxybutyric ester, 474 
Blethoxymalonic ester, 618 
Blethoxymethylene, 293 
Biethoxysucciuic ester, 621 
Biethylacetamide, 324 
Biethylacetic acid, 305 
Biethylacetoacetic ester, 474 
Biethylacetonedicaiboxylic ester, 624 
Biethylacetonitrile, 327 
ctfi-Biethylacetylacetaldehyde, 396 
Bletbylacetyl chloride, 317 
Biethylacetylene glycol dipropionate, 365 
Biethylalloxan, 634 
Biethylamine, 197 
Biethylaminoacetone, 807 
Biethylaminochloroborine, 201 
Diethylaminochlorophosphlne, 200 
Biethylaminochlorosilicane, 201 
Dlethylaminopropionitrile, 444 
Diethylaininosulphochlorophosphine, 201 
Blethylaminoxychiorophosphine, 201 
Diethylarsenic, 211 
Blethylbarbituric acid, 631 
Biethyl beryllium, 218 
Biethylbutyrolactone, 428 
Biethylearbamyl chloride, 493 
Biethylcyanamide, 529 
Biethyldlnitro-oxaiuide, 539 
Biethyidithiophosphinic acid, 208 
Biethylenediimine, 387 
Biethyiene disulphide, 374 
Biethylenedlsulphidethetiae, 430 
Biethyiene disulphone, 375 

^ycol,363 

Biethyleneimlne oxide, 380 
Biethyiene oxide, 367 
Biethyiene oxide sulphone, 374 
Biethyiene tetrasulphide, 375 
Diethylethanetetracarboxylic ester, OflS 
Biethyl formal, 242 
Biethyiglutaric acids, 659 
Biethylglycidic ester, 595 
BiethylglycocoU, 442 
Diethylglycollic nitrile, 433 
Biethylhydantoiu, 500 
Biethylhydracrylic acid, 423 
Biethyihydnusiue, 203 
Biethylhydroxylamine, 205 
Biethylhydroxythiourea, 511 
Biethyl Hetazine, 269 

ketone, 264 

— „ aemiearbazone, 209 

Biethyliactic acid, 419 
Biethyimaleic anhydride, 574 
Biethylmalonic acid, 546 
Biethylmalonuric acid, 631 
Diethyimalonyl diurethane, 631 
Dlethylmalonylmethylenediamide, 681 
Biethylmalonylthiourea, 631 
Diethylnitramine, 202 
Biethyl oxalic acid, 418 
Biethyioxainethane, 539 
Biethyloxamic acid, 539 
Biethyloxamlde, 539 
Biethyloxetone, 590 


Biethylphosphine, 207 
Biethylsuccinic acid, 550 
Biethylsuccinic acids, 550 

anhydride, 551 

Biethylsulphone diiodomethane, 490 
Biethylthiocarbamide, 509 
Diethylthiolbutyric ester, 474 
Diethylthiolethyiene, 374 
Diethyl tin, 215 

tin chloride, 215 

Biethylurea, 497 
Diethylpseudouric acid, 633 
Diethylvioluric acid, 634 
Diethylxanthochelidonic ester, 677 
Biethyiallylcarbinol, 152 
Diethylcarbinol, 147 
Biethyl peroxide, 159 
Biethylsilicon chloride, 214 

diethoxide, 214 

oxide, 214 

Diethyl sulphate, 167 

sulphite, 169 

sulphone, 175 

thiosulphate, 177 

Difluoroacetic acid, 335 
Biformyl, 398 
Diformylhydrasine, 284 
Digalactosidoglucose, 730 
Bigitoxose, 675 
Biglycide, 587 
Biglycollamic acid, 431, 443 
DiglycoUamide, 431 
Biglycollic acid, 420 

anhydride, 420 

Diglycollide, 420 
BiglycoUimide, 431 
Biglycylglyciue, 448 
Diglycylgiycinecarboxylic acid, 493 
Bihalogenethyleues, 123 
Bihexosan, 730 
Dihydric alcohols, 356 
Bihydroresorcyl, 626 
Dihydroxyacetone, 590 
Dihydroxyadipic acid, 660 
Bihydroxyaidehydes, 588 
Bihydroxybeheuic acid, 594 
Blhydroxybutyl methyl ketone, 590 
Dihydroxybutyraldehyde, 589 
Dihydroxybutyric acid, 694 
Bihydroxyisobutyric acid, 594 
Dihydroxycapraldehyde, 589 
Bihydroxycholanic acid, 753 
Bihydroxydiethylamine, 380 
Bihydroxydiraethyladipic acids, 661 
Dihydroxydirnethylglutaric acids, 660 
Dihydroxyethyldlketopiperaziue, 590 
Bihydroxyethyi peroxide, 241 
Dihydroxyglutaric acid, 660 
Bihydroxyglutaric carboxylic acid, 678 
Biiiydroxyguanidiue, 517 
Bihydxoxyketoues, 590 
Dihydroxymaleic acid, 661 
Biiiydroxymalonic acid, 617 
Bihydroxymethylheptauone, 590 
Bihydroxymethyl peroxide, 241 
Dihydroxy-monocarboxylic acids, 593 
Bihydroxyisooctylic acid, 594 
Bihydroxypropanetricarboxylic acid, 678 
Bihydroxypropionic acid, 593 
Bihydroxypropylraalonic acid, 653 
Bihydroxypyrimidine, 628 
Dihydroxysebacic acid, 661 
Bibydroxystearic acids, 349 
Bihydroxysuberic acid, 661 
Bihydroxysuccinic acids, 653 
Bihydroxytartaric acid, 662 
Bihydroxyuudecoic acid, 594 
Bibydroxyvaleric acid, 694 
Bihydroxyvalerolactone, 652 
Bi-iinido-oxailc ether, 641 
Biiminobarbiturlc acid, 630 
Biiminotetraacetylbutaiie, 403 
Biiodoacetic acid, 335 
BHodoacetone, 266 
Biiodoacetyieue, 125 
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Biiodoacrylic acid, 342 
Diiodoethylene, 124 
Di-iodofuraaric acid, 570 
Diiodomalonic acid, 645 
Biiodomercuriethyl ether, 370 
Biiodomethanedisulphonic acid, potassium salt, 
490 

Biiodonitroethylene, 182 
Diketoadipic-dicarboxylic acid, 719 
Diketobehenic acid, 352 
Diketobutaue, 402 
Diketobutyl alcohol, 591 
Diketobutyric acid, 601 
Diketocarboxylic acids, 601 
Diketones, 401 

hydrazine, phenylhydrazine and semi- 

carbazide derivatives, 408 

oximes, 406 

Diketopiinelic acid, 663 
Diketopiperazine, 387, 447 
Diketopiperazinediacetamide, 01 0 
Dlketopiperazines, 446 
Diketostearic acid, 352, 602 
Diketovaleric acid, 602 

ester, 602 

Di-lactyl dl-amide, 447 
Dilaevuliiiic acid, 664 
Dilitnric acid, 632 
Dimalonio acid, 667 
Dimethoxyheptaneol, 587 
Dimethoxysuccinic acid, 658 
Dimethyl, 93 
Dimethylacetic acid, 304 
Dimethyl-acetoacetic amide, 475 
Dimethylacetoacetic ester, 474 
Dimethyl-acetobutyric acid, 480 
Dimethylacetonedicarboxylic ester, 024 
Dimethylacetylene, 112 
Dimethylaconitic acid, 648 
Dlmethylacryiic acid, 346 
Dimethyladipic acid, 561 
ttS-Dimethylallene, 114 
«y»i-DlmethylaUene, 114 
Dimethylalloxan, 634 
Dimethylallylcarbinol, 152 
Dimethylaraine, 197 
Dimethylaminoacetone, 397 
Dimethylaminoacetojiitrile, 441 
Dimethylaminobutene, 199 
Dimethylamlnobutyric methyl ester, 449 
Dimethylaminoethanol, 379 
Dimethylaminoethyl ether, 380 
Dimethylaminopenteue, 199 
Dimethylaminopropionic methyl ester, 448 
Dimethylaminovaleric methyl ester, 449 
Dimethyl-angelic lactone, 453 
Dimethyl arsenic, 211 
Dimethylarsenious acid, 211 
Dimethylarsine, 211 

trichloride, 211 

Dimethylaticonic acid, 575 
Dimethylazietbane, 408 
Dimethylbarbituric acid, 630, 631 
Dimethylbishydrazimethylene, 408 
Dimethylbutadiene, 117 

m-Dimethylcyciobutanedionecarboxylic acid, 624 
Dimethylbutaneol, 149 
Dimethylbutyrolactam, 461 
Dimethylbutyrolactone, 427 
Dimethylbutyrolactone-dicarboxylic ester, 600 
Dimethylcarbamyl chloride, 493 
Dimethylcarbinol, 145 
Dimethylcitraconic anhydride, 673 
Dimethylcoumalic acid, 626 
Dimethylcoumalin, 454 
Dimethylcyanamide, 529 
Dimethylcyaiiosuccinic ester, 640 
Dimethylcyanotricarballylic ester, 609 
Dimethylcyanuric acid, 521 
Dimethyipsewrfocyanuric acid, 622 
Dimethyldiacetyiacetone, 593 
Dimethyldi-acetylene, 117 
Dimethyldiacetylpyrazine, 591 
Dimethyl-dicyauo-methyl-ammoniuin liromide, 
443 
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Dimethyldiethylamraonium Iodide, 198 
Dimethyldiethyltetrahydrofurfuran, 868 
Dimethyldihydroxyglutaric acid lactone, 624 
Dimethyl diketone, 402 
Dimethyldiketopiperazine, 447 
Dimethylene dulcitol, 681 
Dimethyleneimine, 386 
Dimethylenerhamnitol, 671 
Diraethylenesuccinic acid, 578 
Dimethylethanetetracarboxylic ester, 668 
Diraethylethylacetlc acid, 305 
Dimethylethylacetonitrile, 327 
Dimethylethylacetyl chloride, 317 
Dimethylethylcarbinol, 147 
Dimethylethylene, 107 
DimethylethyJene glycol, 363 
Dimethylethylene oxide, 368 
Dimethyl-n-ethylguanidine, 512 
Dimethylethylhydracrylic acid, 423 
Dimethylethylmethaiie, 97 
Dimethyl-ethylpyrrole, 750 
Diinethylethyltrimethylene glycol, 364 
Dimethylformocarbothialdine, 507 
Dimethylfumaric acid, 675 
Dimethylforazan, 408 
Dimethylfuroxan, 408 
Dimethylglucose, 696 
Dimethylglutaconic acid, 577 
Dimethylglutaric acid, 559 
Dimethylglycidic acid, 595 
Dimethyl glycocoll, 441 
Dimethylglyoxal, 402 
Dimethylglyoxime, 407 
Dimethylheptadiene, 117 
Dimethylheptenol, 152 
Dimethylhexadiene, 117 
Dimethylhexanediol, 366 
Dimethylhexinenediol, 366 
Diruethylhydantoin, 500 
Dimethylhydraerylic acid, 423 
Dimethylhydrazine, 203 

Dimethylhydroxytricarballylic lactone acid, 606 
Dimethylhypoxanthine, 642 
Dimethyliodoamine, 200 
Dimethylisoxazole, 407 
Diraethylitaconic acid, 573 
Dimethyl ketazlue, 209 
Dimethylketen, 271 
Dimethylketol, 394 
Dimethyl ketone, 263 
Dimethyllsevulinic acid, 479 
Diinethyllsevulinic methyl ketone, 405 
Dimethyl magnesium, 219 
Dmiethylmaleic anhydride, 574 
Dimethylmalic acid, 611 
Dimethylmalic lactone, Oil 
Dimethylmalonic acid, 546 
Dimethylraesaconic acid, 574 
Dimethylmethyleneheptadiene, 117 
Dimethylnitramine, 202 
Dimethyl-mtroso-hydroxy-urea, 505 
Dimethyloxaloacetic ester, 021 
Dimethyloxaraide, 639 
Dimethyloxetone, 590 
Dimethyloxy purine, 643 
Dimethylparabauic acid, 029 
Dimethylparaconic acid, 012 
Dimethylpentaglycerol, 582 
Dimethylpeutanediol, 864 
Dimethylpentanetriol, 582 
Diniethylpentanolone, 395 
Dimethylphosphine, 207 
Dimethylphosphinic acid, 208 
Dimethylpimeiic acid, 562 
J)imethylifiopropylfulgenic acid, 578 
Dimethyl es'opropylhydracrylic acid, 423 
Dimethylpropylmetbane, 97 
DimethyUsopropyltrimethyieae glycol, 304 
Dimethyl-pyridoue, 454 
Dimethylpyroracemic acid, 464 
Dimethylpyrrolidone, 451 
Dimethylpyrrylpropionic acid, 750 
Dimethylracemic acid, 060 
Diniethylscmicarbazide, 504 
Dimethylsorbie acid, 354 
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Dimethylatannic oxide, 215 
Dimethylsuccinanil, 553 
Dimethylsuccinanilic acid, 552 
Dimethylsuccinic acid, 550 

acids, 549 

anhydride, 551 

nitrile, 654 

Diinethylsuccinimide, 553 
Dimethylsuccinyl chloride, 551 
Dimethyl sulphate, 167 

sulphite, 169 

Dimethyl sulphone, 175 
Dimethyl tellurium oxide, 178 
Dimethyltellurone, 178 
Dimethyllelluroniuni iodide, 178 
Dimethylthetine, 430 
Dimethylthetinedicarhoxylic acid, 430 
Dimethyltetrahydrofurfuran, 368 
Dimethyltetrahydropyronedicarboxylic ester, 677 
Dimethyltetramethylene glycol, 365 
oxide, 368 

Dimethylthiosemicarbazide, 511 
Dimethylthiourea, 509 
Dimethyltriacetic ester, 603 
Dimethyltriazene, 204 
Dimethyltricarballylic acid, 647 
Dlmethyltrimethylene glycol, 364 
Dimethyiuracil, 629 
Dimethyluramil, 632 
Dimethylurlo acid, 637 
Dimethylp^eudouric acid, 632 
Dimethylvalerolactone, 428 
Dimethylvioluric acid, 634 
Dimethylxanthine, 643, 644 
Dinitro-acetic ester, 457 
Dinitrobutane, 185 
Dinitrocaproic acid, 476 
Diuitrodiisoamyl, 186 
Dinitrodiisobutyl, 186 
Dinitrodimethylbutane, 186 
Dinitrodimethylhexane, 186 , 

Dinitroethane, 185 
Dinitrohexane, 185 
Dinitrometbane, 185 
Dinitroparaihns, 185 
Dinitropropane, 185, 186, 434 
Diiaonitrosoacetone, 592 
Dinitrosodiisopropylacetone, 275 
Ditaonitrosobutyric ester, 602 
Di-wouitrosopropionic acid, 601 
Dinitrotartaric acid, 658 
Diolefine alcohols, 152 
Dioxaloacetic ester guanidine, 622 
Dioxalosuccinic ester, 720 

lactone ester, 720 

Dioximinosuccinlc acid, 662 
Dioxypuxine, 642 
Dioxypyridine, 576 
Dipeptides, 445 
Diphenylbispyrazolone, 663 
Diphenylsuccinic add, 550 
Dipivaloyl, 402 
Dipropargyl, 117 
DIpropenylethylene glycol, 360 
Bipropionyl, 365, 402 

cyanide, 465 

Dipropionylethane, 405 
Ditsopropyl, 97 

Dipropylacetylene glycol dibutyrate, 365 
BipropylanoJne, 197 
Biiaopropylamme, 197 
Bipropylanoinosulphochlorophosphine, 20 1 
Bi-n-propylaminoxychlorophosphine, 201 
Bipropylbarbituric acid, 631 
Bipropyl beryllium, 218 
BipiopylcarbodUmide, 529 
Bii»xipylcyanamide, 529 
Bipropylethylene glycol, 363 
BipropylgylcoUic acid, 419 
Bipropylhydroxylamine, 205 
Biifopropylidenesuccinic acid, 578 
Bi-i«opropyl ketone, 264 
Bi^-propyl ketone, 264 
Bijffopyl ketone diethyl acetal, 266 
IMpropylmalonic acid* 547 


Bipropylmalonuric add, 631 
Bipropylnitramine, 202 
Biisopropylphosphine, 207 
Bipropyl sulphite, 169 
Bisaccharides, maltose type, 722 

trehalose type, 722 

Bisacryl, 254 
Bisilane, 214 

Bistillation of organic substances, 58 
Bithioacetal, 247 
Bithioacetic add, 320 
Bithioacetyl acetone, 403 
Bithiobiuret, 510 
Bithiocarbalkylaminic acids, 506 
Bithiocarbamic acid, 506 
esters, 507 

Bithiocarbamyldiallylamine, 51 1 
Bithiocarbamylhydraziue, 611 
Bithiocarbazinic acid, 511 
Bithiocarbonic add, 488 
Bithiocyanic add, 524 
Bithiodiethylamine, 200 
BithiodiglycoUic acid, 430 
Bitbiodilactic acid, 430 
Bithiodimethylamine, 200 
Bithiodipropionic acid, 430 
Bithloglycol, 374 
Bithiolbutane, 374 
Bithiolethane, 374 
Bithio-Ms-malonic eater, 545 
Bithiomelanurenic acid, 525 
Bithio-oxamide, 541 
Dithiourazole, 511 
Blthiourethanes, 507 
Biurethaneglyoxylic acid, 492 
Bh'aovaleralglutaric acid, 578 
Bliaovaleryl, 402 
Bivlnyl, 116 

Bivinylethylene glycol, 366 
Bixanthydiylurea, 496 
Bocosane, 98 
Bodecane, 98 

Bodecanedicarboxylic acid, 503 
Bodecanediol, 363 
Bodecenoic acid, 348 
n-Bodecoic acid, 305, 306 
Botriacontane, 98 
Bulcitol, 680 
isoBulcitol, 675 
Bulcitol hexanitrate, 681 

pentanitrate, 681 

Bumas* method, 8 

Butch Chemists, Oil of the, 372 


Edestin, 745 
Eicosane, 98 

Bicosanedicarboxyllc acid, 563 

Eicosyl alcohol, 149 

Elaeostearic add, 354 

Elaidic add, 349 

Elaidin, 585 

Elastin, 746 

Elayl, 102 

Elayl chloride, 372 

Electric conductivity, 75 

Electricity, Action of, on carbon compounds, 83 

Electro-chemical theory, 21 

Electronic theory of valency, 29 

Electrovalency, 30 

Elementary organic analysis, 2 

Empirical formula, 23 

Enanthonitrile, 827 

Enzymatic syntheses, 758 

Enzymes, 755 

Epibromohydrin, 588 

Epichlorohydrin, 587 

Epiethylin, 588 

Epihydrin alcohol, 687 

Epihydrincarboxylic acid, 595 

Epihydrin-ether, 588 

Epihydrlnic acid, 594 

Epilodohydrin, 588 

Epimeric change, 712 

Ergosterol, 755 
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Enicic acid, 350 
{ffoEnicic acid, 350 
Erythrene, 116 
Erythritol, 640 

diacetone, 650 

dibenzal, 650 

dichlorohydrin, 650 

diformal, 650 

ether, 650 

tetraacetate, 650 

tetranitrate, 650 

Erythroamylose, 733 
Erythrodextrin, 733 
Erythroglucic acid, 651 
Erythrogiucin, 649 
Erythronic acid, 651 
Erythrose, 650, 651 
Erythnilose, 651 
Ester-condensation, 467 
Esters of fatty acids, 310 

of mineral acids, 159 

Ethal, 149 
Ethanal, 236 

acid, 455 

Ethanalamine, 392 
Ethane, 93 

Ethanecarhodithioic acid, 320 
Bthanecarhothiolic acid, 320 
Ethane-diacid, 635 
Ethane dInitrile, 540 
Ethanediol, 362 
Ethanedisulphinic acid, 377 
EthanedisuJphonic acid, 248, 377 
Ethanehexacarhoxylic acid, 720 
Ethanesulphonic acid, 176 
Ethanetetracarhoxylic acid, 607 
Ethanetricarboxylic ester, 646 
Ethanol, 138 

acid, 414 

Ethanolal, 389 
Ethanoyl cliloride, 316 
Ethene, 102 
Ethenyl amidlne, 329 

amidoxlme, 330 

trichloride, 121, 122 

Ethers, 154 
Ethine, 108 
Ethionic acid, 377 
Ethoxalonitrolic acid, 542 
Ethoxalo-oxime chloride, 542 
Ethoxyacetaldehyde, 390 
Bthoxyacetic acid, 419 
Ethoxyacetoacetic ester, 600 
Ethoxyacetonitrile, 432 
Bthoxyacetylacetone, 591 
Ethoxyacrolein acetal, 399 
Bthoxyacrylic acid, 452 
Ethoxyhutyric aldehyde, 390 
Ethoxybntyronltrile, 433 
Ethoxycrotonic acid, 453, 474 
Ethoxyfumaric acid, 621 
Ethoxyglutaconic acid, 624 
Ethoxylamine, 205 
Ethoxyhydroxybutyric acid, 594 
Ethoxymaleic acid, 621 

anhydride, 621 

Ethoxymalonic acid, 604 
Ethoxymethacrylic acid, 457 
Ethoxyinethyleneacetyiacetone, 592 
Ethoxyoxaloacetic ester, 661 
Ethoxyproplonic acid, 419 
Ethyl, 32 

Ethylacetic acid, 304 
Ethyl acetoacetate, 473 
Ethylacetoacetic amide, 475 
Ethylacetoacetic ester, 474 
Ethyl-acetobutyrio acid, 480 
624 

acid, 352 
162 


Ethyl alcohol, 138 
Ethylallene, 114 


Ethylacetoglutaric ester, 
Ethylacetylene, 112 
Ethylacetylenecarboxylic 

Ethylacryiic acid, 346 
Ethyiadipic acid. 561 


Ethyl allyl ketone, 273 
' Ethylamine, 196 
Ethyl aminoethyl sulphide, 382 
Ethyl tert.-amyl ketone, 265 
Etliylarsine, 210 
Ethyl-arsenic, 210 
Ethylarsenic acid, 210 
Ethylazaurolic acid, 330 
Ethylbarbiturio acid, 631 
Ethyl borate, 169 
Ethylboric acid, 216 
Ethyl bromide, 164 
Ethylbromomalonic ester, 540 
Ethylbutene lactone, 453 
Ethyl bntenyl ether, 158 
Ethyl iert.-butyl ether, 158 
I Ethylbutylhydroxylamine, 205 
Ethyl ieri.-hutyl ketone, 265 
Ethylbutyrolactone, 427 
I Ethyl cacodyl, 211 
Ethylcarbamylchloride, 493 
Ethyl carbon-monothioUo acid, 488 

caxbylamine, 293 

chloride, 164 

chlorosnlphinate, 169 

chlorosulphonate, 168 

Ethylcitraconic acid, 573 
Ethylcrotonic acid, 347 
Ethyli^ocrotonlc acid, 347 
Ethylcyanamide, 629 
Ethyl tfiocyanide, 293 
Ethyldichloroamine, 200 
Ethyldichlorophosphine, 208 
Ethyl disulphide, 173 
Ethylene, 102 

bromide, 372 

bromohydrin, 370 

chloride, 372 

chlorohydrin, 370 

cyanide, 554 

cyanohydrin, 433 

Ethylenediamene, 384 
Ethylene diethyl sulphide, 374 

sulphone, 375 

Ethylenediguanidine, 513 
Ethylenedimalonic ester, 668 
Ethylene dimethyl sulphide, 374 
Ethylenedinitramine, 384 
Ethylene dinitrourea, 498 

dithioethylidene, 375 

Ethylenediurea, 498 
Ethylene ethylidene ether, 367 

fluorohydrin, 370 

glycol, 362 

giycollate, 420 

Ethyleneguanldine, 513 
Ethyleneimine, 386 
Ethylene iodide, 372 

iodohydrin, 370 

lactic acid, 422 

mercaptan, 874 

methylene ether, 367 

nitrate, 373 

psenctonitroslde, 104 

oxide, 367 

dicarboxylic acid, 669 

oxonide, 103 

selenocyanide, 525 

Ethylenesulphonic acid, 176 
Ethylenetetracarboxylic ester, CG9 
Ethylenethiocarbamide, 509 
Ethylenepseudothiourea, 510 
Ethyleneurea, 497 
Ethylenep«ei£^urea, 503 
Ethyleneiirethane, 492 
Ethylethanetetracarboxylic ester, 608 
Ethyl ether, 166 
Ethylethylene, 107 
Ethylethylene glycol, 363 
Ethyl, Existence of, 32 
Ethylfmnaxic acid, 574 
Ethylglutaiic acid, 558 
Ethylglyceric acid, 594 
Ethylglycerol, 582 
Ethylglyceroldichlorohydrin 583 
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Ethylglycerol diethyl ether* 586 
Ethyl glycide ether, 588 
EthylglycocoU, 442 
Ethylguanldine, 612 
Ethylhydantoin, 500 
Ethylhydracrylic acid, 423 
Bthylhydrazine, 203 
Ethyl hydride, 93 

hydrogen peroxide, 158 

sulphate, 168 

Ethyl hydroxyethyl sulphide, 374 
Ethylhydroxy-hydrosorbic ester, 453 
Ethylhydroxylamine, 205 
Ethyl-hydroxysorbic ester, 453 
Ethylhydroxythiourea, 511 
Ethylhydroxyurea, 505 
Ethyl hypochlorite, 169 
Ethylideneacetoacetic ester, 481 
Ethylideneacetone, 273 
Ethylidene bromide, 243 

chloride, 243 

cyanoacetic ester, 564 

diacetate, 244 

diethyl ether, 242 

mercaptal, 247 

sulphone, 247 

Ethylidenedimaloiiic ester, 668 
Ethylidene dimethyl ether, 242 
EthylidenedithioglycoUic acid, 429 
Bthylidenediurethane, 492 
Ethylideneglutaric acid, 577 
Ethylidene iodide 243 

lactate, 420 

lactic acid, 415 

Ethylidenemalonic ester, 504 
Ethylidenemethylglutaric acid, 577 
Kthylidenemethylpyrotartaric* acid, 575 
Ethylidenepropionic acid, 346 
Ethylidene succinic acid, 546 
Ethylideneurea, 497 
Ethylidenimine, 249 
EthylimidochJorocarbonic ester, 502 
Ethyl iodide, 164 
Ethylitaconic acid, 573 
Ethyiketen, 271 
Ethylketencarboxylie acid, 481 
Ethyl ketol, 394 
Ethyllsevuilnic acid, 479 
Ethylmaleic acid, 573 
Ethylmalic acid. 611 
Ethyljnalonic acid, 540 
Ethyl mercaptan, 171 
Ethyl mercuric hydroxide, 223 
Ethylmesacoiiic acid, 574 
Ethylmethyleneamine' 250 
Ethylmethylglyceric acid, 594 
Ethylnitramine, 201 
Ethyl nitrate, 166 

nitrite, 166 

Ethylnitrolic acid, 184 
Ethylnitrosolic acid, 330 
Ethyl orthocarbonate, 484 
Ethyloxaloacetic ester, 621 
Ethyloxamic acid, 539 
Ethyloxychlorophosphine, 208 
Ethylparaconlc acid, 612 
Ethylphosphine, 207 
Ethylphosphonic acid, 208 
Ethylpiperidone, 451 
Ethyl propenyl ketone, 273 
Ethylpropylacetic acid, 305 
Ethyl selenide, 177 

selenomercaptan, 177 

Ethylsilicic acid, 214 
Bthylsilieon trichloride, 214 

triethoxide, 214 

Ethylsorbic acid, 354 
Ethylsuccinaldioxime, 408 
Ethylsuccinic acid, 549 

anhydride, 651 

Ethyl sulphide, 172 
Ethylsulplmchlorophosphine, 208 
Ethyisulphonylacetic add, 430 
Ethykulphonyipropionic add, 430 
Ethyl sulfoxide, 1^75 


Ethylsulphuran, 375 
Ethylsulphuric acid, 168 
Ethyltartronic acid, 605 
Ethyl telluride, 178 
Ethyltetronic acid, 600 
Ethylthiocarbamic ethyl ester, 506 
Ethylthiocarbamides, 509 
Ethyl thiocarbonic acid, 488 
Ethylthiolacetic acid, 429 
Ethylthiolcrotonic acid, 474 
Ethylthionamic acid, 200 
Ethyltricarballylic acid, 647 
Ethyltrimethylene oxide carboxylic add, 595 
Ethylurea, 497 
Ethylpsewdourea, 503 
Ethylurethane, 492 
Ethyl-valerolactam, 451 
Ethylvinyl ketone, 273 
Ethylxanthogenic acid, 489 
Eubeanic acid, 541 

Exaltation (of molecular refraction), 67 
Eykmann’s method for molecular weight deter- 
mination, 20 


Pats and Oiis, 309 
Fatty acids, 296 

Synthesis and degradation, 307 

substances, 87 

Kehling's solution, 657 
Fibrinogen, 745 
Fibroin, 746 
Plaveanic acid, 541 

Fluorescence of organic compounds, 64 

Fluoroacetic acid, 335 

Fluorochlorobromofonn, 292 

Fluorochloroform, 292 

Fluoroethylenes, 124 

Fluoroform, 292 

Fluoromethane, 104 

Formal, 242 

Fonnalazine, 253 

Formaldehyde, 233 

peroxide, 241 

sulphoxylate, 245 

Formaldoxime, 251 
Formal glycerol, 587 
Formalin, 233 
Formamide, 284 
Formainidine, 289 
Formamidoxime, 289 
Forinaminoacetic acid, 442 
Formates, 283 

Pormazylcarboxylic acid, 642 
Forraazyl hydride, 289 
Formazylsulphonic acid, 511 
FormtaobutjTic aldol, 391 
Formhydroxamic acid, 289 
Formic acid, listers of, 283 
Formimido-ethers, 288 
Formoguanamine, 531 
Formonitrile, 284 
Formonitroxiine, 289 
Formoximinocldoride, 289 
Fornioxyacetonitrile, 432 
Formylacetic acid, 456 
Forniylacetoacetic acid, 601 
Formylacrylic acid, 457 
Formylbutyric acid, 457 
Formyliaobutyric acid, 457 
Formylbutyric acid phenylhydrnzone, 461 
Formyl chloridoxiiue, 289 
Formyldiacetylmethane, 592 
Fomiylglutacouic acid, 616 
oci-Formylglutaconic acid lactam, 616 
«ci-Formylglutaconic acid lactone, 616 

FormylSydrazine, 284 
Formylmalonic acid, 615 
Formylmethylthiosemicarbazide, 511 
Formyl-methylvaleric acid, 457 
Formylpropionic acid, 457 
- — ester phenylhydrazone, 461 
Formylpyrotartaric ester, 616 
Fonnylsuccinic acid, 616 
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flci-Formylsuccinic acid lactone, 616 

Formyltrisulphonic acid, 202 

Formylurea, 498 

Formyl valine, 444 

Fractional distillation, 60 

Free radicals, Existence of, 32 

Fructofuranose, 698 

Fructosamine, 700 

Fructosan, 699 

Fructose, 698 

y-Fructose, 698 

Fructose phosphoric esters, 698 

Synthesis, 700 

Fructosecarhoxylic acid, 715 
Fruit sugar, 698 
Fucose, 675 
Fucoxanthin, 753 
Fulgenic acid, 578 
Fulgide, 578 
Fulminic acid, 294 
Fulminuric acid, 296 
Fumaric acid, 565 

and maleic acids, Isomerism, 567 

dialdehyde, 399 

Fumarylglycidlc acid, 659 
Fungisterol, 755 
Furanose, 690 
Furazan, 408 

Furazancarboxylic acid, 601 
Furazandicarboxylic acid, 662 
Furazanpropionic acid, 601 
Furazans, 408 
Furfuran, 369 
Furodiazoles, 408 
Furoxan derivatives, 408 


Galactamine, 681 
Galactans, 736 
Galactochloral, 697 
Galactonic acid, 714 
Galactosan, 729 
Galactosazone, 697 
Galactose, 697 

aminoguanidine chloride, 697 

Galactosecarboxylic acid, 715 
Galactose mercaptals, 697 

oxime, 697 

pentanitrate, 697 

phenylhydrazone, 697 

Galactosido-arabinose, 724 
Galactosidogalactoses, 729 
Galactosidoglucoses, 728 
Galactosido-glucosido-fructose, 730 
Galacturonic acid, 716 
Galaheptitol, 681 
Galaheptonic acid, 715 
Galaheptosaminic acid, 715 
Galaheptose, 700 
Galalith, 233 
Galaoctonolactone, 715 
Galaoctose, 700 

Galapentahydroxypiinelic acid, 719 

Oallisin, 692 

Galtose, 687, 699 

Gelatin, 745 

Gelbkreuz, 172 

Gentianose, 730 

Gentiobiose, 728 

Geometrical isomerism, 41 

Geranic acid, 354 

Germanin, 499 

Germanium, Alkyl derivatives of, 214 

Glaucophanic acid, 601 

Gliadin, 745 

Globin, 749 

Globulins, 745 

Glucal, 696 

Glucamlnes, 681 

Glucofuranose, 693 

Glucoheptitol, 681 

Glucoheptonic acid, 715 

Glucoheptose, 700 

Gluconic acid, 713 

Glucononitol, 681 


Glucononose, 700 
Glucooctitol, 681 
Glttcooctonolactone, 715 
Glucooctose, 700 

Glucopentahydroxypimelic acid, 719 
Glucoproteins, 746 
Glucopyranose, 690 
Glucosamine, 699 
isoGlucosamine, 700 
Glucosaminic acid, 714 
Glucosan, 696 
Giucosazone, 693 
Glucose, 692 

estimation of, 694 

synthesis of, 700 

y-Glucose, 693 
dl-61ucose, 696 
Z-Glucose, 696 
Glucosealdazine, 693 
Glucose aminoguanidine chloride, 694 
Glucosecarboxylic acid, 715 
Glucosediphosphoric acid, 695 
Glucose mercaptals, 696 
Glucose monacetone, 696 
Glucoseoxime, 693 
Glucose phenylhydrazone, 693 
Glucosephosphoric esters, 695 
Glucose semicarbazone, 693 
Glucosidases, 756 
Glucosido-anhydroglucose, 730 
Glucosido-anhydromannose, 730 
Glucosido-arabinose, 724 
Glucosidofhictoses, 724, 728 
Glucosido-fructosido-glucose, 730 
Glucosidogalactoae, 728 
Glucosidoglucoses, 724 
Glucosidomaltose, 730 
Glucosidomannoses, 728 
Glucosone, 686 
Glucosyl chloride, 696 
Glucuronic acid, 716 
Glutaconic acid, 575 

anhydride, 576 

Glutamine, 614 
Glutaminic acid, 613 
Glutaric acid, 557 

semialdehyde, 457 

aldehyde, 400 

diazide, 658 

dihydrazide, 558 

— — peroxide, 658 
Glutarimide, 557 
Glutathione, 597 
Glutazine, 624 
Glutinic acid, 678 
Glutose, 687 
Glyceraldehyde, 588 
Glyceric acid, 593 
Glycerides, 684 
Glycerol, 580 

bromohydrin, 583 

carbonates, 584 

— — chlorohydrin, 583 

dibromohydrin, 583 

dichlorohydrin, 583 

— — diiodohydrin, 683 

ethers, 586 

fatty acid esters, 584 

iodohydrin, 583 

tribromohydrin, 683 

trichlorohydrin, 583 

Glycerolsulphuric acid, 684 
Glycerophosphoric acids, 584 
Glycerose, 589 
Glyceryl chloride, 683 

nitrate, 683 

nitrite, 584 

triurethane, 588 

Glycide, 587 
Glycidic acid, 594 

acids, 594 

Glycine, 440 

anhydride, 447 

Glycine-n-carboxylic anhydride, 492 
Glycocoh, 440 
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tJlycocyamidine, 513 
Glycocyamine, 513 
Glycogen, 733 
Glycol, 362 

bromoacetin, 373 

chloroacetin, 373 

chlorohydrin, 370 

diacetate, 374 

diethyl ether, 366 

difonnin, 373 

dinitrate, 373, 378 

dipalmitate, 374 

distearate, 374 

esters, 369 

ethers, 366 

ethyl ether, 366 

ftuoroacetin, 374 

Glycolic acid nitrile, 432 

aldehyde, 389 

Glycoliminohydrin, 432 
Glycol iodoacetin, 373 
Glycollamide, 431 
Glycollic acid, 414 

esters, 419 

anhydride, 420 

Glycolloglycollic acid, 420, 600 
Glycollyl azide, 432 

hydrazlde, 432 

Glycollylurea, 499 
Glycol methylene acetal, 367 

monoacetate, 373 

Glycolylpyroraceniic acid pheiiylhydrazone, 600 

Glycols, 356 

Glycoluric acid, 499 

Glycoliiril, 498 

Glycolyl guanidine, 513 

GlycolylmaJonio acid, 661 

Glycosides, 672 

Glycuronic acid, 716 

Glycyl-alanlne, 447 

Glycylaspartic anhydride, 610 

Glycylaspartylleiicine, 610 

Glycyiglyclne, 447 

Glycylglyoinecarboxylic acid, 403 

Glyoxal, 398 

bisguanidine, 408 

Glyoxalcarboxylic acid, 600 
Glyoxal disemicarbazone, 408 
Glyoxalic acid, 455 
Wlyoxaline propionic acid, 601 
Glyoxal osazone, 409 

osotetrazone, 409 

Glyoxime, 407 
GlyoxylisobutyriP acid, 601 
Glyoxylic acid, 455 

oxime, 460 

phenylhydrazoue, 461 

Glyoxylpropionic acid, 601 
Glyoxylthiocarbimlde, 628 
Gossypyl alcohol, 149 
Grape sugar, 692 
Grignard reagents, 219 
(Tuaiol, 255 
Guanamines, 531 
Guanazine, 517 
Guanazole, 515 
Guanidine, 512 
Guanidineglyoxylic acid, 628 
Guanidinoacetic acid, 513 
Guanidinocarboxylio ester, 515 
Guanidinopropionic acid, 514 
Iluanine, 641, 642 
Guanoline, 515 
Guanylguanidine, 515 
Guanylthiourea, 515 
Guanylurea, 515 
Gulonic acid, 713 
Gulose, 696 
Gum, 736 

arabic, 736 

Senegal, 736 

tragacanth, 736 

Gun-cotton, 735 

Hem, 749 


Hsematin, 749 
Hsematin chloride, 749 
Hsematinlc acid, 750 
Haematoidin, 763 
Hsematoporphyrin, 750 
Haemin, 749 
Haemochroraogen, 749 
Haemoglobins, 748 
Haemoporphyrin, 750 
Hsemopyrrole, 750 
Haemopyrrolecarboxyllc acid, 750 
Haemotricarboxylic acid, 647 
Halogen alkylamines, 199 

derivatives, 118 

fatty acids, 331 

Halogens, Determination of, 10 

Heat, Action of, on carbon compounds, 80 

Heat of combustion of carbon compounds, 78 

Hedonal, 491 

Hemicelluloses, 736 

Heneicosane, 98 

Hentriacontane, 98 

Heptaacetylbromolactose, 729 

Heptaacetylchlorolactose, 729 

Heptaacetylmethyllactoside, 729 

Heptachloroethylideneacetone, 273 

Heptachloropropane, 266 

Heptacosane, 98 

Heptadecane, 98 

Heptadecanedlcarboxylic acid, 563 
n-Heptadecoic acid, 305 
Heptadienonedicarboxylic acid, 626 
Heptaldehyde, 238 
Heptamethylene chloride, 373 
Heptamethylenediamine, 385 
Heptamethylene glycol, 365 

iodide, 873 

Heptane, 98 
Heptanedial, 400 
Heptanedione, 405 
Heptanehexacarboxylic acid, 720 
Heptanetetracarboxylic acid, 669 
Heptanetrione, 593 
Heptatriene, 117 
troHeptenoylacetic acid, 481 
Heptenyl amidoxime, 330 
Heptinlc acid, 600 
w-Heptoic acid, 305, 306 
Heptoic ethyl ester, 314 
Heptolactam, 451 
Heptolactone, 427 
Heptolactone-acetic acid, 615 
Heptyl alcohol, 149 
Heptylamine, 197 
Heptyl halides, 163 
Heptylpropiolic acid, 362 
Hesperidin, 675 
Heterol®vul 08 an, 699 
Heteroxanthine, 643 
Hexaacetyl dulcitol, 681 
Hexabromoethane, 122 
Hexachloroethaue, 121, 122 
Hexacontane, 98, 149 
Hexadecane, 98 
Hexadecyl alcohol, 149 
Hexadiene, 117 
zsoHexaldehyde, 238 
Hexabenzoyl mannitol, 680 
Hexadecanedicarboxylic acid, 563 
w-Hexadecoic acid, 305, 306 
Hexadienediol, 366 
Hexadiene dioxide, 650 
Hexadiinenediol, 366 
Hexaerythritols, 650 
Hexaethoxydisilane, 214 
Hexaethyldisilane, 214 
Hexaethyldistannane, 215 
Hexaethylidenetetrainine, 249 
Hexaethylmelamine, 531 
Hexahydric alcohols, 679 
Hexahydropyrazine, 387 
Hexahydiopyridiae, 386 
Hexamethyldisilane, 214 
. Hexamethylene bromide, 373 
chloride, 373 
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Hexamethylenediamine, 385 
Hexamethylene glycol, 365 
Hexamethyleneimine, 387 
Hexamethylene iodide, 373 
Hexamethylenetetramine, 248 
Hexamethylmelamine, 531 
Hexamethyltrimethylene glycol, 364 
Hexamine, 248 
Hexane, 97 
i<foHexane, 97 

Hexanedecacarboxylic ester, 720 
Hexanedial, 400 
Hexanediol, 365 
Hexanedione, 402, 405 
Hexanehexacarboxylic ester, 720 
Hexanetetracarboxylic ester, 669 
Hexanetriol, 582 
Hexanitroethane, 187 
Hexanolide, 427 
Hexanolone, 395 
Hexatriene, 117 
Hexenaldehyde, 255 
ifioHexenoic acid, 347 
Hexenoic acids, 347 
Hexenyl amidoxime, 330 
Hexinenediol, 366 
Hexinic acid, 600 
Hexitols, 679 
n-Hexoic acid, 305, 306 
Hexoic acids, Esters of, 314 
Hexosans, 781, 736 
Hexoses, 683 

Constitution, 689 

Hexylamine, 197 
Hexyl alcohols, 149 
Hexylaticonic acid, 575 
Hexylcitraconlc acid, 573 
Hexylene glycol, 365 

oxide, 368 

Hexylglycerol diethylin, 586 
Hexyl halides, 163 
Hexylitaconic acid, 573 
Hexylmesaconio acid, 574 
Hexylpropiolic acid, 352 

aldehyde, 255 

Hippurylaspartic acid, 610 
Histones, 744 
Homoaspartic acid, 611 
Homocholines, 380 
Homoconiinic acid, 450 

lactam, 451 

Homolsevulinic acid, 479 
Homologous series, 33 
Homomesaconic acid, 577 
Homopiperidic acid, 449 
Homopyruvylpyruvic acid, 652 
Hordenin, 745 
Hudson’s rule, 711 
Hyalogens, 747 
Hydantoic acid, 499 
Hydantoin, 499 
Hydracetamide, 249 
Hydracetylacetone, 394 
Hydracrylic acid, 422 

nitrile, 433 

Hydracrylic aldehyde, 390 
Hydrate cellulose, 734 
Hydxazidicarbohydrazide, 505 
Hydrazidicarbonazide, 505 
Hydiazinecarboxylic acid, 503 
Hydrazinedicarboxylic ester, 504 
Hydrazine valerolactone, 431 
Hydrazinoacetaldehyde, 392 
Hydrazinoacetic acid, 452 
Hydrazinoisobutyric acid, 452 
Hydrazino-fatty acids, 452 
Hydrazinopropionic acid, 452 
Hydrazo-isobutyric acid, 452 
Hydrazodicarbonamlde, 504 
Hydrazodicarbonamidine, 516 
Hydrazodicarbonic ester, 504 
Hydrazodicarbonimide, 505 
Hydrazo-fatty acids, 452 
Hydrazoformamide, 504 
Hydrazone, 253 


Hydrazones, 252 

Hydrazopyrazolonccarboxylic acid, 668 
Hydrocarbons, Halogen derivatives, 118 
Hydiochelidonic acid, 625 
Hydrocyanic acid, 284 
Hydrocyanic acid salts, 286 
Hydrocyanurlc acid, 581 
Hydroferrocyanlc acid, 288 
Hydrogen, Active, Estimation of, 11 

Determination of, 2 

Microestimation of, 7 

Hydrogen cyanide, 284 
Hydroglucal, 696 
Hydromuconic acids, 577 
Hydrosorbic acid, 347 
woHydrosorbic acid, 347 
Hydrouracil, 500 
Hydroxamic acids, 329 

oximes, 330 

Hydroximic acid chlorides, 329 
Hydroxyacetic acid, 414 
Hydroxyacetoacetic-carboxylic acid, 661 
Hydroxyacetone, 393 
Hydroxy-acids, 410 
Hydroxy acids, amides, 431 
Hydroxy-acids, Anhydride formation of, 419, 424 
Hydroxy acids, azides, 432 

hydrazides, 432 

Hydroxy acids, imidohydrins, 431 
Hydroxy-acids, nitriles, 432 

Bulphnx derivatives, 429 

Hydroxyacrylic ester, 456 
Hydroxyadipic acid, 615 
Hydroxy-aldehyde-ketones, 591 
Hydroxyaldehydes, 389 
Hydroxyalkylamines, 378 
Hydroxy-amino-carboxylic acids, 595 
Hydroxyaminoglutaminic ester, 624 
Hydroxyamlnopropionacetal, 589 
Hydroxyaminopropionic acid, 596 
Hydroxyaminosuccinic acid, 659 
Hydroxyasparagines, 659 
Hydioxyaspartic acid, 659 
Hydroxyazelalc acid, 626 
Hydroxybehenlc acid, 429 
Hydroxyisobutyl imidohydiin, 432 
Hydroxy-ierf.-hutylacetic acid, 419 
Hydroxybutyraldehyde, 390 
Hydroxyiwbutyraldehyde, 390 
Hydroxybutyric acid, 418, 423 
Hydroxyiwbutyric acid, 418, 423 

nitecDe, 433 

Hydroxycaffeine, 645 
Hydroxycapraldehyde, 891 
Hydioxycaproic acid, 418, 423, 429 
Hydroxyiwcaproic acid, 418, 423 
Hydroxycaprolactone, 695 
Hydroxyisocaprolactone, 595 
Hydroxycaprylamide, 431 
Hydroxycaptylic acid, 419 
Hydroxycitrlc acid, 678 
Hydroxycholanic acid, 753 
Hydroxy-dialdehydes, 591 
Hydroxy-dicarboxylic acids, 604 
Hydroxy-diethylacetio acid, 418 
Hydroxydiethylbutyric acid, 423 
Hydroxy-diketones, 691 

Hydroxy-dimethylaminoacetdimethylamide, 458 
Hydroxydimethylglutaxic acid, 615 
Hydroxydimethylgiutolactonic acid, 614 
Hydroxy-dimethyl-pentenoic acid, 453 
Hydroxy-dipropylacetic acid, 419 
Hydroxy-di-i»opropylacetic acid, 419 
Hydroxyethanesulphonlc acid, 375 
Hydroxyethylaminc, 379 
Hydroxyethylbutyric acid, 423 
Hydroxyethyl carbamic anhydride, 492 
Hydroxyethylmalonic ester, 605 
Hydroxyethyltrimethylammonium hydroxide, 
379 

HydroxyfumaraniUc acid, 620 
Hydroxyfumaric acid, 620 
Hydroxyfurazanacetic acid, 622 
Hydroxyfurazancarboxylic acid, 622 
Hydioxygluconic acid 716 
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Hydroxyglufcarlc acid, 613, 614 
Hydroxyisoheptoic acid, 423 
Hydroxyisoheptolactone, 595 
Hydroxyhexadeceneoic acid, 454 
HydroxyhydantoincarDoxylic acid, 634 
Hydroxy-hydrosorbic acid, 453 
Hydroxyisoxazoledicarboxylic ester, 624 
Hydroxy-keto-carboxylic acids, 598 
Hydroxyketones, 398 
Hydroxyls ctones, 477 
Hydroxylaevulinic acid, 600 
Hydroxylaminoacetie acid, 434 
Hydroxy lamino-Zcrf.-butylglyceroI , 650 
HydroxylaminobutjTic acid, 434 
Hydroxylaminoiaobutyric acid, 434 
Hydroxylamino'fatty acids, 434 
Hydroxylauric acid, 419 
Hydroxyloxamide, 540 
Hydroxymaleic acid, 620 
Hydroxymaleic anhydride, 620 
Hydroxymaleinanilic acid, 620 
Hydroxymalonic acid, 604 
Hydroxyinethanesulphonic acid, 247 
Hydroxy methyladipic acid, 616 
Hydroxymethylbutyric acid, 418, 423 
Hydroxymethyleneacetic ester, 456 
Hydroxy methyleneacetoacetiG ester, 601 
Hydroxymethyleneacetone, 396 
Hydroxymethyleneacetylacetone, 592 
Hydroxymethylenediethyl ketone, 396 
Hydroxymethylene ketones, 396 
Hydroxymethylenenialonic ester, 615 
Hydroxymethylenepropionic acid, 457 
Hydroxyinethylenesuccinic ester, 616 
Hydroxyraethylerythritose, 675 
Hydroxy-methylisopropylacetic acid, 419 
Hydroxyniethylpropyibutyric acid, 428 
Hydroxyinethylurethaiie, 492 
Hydroxymethylvaleric acid, 423 
Hydroxyinyristic acid, 419 
Hydroxyincotinic acid, 616 
Hydroxynonadecaldehyde, 391 
Hydroxyisooctolactoue, 595 
Hydroxyiscoctylic acid, 423 
Hydroxypalniitic acid, 419 
Hydroxyparacoiilc acid, 660 
Hydroxypentenoic acid, 452 
Hydroxypivallc acid, 423 
Hydroxyproline, 652 
Hydroxypropionic acid, 415 

aldehyde, 390 

Hydroxypyroracemic acid, 598 

aldehyde, 591 

Hydroxypyrotartaricacid, 611 
Hydroxypyrrolidinecarboxylic acid, 652 
Hydroxysebacic acid, 615 
Hydroxystearie acid, 419, 429 
Hydroxysuccinic acid, 605 
Hydroxyisosuccinic acid, 604, 605 
Hydroxytetrahydrofurancarboxylic acid, 652 
Hydroxytetrinic acid, 571 
Hydroxytrlcarballylic acid, 664, 678 
Hydroxytrimethyladipic acid, 615 
Hydroxytriniethylgiutaric acid, 015 

dinitrile, 614 

Hydroxytriniethylglutolactonic acid, 614 
Hydroxy- trimethylsuccinic acid, 611 
Hydroxyundecoic acid, 429 
Hydroxyurea, 505 
Hydroxyurethane, 505 
Hydroxyvaleraidchyde, 391 
Hydroxyvaleric acid, 418, 428 
Hydroxyisovaleric acid, 418, 428 

nitrUe, 433 

Hydroxyvalerolactone, 595 
Hydroxyvaleroiactoue-carboxylic ester, 653 
HydariUc acid, 634 
Hyodesoxycholic acid, 753 
Hypoohlorous acid. Esters of, 169 
Hypogajie acid, 349 
Hypoxanthine, 641, 642 

iDONio acid, 714 
Iditol, 680 

Idosaeeharlu acids, 717 


Idoses, 697 
Imidoallantoin, 628 
Iniidocarbonic ester, 502 
Iniidochlorides, 327 
Imidodiearboxylic hydrazide, 504 
Imidodioximidocarbonlc acid, 502 
Iraido-ethers, 328 
Imido-oxalic ether, 541 
IniidotWodJsulphazolidine, 524 
Imino-acetoacetic ester, 475 

nitrile, 475 

Imino-acetonitrile, 443 
Iminobarbituric acid, 630 
Iminocarboxylic ester, 501 
Imlnodipropionic acid, 444 
Tminosuccinic inonoethyl ester, 659 
Insect wax, 314 

Intramolecular atomic rearrangements, 46 
Inulln, 733 

leevulin, 734 

lodoacetai, 242 
lodoacetaldehyde, 240 
lodoacetic acid, 385 
lodoacetone, 265 
lodoacrylic acid, 342 
lodoallylene, 125 
lodobutyric acid, 336 
lodoiaobutyric acid, 336 
lodoethane, 164 
lodoethylamine, 381 
Iodoform, 291 
lodofuniaric acid, 569 
lodoglutaric ester, 558 
lodolactic acid, 421 
lodomercurlethanol, 370 
todomethane, 164 

lodomethanedlsulphonic acid, potassium salt, 490 
lodomethyl ether, 243 
I lodopropiollc acid, 351 
' lodopropionic acid, 835 
! lodosochloro-chlorofumaric acid, 343 
; lodosuccinic acid, 555 
! lodotetronic acid, 600 
pseittfo-Ionone, 276 
1 Isaconic acids, 575 
Isethionic acid, 375 
Isologous series, 34 
Isomerism, 34 
Isoprene, 116 
Isoxazoie, 407 

Isoxazolonehydroxamic acid, 622 
Itabromopyiotartaric acid, 555 
Itachloropyrotartaric acid, 555 
pseurfoltaconanilic acid, 612 
Itaconic acid, 571 
Itadibromopyrotartaric acid, 557 


Kammerer’S porphyrin, 750 
Keratin, 746 
Kerosene, 300 
Ketazines, 268 
Keten, 271 

KetenacetaIcurl)oxylic ester, 481 
Keten acetals, 271 
Ketencarboxylic acids, 481 
Ketens, 269 
Ketipic acid, 663 
Ketoaldehydes, 400 

hydrazine, phenylhydraziiio and semicar- 

bazide derivatives, 408 
oximes, 406 

Keto- and Enol- forms, Estimation, 50 
Ketoazelaic acid, 625 
Ketobutyric acid, 466 
Ketoglutarie acid, 623 
Ketohexoses, 698 
Ketohydroxystearic acid, 354, 600 
Ketoketens, 270 
Ketols, 393 
Ketomalonic acid, 617 

Ketoiuethylcaprolactone-carboxyiic acid, 662 
Ketone acetals, 266 
Ketone-alcohols, 393 
Ketone bisulphites, 266 
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Ketone carboxylic acids, 461 

cyanohydrins, 433 

Ketone-dicarboxyllc acids, 616 
Ketone halides, 266 
Ketones, 255 

unsaturated, 271 

Ketonic acids, 461 

nitriles, 464 

Ketopimelic acid, 625 
Ketoses, 682 

Ketostearic acid, 348, 480 
Ketosuccinic acid, 619 
Ketotetramethylplmelic acid, 625 
Ketovalenc acid, 477 
Ketovalerolactone-carboxylic acid, 661 
Ketoxlmes, 267 
Kjeldahl’s method, 9 


Lactalbumin, 745 
Lactamide, 431 
Lactams, 450 
Lactic acid, 415 

anhydride, 420 

esters, 419 

fermentation, 415, 688 

Metabolism, 417 

nitrile, 432 

Lactic aldehyde, 390 
Lactide, 420 
Lactimide, 447 
Lactimidohydrin, 432 
Lactobionic acid, 729 
Lactones, 424 
Lactonic acid, 714 
Lactosazone, 729 
Lactose, 728 

Lactosecarboxylic acid, 729 
Lactosidoglucose, 730 
Lactuxamic acid, 500 
Lactyllactic acid. 420 
Lactylurea, 500 
Laeluvic aldehyde, 400 
Lsevoglucosan, 696 
Lffivulin, 734 
Lasvulinic acid, 477 

hydrazlde, 480 

oxime, 480 

phenylhydrazoue, 480 

Laevulochloral, 699 
Laevulosan, 699 

trinitrate, 699 

LsBvulose, 698 
Lauraldehyde, 238 
Lauratnide, 324 
Laurie acid, 305, 306 

ethyl ester, 314 

Laurone, 264 
Lauronitriie, 327 
Lauryi amkioxime, 330 

ketoxiine, 268 

Lead, Alkyl derivatives of, 215 
Lecithins, 585 
Legumins, 745 
Leiocome, 733 
Lepargylic acid, 562 
Leucic acid, 418 
Leucine, 444, 450 
isoLeucine, 445 

Leucine*W“Carboxylic anhydride, 492 
Leucoturic acid, 634 
Leucylasparagine. 610 
Leucylleucine, 448 
Leucylpentaglycylglycine, 448 
Leucylproline, 598 

Leucyltriglycyl-leucyltriglycyMeucyltiiglycyl- 
leucylpentaglycylglyciue, 448 
tsoLichenin, 733 

Light, Action of, on carbon compounds, 81 

Lignin, 737 

Lignose, 734 

Ligioin, 100 

Linoleic acid, 354 

Linolenic acid, 354 

Linolic acid, 354 


Lipases, 756 
Liquid crystals, 67 
Li&ium methyl, 223 
Lithocholic acid, 753 
Liver starch, 733 
Lutein, 752 

jjseiwio-Lutidostyril, 454 
Lycopene, 118, 752 
Lycoperdin, 738 
Lysidine, 384 
Lysine, 598 
Lyxonic acid, 676 
Lyxose, 675 


Magnesium, Alkyl derivatives of, 218 

alkyi halides, 219 

dialkyls, 219 

Magnetic rotatory power, 74 
Maleic acid, 566 

semialdehyde, 457 

anhydride, 586 

Maleinaldehyde tetraethylacetal, 399 
Malic acid, 605 
isoMalic acid, 604 
Malonamic ester, 544 
Malonamide, 544 
Malondialdehyde, 399 

oximeanhydride, 407 

Malondiamidoxime, 544 
Malondihydroxamic add, 544 
Malonic acid. 542 

anhydride, 543 

esters, 543 

ester imidoether hydrochJoride, 544 

hydrazide, 544 

semi-amidoxime, 644 

seminitrile, 644 

Malonic semialdehyde, 456 
Malononitrile, 544 
Malonyl chloride, 544 

monoethyl ester. 544 

Malonyldimethyiurea, 630 
Malonylguanidine, 630 
Malonylthiouiea, 630 
Malonylurea, 630 
Maltobiose, 726 
Maltose, 726 
isoMaltose, 728 
Malt sugar, 726 
Mannamine, 681 
Mannans, 736 
Mannite, 679 
Mannitol, 679 

dichlorohydrin, 680 

hexaacetate, 680 

hexanitrate, 680 

triacetone, 680 

tribenzal, 680 

triformal, 680 

Mannoheptitol, 681 
Mannoheptonic acid, 715 
Mannoheptose, 700 
Mannonic acid, 712 
Mannonononic acid, 716 
Mannononose, 700 
Mannooctitol, 681 
Mannooctonic acid, 715 
Mannooctose, 700 
Mannosaccheuic acid, 717 
Mannose, 691 

Mannosecarboxylic acid, 715 
Mannose oxime, 692 

pentanitrate, 692 

phenylhydrazone, 692 

Mannotriose, 730 
Margaric acid, 306 
Margaric aldehyde, 238 
Marsh gas, 91 
Melam, 530 
I Melamine, 530 
Melampyrin, 680 
Melanurenic acid, 530 
. Melecitose, 730 
Melem, 530 
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Melezitose, 730 
Melibiose, 729 
Melissic acid, 305, 307 
Melissyl alcohol, 149 
Melitose, 730 
Melitriose, 730 
Mellon, 530 

Melting point of organic substances, 50 
Mercaptals, 247 

Mercaptan carboxylic acids, 429 
Mercaptans, 170 
Mercaptoles, 267 
Mercarbide, 537 

Mercury, Alkyl derivatives of, 222 

aUyl alcohol iodide, 588 

iodide, 223 

«ec.-butyl, 223 

diethylene oxide, 370 

ethyl, 223 

, iodide, 223 

methyl, 223 

iodide, 223 

propylene-glycol iodide, 588 

Mesachloropjnrotartaric acid, 555 
Mesaconio acid, 671 
Mesadibromopyrotartaric add, 557 
Mesitene lactam, 454 

lactone, 454 

Mesitonic acid, 479 

phenylhydrazone, 480 

Mesitylic acid, 614 
Mesityl nitrimine, 275 
Mesityl oxide, 273 

oxime, 275 

semicarbazone, 275 

sesquimercaptol, 395 

Mesityloxide oxalic acid, 603 
Mesobilirubin, 763 
Mesobiiirubinogen, 75S 
Mesoporphyrin, 750 
Mesoporphyrlnogen, 750 
Mesotartaric aldehyde, 651 
Mesoxallc acid, 617 
Mesoxalio dialdehyde, 592 

semialdehyde, 600 

Mesoxalylurea, 633 
Metacetaldehyde, 237 
Metacrolein, 254 
Metaformaldehyde, 236 
Metaldehyde, 237 
Metamerism, 34 

Metaphosphoric acid, Esters of, 170 
Metasaccharic acid, 717 
Metasaccharin, 676 
Metasaccharopentose, 676 
Hethacrylic acid, 345 
Methaual, 233 
Methane, 91 

Methanecarbothiolic acid, 320 
Methanedisulphonic acid, 247 
Methanesulphonic acid, 176 
Methanesulphonyl isocyanate, 520 
Methanetetracarboxylic acid, 067 
Methanetricarboxylic acid, 646 
Methaiie-tripropionic ester. 648 
Methanetrisulphonic acid, 292 
Methanol, 136 

Methanoltrisulphonic acid, 490 
Methazonic acid, 391 
Methenylbis-acetoacetic ester, 664 
Methenyl-bis-acetylacetone, 592, 051 
Methenylhismalonic ester, 009 
Methenylcarbohydrazide, 505 
Methionic acid, 247 
Methionine, 597 
Methoxyacetic acid, 419 
Methoxyacetonitrile, 432 
Methoxybutyxonltrile, 433 
Methoxycafieine, 644 
Methoxycrotonic ester, 474 
Methoxydimethylacetoacetic ester, 600 
Methoxylamlne, 205 
Heihoxyl, Estimation of, 11 
Methoxymesityi oxide, 396 
Methoxyinethylcncglutaconic ester, 610 


Methoxypropionic acid, 419 
Methoxytricarballylic acid, 666 
Methylacetic acid, 303 
Methylacetoacetic amide, 475 

ester, 474 

nitrile, 475 

Methylacetobutyl alcohol, 395 
Methylacetopyronone, 653 
Methylacetosuccinic ester, 622 
Methylacetylene, 112 
Methylacetylenecarboxylic acid, 352 
Methylacetylenylcarbinols, 152 
Methylaconitic acid, 648 
Methyladipic acid, 561 
Methylal, 242 
Methyl alcohol, 130 

aldehyde, 233 

Methylallene, 114 
Methylallophanic ester, 503 
Methylalloxan, 634 
Methylallyl alcohol, 151 
Methyl allyl ketone, 273 
Methylallylnitramine, 202 
Methylallylthiosemicarbazide. 511 
Methylamine, 196 
Methylaminoethyl sulphide, 382 
Methyl-ierA-amyl ether, 158 
Methylarabinoside, 674 

S Methylarabinoside, 674 
ethyl-arsenic, 210 
Methylarseiiic acid, 210 
Methylarsenoxide, 210 
Methylarsine, 210 

sulphide, 210 

Methylasparagine, 611 
Methylazide, 204 
Methylbarbituric acid, 631 
Methylbiuret, 603 
Methyl borate, 169 

bromide, 164 

Methylbromobutyl ketone, 266, 395 
Methylbromopropyl ketone, 395 
Methylbutadiene, 116 
Methylbutanalone, 400 
Methylbutanetricarboxylic ester, 647 
Methylbutanolone, 394 
Methylbutenedicarboxylic acid, 575 
Methylbutene lactone, 453 
Methylbutylacetic acid, 305 
Methylbutylamine, 197 
Methyl-tert.-butyl ether, 158 
Metbylbutylglutaric acid, 559 
MethyKsobutylglutaric acids, 559 
Methyl-tert.-butylglycollic nitrile, 433 
Methyltscbutylglyoxime, 408 
Methylisobutylideneamine, 250 
Methyl sec.-butyl ketone, 264 

■ tert.-butyl ketone, 264 

7i-butyl ketoxime, 268 

«crt,-butyl ketoxime, 268 

Methylbutylnitraraine, 202 
Methylbutyltetrazone, 204 
Methyl butyrolactone, 427 
Methylbutyrolactonecarboxylic acid, 605 
Methyl-isobutyrylvaleric acid, 480 
Methylcaprolactams, 451 
Methylcarbamyl chloride, 493 
! Methyl carbylaniine, 293 
Methyl chloride, 164 
I Methylchloroamylamine, 381 
1 Methylchloroisobutyl ketone, 266 
Methyl chloroform, 121, 122, 330 
i Methyl chlorosulphinate, 169 

j chlorosulphonate, 168 

I Methylcitraconic acid, 673 
Methylcltraconic anhydride, 574 
Methylisocitric acid, 666 
Methylcrotonic acid, 346 
Methylcyanamide, 629 
Methyl cyanide, 327 

fsocyanide, 293 

Methyl decyl ketone, 264 
; Methyldiazoimide, 204 
I Methyldlcarboxyaconitic ester, 678 
I Methyldichloroamine, 200 
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Methyidichloroarsine, 210 
Methyl dlchloropropyl ketone, 402 
Methyldiethylacetic acid, 305 
Methyldiethylmethane, 97 
Methyldihydroxyvaleraldehyde, 589 
Methyl disulphide, 173 
Methyl dodecyl ketone, 264 
Methyleneacetone, 273 
Methyleneaminoacetonitrile, 441 
Methylene bromide, 243 

chloride, 243 

- — citric acid, 666 

cyanide, 544 

diacetate, 244 

Methylenediamene, 384 
Methyldhe diethyl ether, 242 

mercaptal, 247 

sulphone, 247 

Methylenedimalonic ester, 668 
Methylene dimethyl ether, 242 

ditaonitramine, 184 

Methylenedisuccinic acid, 669 
Methylenediurethane, 492 
Methylene ethyl phenyl disulphone, 247 
Methyleneglucose, 696 
Methyleneglutaric acid, 577 
Methylene glycoUate, 420 

iodide, 243 

lactate, 420 

Methylenemalonic ester, 564 
Methylenesuccinic acid, 571 
Methyleneurea, 497 
Methylenitan, 699 
Methyl ether, 156 
Methylethylacetaldehyde, 238 
Methylethylacetic acid, 308, 304 
Methylethyl-acetoacetic amide, 475 
Methylethylacetoacetic ester, 474 
Methylethylacetonitrile, 827 
Methylethylacetylene, 112 
Methylethylacrolein, 255 
Methylethyladipic acid, 561 
Methylethylamine, 197 
Methylethylatlconic acid, 575 
Methylethylbutyrolactone, 428 
Methylethylcarbinol, 146 
Methyl ethyl diketone, 402 
a#-Methylethylene, 107 
«y»n-Methylethylene, 107 
Methylethylenediguanidine, 513 
Methylethyl ether, 158 
Methylethylethylene glycol, 363 
Methylethyleneimine, 386 
Methylethylethylene oxide, 368 
Methylethylfuroxan, 408 
Methylethylglutarlc acid, 559 
Methylethylglycidic ester, 595 
MethylethylglycoUIc acid, 418 

nitrile, 433 

Methylethylglyoxime, 407 
Methylethylhydantoin, 500 
Methylethylhydracrylio acid, 423 
Methylethylhydroxybutyrio acid, 423 
Methylethyiitaconic acid, 573 
Methyl ethyl ketazine, 269 

ketone, 264 

diethyl acetal, 266 

sulphone, 267 

semicarbazone, 269 

ketoxime, 268 

Methylethylmaleic anhydride, 574 
Methylethylmalio acid, 611 
Methylethylmalonlc acid, 546 
Methylethylmelamine, 531 
Methylethylnitramlne, 202 
Methylethyhflonitramine, 201 
Methylethyloxaloacetio ester, 621 
Methyletbylphenylphosphine oxide, 209 
Methyl-ethylpyrrole, 750 
Methylethyl selenide, 177 
Methylethylsemicarbazide, 604 
Methylethylsuccinic acid, 650 

anhydride, 551 

Methylethylthetine, 430 
Methylethylvalerokctone, 428 


Methyl fluoride, 164 
Methylfhictofuranosides, 699 
Methylfructoside, 698 
Methylfumaric acid, 571 
Methyl-d-galactoside, 697 
Methylglyoxime, 407 
Methyl gloxalidine, 384 
MethylgTucofuranoside, 694 
y-Methylglucoside, 693, 694 
Methylglucosides, 694 
Methylgiutaconic acid, 577 
Methylglutaric acid, 558 
Methylglutaiic-carboxylic ester, 647 
Methylglutolactonic acid, 614 
Methylglyceraldehyde, 589 
Methylglyceric acid, 594 
Methylglycidic acid, 695 
Methyl glycocoU, 441 
Methylglycocyamidine, 514 
Methylglycocyamine, 513 
MethylglyoxaJi, 400 

osazone, 409 

osotetrazone, 409 

osotriazone, 409 

oxime, 407 

phenylhydrazone, 408 

phenylhydrazoxime, 409 

Methylguanidinoacetic acid, 513 
Methyl heptadecyl ketone, 264 
Methylheptanedione, 405 
Methylheptanoltrione, 651 
Methylheptenone, 276 
Methylheptylamine, 197 
Methyl heptyl ketone, 264 
Methyl hexadecyl ketone, 264 
Methylhexenedicarboxylic acid, 575 
Methylhexose, 698 
Methyl-n-hexylacetonitrile, 327 
Methyl hexyl ketazine, 269 

ketone, 264 

Methyl-whexylpyrrole, 787 

Methylhydantoin, 500 

Methylhydracrylic add, 423 

Methylhydrazine, 203 

Methyl hydride, 91 

Methyl hydrogen sulphate, 168 

Methylhydrouracil, 501 

Methyl hydroxy-hydrosorbic ester, 453 

Methylhydroxylamine, 205 

Methylhydroxyurea, 605 

Methyl hypochlorite, 169 

Methylimidodithlocarbonicdimethyl ester, 507 

Methylimidothiobiazoline, 511 

Methyl iodide, 164 

iodochloride, 164 

Methylisoxazole, 407 
Methylitaconlc add, 573 
Methylketen, 271 
Methylketoglutaconic ester, 662 
Methyllsevulinaldioxime, 408 
Methyllavulinic add, 479 
Hethylmaleic acid, 571 
Methyl malic acid, 611 
Methylmalonic acid, 546 
Methyl-d-mannoside, 692 
Methyl mercaptan, 172 
Methylmesaconic add, 574 
Methylmethionic acid, 248 
Methylmethyleneamine, 250 
Methylmethyluracil, 503 
Methylnitramine, 201 
Methyl nitrate, 166 

nitrite, 166 

Metbyidtrolic acid, 184, 289 
n-Methylnitrosourethane, 493 
Methylnitrourethane, 493 
Methylnonadienone, 276 
MethylnonylglycoUic add, 419 
Methyl nonyi ketone, 264 

ketoxime, 268 

Methyloctadienone, 276 
Methyl orthocarbonate, 484 
Methyloxaioacetanil. 621 
MethyloxaJoacetic ester, 621 
Methyloxamic add, 539 
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Methyloxypurine, 643 
Methylparabanic acid, 629 
Methylparacouic acid, 613 
Methyl pentadecyl ketone, 264 
Methylpentainethylene oxide, 368 
Methylpentanediol, 364 
Methylpentanolone, 395 
Methylpentenaldehyde, 255 
Methylpentenoic acid, 347 
Methyl perchlorodithioformate, 490 
Methylphenylpyridazolone, 480 
Methylphosphine, 207 
Methylphosphonic acid, 208 
Methylpimellc acid, 5(52 
Methyl-piperidone, 451 
Methylpiopaneol, 146 
Methylpropanetricarboxylic acid, 647 
Methyl propenyl ketone, 273 

t«opropenvl ketone, 273 

Methylpropiolaldehyde, 255 
Methyl-«-propylacetaldehyde, 238 
Methyl-n-propylacetylene, 112 
Methyh’sopropylaeetanude, 324 
Methyl-7i-propylacetaniide, 324 
MethyJpropyJacetic acid, 305 
Methylfsopropylacetic acid, 305 
Methyliaopropyladipic acid, 561 
Methylpropy lallylcarbinol ,152 
Methylpropylamme, 197 
Methylpropylbntyrolactone, 428 
Methyl/wpropylbutyrolactoue, 428 
MethyHsopropyl-caprolactaius, 451 
Methylisopropylcaprolactone, 428 
Methylpropylearbinol, 147 
Methyh'sopropylcarbinoi, 147 
Methylisopropyldecadienone, 276 
Methylpropyl ether, 158 
Methyliaopropyl ether, 158 
Methylpropylglutaric acid, 559 
MethyKaopropylglutaric acid, 558 
Methylpropylglyoxime, 407 
Methylpropylhydracrylic acid, 423 
Methyl propyl ketazine, 269 

ketone, 264 

j«opropyl ketone, 264 

n-propyl ketone phenylhydrazone, 269 

isopropyl ketoxiine, 268 

n-propyl ketoxime, 268 

Methylpropyliiialeic anhydride, 574 
Methylisopropylinaleic anhydride, 574 
Methylpropylinalonic acid, 546 
Methyh^opropyJnialonic acid, 546 
Methylpropylnitramine, 202 
Methyh’sopropylsuccinic acids, 550 
Methylpurines, 638 
Methylpyrazole, 409 
Methylpyridazinone, 480 
Methylpyrrolidiiie, 386 
Methyl-pyrrolidone, 451 
Methylpyrrolidone-carlioxylic acid nitrile, 614 
Methylsemicarbiizide, 504 
Methylaorbic acid, 354 
Methyli$tannonic acid, 215 
Methyisuccinic acid, 548 

anhydride, 551 

Methyl sulphide, 172 

^Sttlphoxide, 175 

Methyltartronic acid, 604 
Methyl telluride, 178 
Methyl tetradecyl ketone, 264 
Methyltetrahydrofurfuran, 368 
Methyltetramethylene glycol, 364 
Methyltetronie acid, 599 

lactone, 652 

Metbyltetrose, 651 
Methyl thialdine, 247 
Methylthiolaminobutyric acid, 597 
Methylthiolethylaraine, 382 
Methylthiosemicarbazide, 511 
Methylthiourea, 509 
Methyl tin trichloride, 215 
Methyltriaeetonamine, 274 
Methyitricarballylic acid, 647 
Methyl tridecyl ketone, 264 
Methyltrixuethylcae glycol, 364 


Methyltrimethyleneurea, 498 

Methyl undecyl ketone, 264 

Methyluracil, 628, 629 

Methylurainil, 632 

Methylurea, 497 

Methyl pseudoxaea., 503 

Methylurethane, 492 

Methylisouretiii, 289 

Methyluric acids, 636 

Methylpscudouric acid, 632 

Methyl-valerolactam, 451 

Methylvalerolactone, 428 

Methyl vinyl ketone, 273 

Methylxanthine-carboxylic acid, 645 

Methylxanthines, 643 ^ 

Methyixyloside, 675 

Milk sugar, 728 

Millons reaction, 739 

Molasses, 725 

Molecular compounds, 26 

conductivity, 75 

dispersion, 67 

formula, 11 

refraction, 65 

rotatory power, 69 

weight, Determination of, 12, 13, 15 

Monobroraoacetal, 242 
Monochloroacetal, 242 
Monochloroacetaldehyde, 240 
Monohydric alcohols, 127 
Monoses, 683 

Monothio-6is-malonic ester, 545 
Monotrimethylglucose, 606 
Montanyl alcohol, 149 
Morpholine, 380 
Moss starch, 733 
Mucic acid, 718 
Mucilage, 786 
Mucins, 747 
Mucobromic acid, 457 
Mucochloric acid, 457 
Mucoidinsulphuric acid, 738 
Mucoids, 747 
Mucolactonic acid, 615 
Muconic acid, 577 
Miirexan, 632 
Murexide, 635 
Muscarine, 379 
isoMuscarine, 392 
Mustard gas, 172 

oils, 526 

Mutarotation, 69 
Mycosin, 738 
Myosin, 745 
Myricyl alcohol, 149 

chloride, 149 

halides, 163 

■ paliuitate, 314 

Myristamide, 324 
Myristic aldehyde, 238 

acid, 305, 306 

ethyl ester, 314 

Myristin aldoxinie, 251 
Myristone, 264 
Myristyl aniidoxime, 330 

ketoxime, 268 

nitrate, 166 

Myristonitriie, 327 


NAPHTHALKN LA X I X K, 443 

Naphthalenesulphoglycine, 442 

Naringin, 675 

Neftigil, 101 

Neroli oU, 137 

Keuridine, 385 

Neufine, 199, 380 

Ninhydrin reaction, 439, 740 

N!tramiues> 201 

Nitraminoacetic acid, 451 
laoNitraminoacetic acid, 452 
iaoNitraminowobutyric acid, 452 
Nitramino-fatty acids, 451 
Nitric acid, eaters of, 165 
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NltrUes, 324 
i«oNitrile8, 298 
Kitriloxnalonic acid, 544 
Nitrttomalonimidoxime, 544 
Nitrilo-oxalic esters, 640 
Kitrilosuccinic dimethyl ester, 661 
liFitroacetaldehyde, 391 
Nitroacetamide, 433 
Nltro-acetic ester, 433 
Wltroacetone, 396 
Nitro-acetonitrile, 433 
Nltroaldehydes, 391 
ITltroaminoguanidine, 516 
Nitrobarbituric acid, 632 
Nitrobluret, 602 
Nitrobromomalonic acid, 618 
Nltrobutane, 181, 182 
Nitroisobutylene, 182 
JSfitro-teri.-butylglycerol, 650 
Nitroisobutyl glycol, 588 
Nltro-i«obutyric acid, 434 
Nitrobutyric ester, 434 
KTitrocarbamic acid, 493 
KitroCelluloses, 735 
Nitrochloroform, 486 
Nitrocyanacetamide, 296 
Nitro*dimethylacrylic acid, 454 
Nltroethane, 181 
Nitroethyl alcohol, 144, 378 
NitroethyKsenitramine, 184 
Nitroethyl nitrate, 378 
Nltro-ethylurea, 498 
Nitro-fatty acids, 433 
Nitroform, 186 

Nitrogen, Determination of, 7 

Stereochemistry of, 44 

Nitrogen carbonyl, 504 

tricarboxylic ester, 502 

Nitroglycerin, 583 
NitroglycoDlo acid, 420 
Nitroguanldine, 515 
Nitrowohexylene, 182 
Nltrohydantoin, 499 
Nltroketones, 396 
Nltrolacetlc ester, 542 
Nitrolactio acid, 420 
paewfoNltroles, 183, 184 
Nitrolic acids, 183, 184 
Nitromalic acid, 607 
Nitromalonio acid, 545 

dialdehyde, 691 

Nitromalonyldimethylurea, 632 
Nitromalonylnrea, 632 
Nitxoxnannltol, 680 
Nitromethane, 181 
Nitromethylbutane, 182 
Nitromethylhydantoin, 500 
Nitromethylmalonic ester, 545 
Nitronitrosobutane, 184 
Nitronitrosoparaffliis, 184 
Nitronitrosopropane, 184 
Nitrooctane, 182 
Nitrooctylene, 182 
Nitroparaffins, 178 
Nitropropane, 181, 182 
Nitropropanol, 378 
Nitropropionic acid, 434 

ester, 434 

Nltro-isopropylacetone, 275 
Nitropropyl alcohol, 378 
Nitrowoprojpyl alcohol, 378 
Nitropropyfene, 182 
taoNitrosoacetamide, 433 
taoNitrosoacetic acid, 460 
laoNitrosoacetoacetic ester, 602 
t'aoNi^oso-acetone, 407 
iaoNitrosoacetonedicarboxylic ester, 624 
Nitrosoalkylhydrazines, 203 
Nitrosoalfcylhydroxylamines, 206 
Nitroso-amines, 201 
iaoNitrosobarbituric acid, 634 
Nitrosoiaobutane, 183 
Nitrosoiaobutyric acid, 434 
Kitrosocarbamic methyl ester^ 493 
Nltrosochloroethane, 829 


iaoNitrosocyanoacetic acid, 618 
Nitrosodicmoroethane, 329 
laoNitroso-diethyl ketone, 407 
Nitroso-diethylnrea, 498 
Nitrosodimethylhydrazine, 203 
iaoNitroso-ethyl naethsd ketone, 407 
Nitroso-fatty acids, 434 
Nitrosoguanidine, 515 
iaoNitrosolffivnllnlc acid, 602 
NitrosoUc acids, 330 
iaoNitrosomaJonic acid, 618 
iaoNitroso-methyl iaoamyl ketone, 407 

butyl ketone, 407 

iaobutyl ketone, 407 

iaocapryl ketone, 407 

Nitrosomethylhydrazine, 203 
Nitrosomethylhydroxylamine, 206 
iaoNitrosomethylisoxazolone, 602 
iaoNitroso-methyl propyl ketone, 407 
Nitroso-methylurea, 498 
Nitrosooctane, 183 
Nitrosoparaldimine, 249 
Nitrosoiaopentane, 183 
iaoNitrosopropionic acid, 465 
Nitroso-iaopropylacetone, 275 
Nitrosoureas, 498 
Nitrosourethane, 493 
Nitrosoximes, 330 
Nitrotartaric acid, 658 
Nitrotetronic acid, 600 
Nitrourea, 498 
Nitrouxethane, 493 
Nitrous acid, Esters of, 166 
Nitio-iaovaleric acid, 434 
Nomenclature of carbon compounds, 89 
Nonadecane, 98 
Nonametiiylene glycol, 365 
Nonane, 98 

Nonane-dicarboxylic add, 563 
Nonanediol, 865 
Nonenoic acid, 848 
Nonocosane, 98 
n-Nonoic add, 305, 306 
Nonoic ethyl ester, 314 
Nonyl alcohol, 149 
Nonylamines, 197 
Nonyl ketoxime, 268 
Nonylpropiolic add, 362 
Nucleic acids, 748 
Nucleins, 747 
Nucleohistone, 744 
Nucleoproteins, 747 


OCTACOSANEDIOARBOXYIIC acid, 563 
Octadecane, 98 
Octadecenol, 152 
M-Octadecoic acid, 305, 306 
Ootadienediol, 386 
Octadienone, 276 
Octadiinenediol, 366 
Octaldehyde, 238 
Octamethylenediamine, 385 
Octane, 98 
Octanedial, 400 
Octanediol, 363, 365 
Octanedione, 405 

Octanetetradecacarboxylic ester, 720 
Octanetetraone, 651 
Octanolactam, 451 
t*so-Octeno]actone, 453 
Octoacetyllactose, 729 
Octobromoacetylacetone, 403 
Octochloroacetylacetone, 403 
tt-Octoic acid, 305, 306 
Octoic ethyl ester, 314 
Octomethylene glycol, 365 
Octyl alcohol, 149 
Octylglyc^rol diethyliu, 586 
Octyl halides, 163 
Octylic anhydride, 319 
Octyl zdtram, 166 

nitrite, 167 

(Enanthal, 288 
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(Enantlialdoxlme, 251 
(Emntbaznide, 324 
OEnanthic acid, 305, 306 

anhydride, 819 

(Enanthone, 264 

Oil of the Dutch Chemists, 372 

Olefiant gas, 102 

Olefine alcohols, 150 

Olefines, 101 

Oleic acid, 349, 350 

isoOleic acid, 350 

Oleic acid series, 337 

Oleyl alcohol, 152 

Ooporphyrin, 750 

Opsopyrrole, 750 

Optical rotatory power, 68 

Organic analysis, Elementary, 2 

Organometallic compounds, 217 

Ornithine, 698 

Ornithuric acid, 598 

Orthoacetic triethyl ester, 330 

Orthocarhonic esters, 484 

Ortho-fatty acid derivatives, 330 

Orthoformlc esters, 290 

Ortho-oxalonitrilie ethyl ester, 540 

OrthophosphoTic acid, Esters of, 1 70 

Orthopropionic ester, 330 

Orthothioformic ester, 290 

Osazones, 409, 686 

Osmotic pressure, 15 

Osones, 686 

Osotetrazones, 409 

Osotriazoues, 409 

Ovalbumin, 746 

Ovomucoid, 747 

Oxalamidine, 541 

Oxalan, 030 

Oxalantin, 634 

Oxaidehyde, 398 

Oxalic acid, 535 

amides, 538 

ester-chlorides, 538 

— esters, 637 

- — ester nitrile oxide, 433 

phenylhydrazido-chloride, 642 

hydrazide, 640 

nitrile imido ether, 540 

Oxalimide, 539 
Oxaloacetanilic acid, 620 
Oxaloacetic acid, 619 
flci-Oxaloacetic anhydride, 620 
Oxaloacetoacetic ester, 603 
Oxalobutyric ester, 021 
Oxaloisohutyrie ester, 621 
Oxalocitric lactone ester, 720 
Oxalocrotonic acid, 026 
Oxalodlacetlc acid, 063 
Oxalodiamidoxime, 542 
Oxalodiethylacetoacetic ester, 663 
Oxalodihydroxainic acid, 542 
Oxalodi-imide dihydrazide, 541 
Oxalodimethylacetoacetic ester, 063 
Oxaloleevulinic acid, 663 
Oxaiomalonic ester, 666 
Oxalonitrile, 540 
Oxalopropionic ester, 621 
Oxalosuceinic ester, 667 
Oxaluramide, 630 
Oxaluric acid, 630 
Oxalylbisacetylacetone, 711 
Oxalyi chloride, 538 
Oxalyldiacetone, 651 
Oxalyldiglycocoll, 539 
Oxalyldimalonic acid, 719 
Oxalyldimethylethyl ketone, 051 
Oxalyldimethylurea, 029 
Oxalylguanidine, 030 
Oxalylmethyluiea, 629 
Oxamazide, 540 
Oxamethane, 539 
Oxamic acid, 538 
Oxamide, 539 
Oxamidines, 329 
Oxamidoacetic acid, 539 
Oxaminic hydrazide, 539 


Oxazomalonic acid, 619 
Oxetones, 590 
Oxidases, 756 
Oxime-anhydride, 407 
Oximinoacetic acid, 460 
Oximinoadlpic ester, 625 
Oximinobutyric acid, 465 
Oximino-fatty acids, 465 
Oxlminoketobutyrolactone, 600 
Oximinomalonylurea, 634 
Oximinomethyladipic ester, 025 
Oximinppiraelic ester, 625 
Oximinopropionic acid, 461, 465 
Oximinosuccinic acid, 621 
Oximinotetronic acid, 600 
Oxyaminopyrimidine, 628 
Oxy-cellulose, 734 
Oxycitraconic acid, 659 
Oxyhsemoglobin, 748 
Oxylylurea, 629 
Oxyneurine, 380, 442 
Oxypurine, 642 
Oxytetraldine, 254 
Ozokerite, 101 


Paimitamide, 324 
Palmitic acid, 305, 806 

aldehyde, 238 

anhydride, 319 

Palmitoleic acid, 349 
Palmitone, 264 
Palmltonitrile, 327 
Palmityl amidoxime, 330 

ketoxime, 268 

Pantochromy, 62 
Parabanic acid, 629 
Paracasein, 747 
Parachloralose, 690 
Parachor, 77 
Paraconic acid, 012 
— acids, 612 
Paracyanogen, 541 
Paraflan, 100 
Paraffins, 91 
Paraformaldehyde, 230 
Paralactic acid, 417 
Paraldehyde, 237 
Paraldol, 390 
Param, 615 
Paramucic acid, 718 
Paramylum, 733 
Parasaccharin, 676 
Parasorbic acid, 454 
Paratartaric acid, 655 
Paraxanthine, 643 
Partial valency, 28 
Pectic acid, 737 
Pectinose, 674 
Pectin substances, 737 
Pelargonamide, 324 
Pelargonic acid, 305, 300 

anhydride, 319 

Pelargonitrile, 327 
Peataacetylftuctose, 698 
Pentaacetylgalactose, 697 
Pentaacetylglucose, 694 
Pentaacetyl-d-mannose, 692 
Pentabenzoylglucose, 694 
Pentabromoacetone, 265 
Pentachloroacetone, 265 
Pentachloroethane, 121, 122 
Pentachloroglutaric acid, 558 
Pentadecaldehyde, 238 
Pentadecane, 98 

Pentadecanedicarboxylic acid, 563 
w-Peutadecoio acid, 305 
Pentadecyiamine, 197 
Pentadiene, 114, 116 
Pentaerythritol, 650 
Pentaglycerol, 582 

aldehyde, 689 

Pentaglycol. 864 
Pentaglycylglycine ester, 448 
Pentahydric alcohols, 671 
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Pentabydioxyaldehydes, 68S 
Pentahydroxy-n-caprolc acid, 712 
Pentahydroxycarboxylic acids, 711 
Pentahydioxyketones, 683 
Pentahydroxypimelic acid, 719 
Pentamethylene bromide, 873 

chloride, 373 

Pentamethylenediamine, 385 
Pentamethylene dicyanide, 562 

glycol, 365 

Pentamethyleneimine, 386 
Pentamethylene iodide, 373 

oxide, 368 

sulphide, 375 

Pentamethylethyl alcohol, 149 
Pentamethylguanidine, 513 
Pentanalone, 400 

Pentandienonedicarboxylic acid, 626 
Pentane, 97 
iwPentane, 97 

isoPentanecarbodithioic acid, 320 
Pentanediethyl sulphone, 267 
Pentanedimethyl sulphone, 267 
Pentanediol, 364, 365 
Pentanedione, 402 
Pentanehexacarboxylic ester, 720 
Pentanetetracarboxylic acid, 669 

ester, 668, 669 

Pentanetricarboxylic acid, 647, 648 
Pentanetriol, 582 
Pentanetrione, 592 
Pentanitromannitol, 680 
Pentanolide, 427 
Pentanolone, 894 
Pentanone acid, 477 
Pentatriacontane, 98 
Pentenetricarboxylic acid, 648 
Pentenoic acids, 346 
Pentinic acid, 600 
Pentitols, 671 
Pentosans, 731, 736 
Pentoses, 672 

Pentoses, Space-isomerism, 702 

Pentylene oxide, 368 

Peracetic acid, 319 

Per-acids, 319 

Perbromoacetone, 265 

Perchloric acid. Esters of, 169 

Perchloroacetylacrylic acid, 481 

Perchlorobutadienecaxboxylic acid, 353 

Perchlorobutinecarboxylio acid, 853 

Perchloroethane, 121, 122 

Perchloroethylene, 124 

Perchloroethyl ether, 157 

Perchloromesole, 125 

Perchloromethyl mercaptan, 490 

Perchlorovinyl ether, 158 

Perpropionic acid, 319 

Perseitol, 681 

Perthiocyanic acid, 525 

Petroselinic acid, 350 

Petroleum, 99 

Phseophytin, 752 

Phaseolin, 745 

Phasotropism, 52 

Phenoxyacetal, 390 

Phenoxycapronitrile, 433 

Phenylasparaginanil, 608 

Phenylaspartic acid, 608 

Phenylethylbarbituric acid, 631 

Phenylglucoside, 694 

Phenylhydrazones, 269 

Phenylimido-oxalic methyl ether, 541 

Phenylmethylpyridazonecarboxylic acid, 662 

Phenylpyrazolecarboxylic ester, 602 

Phenyl-pyridazone, 554 

Phenyl succinimide, 553 

Phenyltolylmethyltelluronium iodide, 178 

Phenyluric acid, 688 

Phenylj>«e«idouric acid, 633 

Phorone, 273 

tetxabromide, 273 

Phoronic acid, 625 
Phosgene, 486 
Phosphagen, 514 


Phosphines, 206 
Phosphocreatine, 514 
Phosphoproteins, 747 
Phosphorous acid, Esters of, 170 
Phosphorus, Alkyl derivatives of, 206 

Determination of, 10 

Stereochemistry of, 45 

Phthalimidomalonic ester, 545 
Phyeitol, 649 
Phyllopyrrole, 760 
Phyllopyrrolecarboxylic acid, 760 
Phytochlorin, 762 
Phytol, 162 
Phytosterols, 766 
Pimelic acid, 561 

aldehyde, 400 

Pinacol, 363 
Pinacolin, 264 
Pinacolyl alcohol, 149 
Pinacolyl thiocarhamide, 509 
Pinacone, 363 
Piperazine, 387 
Piperidic acid, 449 
Piperidine, 386 

Piperidineapiropiperazinespiropiperldine dibrom- 
ide, 387 
Piperidone, 451 
Piperidonecarboxylic acid, 615 
Pivalic acid, 303, 304 
Pivaloin, 394 

Pneumococcus polysaccharides, 738 
Plum gums, 736 
Plus sugar, 730 
Polyamyloses, 730 
' Polychromy, 52 
Polyethylene glycols, 363 
Polyglycerols, 587 
Polyglycollide, 420 
Polyhydric alcohols, 679 
Polymerism, 34 
Polypeptides, 445 
Polysaccharides, 731 
Porphin, 751 
Porphyrins, 750 
Porphyrinuria, 750 
Potassium methyldiazotate, 203 
Primary alcohols, Conversion into secondary and 
tertiary, 134 
Primverin, 724 
Prlmverose, 724 
Prolamins, 745 
Proline, 598 
Prolylalanine, 598 
Prolylglycine anhydride, 598 
Propanal, 238 

Propanaldlsulphonic acid, 400 
Propanalone, 400 
Propane, 97 

Propanecarbodithioic acid, 320 
Propanediol, 363, 364 
Propanediolal, 5^ 

Propanediol diacid, 617 
Propanedlolone, 690 
Propanedisulphonic acid, 377 
Propanepentacarboxylic acid, 678 
Piopanetetracarboxylic acid, 669 
ester, 668 

Propane tetraethyl sulphone, 899 
Propanetricarhoxylic acid, 646 

ester, 646 

Propanetriol, 580 
Propanol acid, 422 

diacid, 604 

Propanone, 263 

acid, 462 

Propargyl alcohol, 162 
Propaxgylamine, 199 
Propargyicarbinol, 152 
Propargyl ethyl ether, 158 

halides, 165 

Propargylic acid, 351 
Propaigylic aldehyde, 255 
Propenoi, 150 
Propenylamine, 199 
iioPiopenylethyl ether, 168 
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Propenylglycollic acid, 452 
Propinol, 152 
Propiolaldehyde, 255 
Propiolic acid, 361 
Propionaldaziae, 253 
Propionaldehyde, 238 

phenylhydrazone, 263 

Propionaldoxime, 251 
Propionamide, 324 
Piopionazide, 324 
Propione, 264 
Propionic acid, 303, 626 

anhydride, 319 

esters, 314 

fermentation, 688 

peroxide, 319 

Propionic aldol, 391 
Propionoin, 394 
Propionitrile, 327 
Propionylacetic ester, 474 
Propionylacetoacetic ester, 475, 603 
Propionylacetonitrile, 475 
Propionyl carbinol, 394 

chloride, 316 

cyanide, 465 

cyanoacetic ester, 619 

fluoride, 316 

Propionylformamide, 465 
Propionylformic acid, 464 
Propionyl hydroperoxide, 319 
Propionylmalic methyl eater, 607 
Propionylmethylcarbinol, 394 
Propionylpropionaldioxlme, 408 
Propionylpyroracemic ester, 602 
iaoPropylacetic acid, 304 
Propylacctoacetic ester, 474 
iaoPropylacetylene, 112 
n-Propyiacetyiene, 112 
PropylacetyJenecarboxylic acid, 352 
iaoPropylacetylenecarboxylic acid, 352 
iaoPropyhacetyl valeric acid, 480 
PropyiSacrolein, 255 
isoPropyiacrylic acid, 347 
i>oPropyladipic acid, 561 
Propyl alcohol, 145 
taoPropyl alcohol, 145 
Propyl allyl ketone, 273 
Propylamine, 196 
taoPropylamine, 196 
Propylbarbituric acid, 631 
Propyl bromide, 164 
t^oPropyl bromide, 164 
i4!oPropyi-iert,-butyl ether, 158 
iaoPropylisobutylglyceric acid, 594 
iaoPropyl-tert.-butyl ketone, 265 
Propylbutyrolactoue, 427 
iwwopylbutyrolactone, 428 
Propylcarbinol, 146 
t^oPropylcarbinol, 146 
Propylchloroamine, 200 
Propylchloroamylamine, 381 
Propylcitraconic acid, 573 
*«oPropylcitracoiiic acid, 573 
Propyl iaocyanide, 294 
Propyldlchloroamine, 200 
Propyidiclilorophosphine, 208 
Propylene, 107 

bromide, 372 

chloride, 372 

Propylenediamine, 384 
Propylene glycol, 363 

chlorohydrin, 370 

diacetate, 374 

Propylene, Halogen derivatives, 124 

iodide, 372 

oxide, 368 

sulphide, 173 

Propylenetetracarboxylic acid, 070 

ester, 669 

Propylene^j/fewdothiourea, 510 
Propylenepafittdourea, 503 
Propyl ether, 158 
aaoPropyl ether, 158 
Prwylethylene, 107 
inompylethylene, 107 


tsoPropylefchylene glycol, 363 

oxide, 368 

Propylfumaric acid, 574 
isoPropylfumaric acid, 574 
isoPropylglutaric acid, 668 
isoPropylglutolactonic acid, 614 
Propylglyceric acid, 594 
iaoPropylglyceric acid, 594 
Propylglycerol diethylin, 580 
i«oPropylglyoxal, 400 
Propylhydracrylic acid, 423 
Propylideneacetic acid, 340 
laoPropylideneacetoaeetic ester, 481 
faoPropylideneiaobutylidenesuccmic acid, 678 
Propylidene chloride, 243 
iaoAopylidenecyanoacetic ester, 564 
isoPropylidenedithioglycollic acid, 429 
Propylidene diethyl mercaptal, 247 
isoPropylidenemalonic acid, 564 
Propyl iodide, 165 
'i«oPropyl iodide, 165 
Propylidenepropionic acid, 347 
Propylitaeonic acid, 573 
^soP^opylitaconic acid, 673 
Propylmaieic acid, 673 
*oPropy]malic acid, 612 
Propylmalonic acid, 540 
iaoPropylmalonic acid, 540 
isoPropyl mercaptan, 172 
«-PropyI mercaptan, 172 
Propylmesaconic acid, 574 
isoPropylmesaconic acid, 574 
Propylmethyleneamine, 260 
Propylnitramine, 201 
Propyl nitrate, 166 
i«oPropyl nitrate, 166 
PropylpsfiMdonitrole, 184 
Propyinitrolic acid, 184 
Propyl orthocarbouate, 484 
Propyloxychlorophosphine, 208 
Propylparaconic acid, 013 
isoPropylparaconic acid, 613 
'isoPropylisoparaconic acid, 613 
Prqpylphosphine, 207 
woPropylphosphine, 207 
Propylphosphonic add, 208 
Propylpiperidone, 461 
Propyl propenyl ketone, 273 
Propylene selenomereaptan, 177 
Propylsucciulc acid, 649 
iSoPropylsucciuic acid, 549 

anhydride, 551 

'tsoPropylsuccinimide, 553 
«-Propyl sulphide, 172 
Propyltartronic acid, 605 
iwPropyltartronic acid, 605 
Propyltetronic acid, 600 
Propylthiourea, 509 
Propyitricaiballyllc acid, 647 
woPropyltricarballylic acid, 647 
Propyl valerolactam, 451 
Propyivinyl ketone, 273 
Prosthetic group, 746 
Protamines, 744 
Proteases, 766 
Proteins, 739 

Constitution, 742 

- — Degradation, 741 

Products of hydrolysis, 741 

Putrefaction, 742 

Protones, 744 
Protoporphyrin, 750 
Prussic acid, 284 
Pseudomerism, 48 
Pseudomucin, 747 
Purine, 638 
Purone, 686 
Purpuric acid, 035 
Putrescine, 384 
Pyranose, 690 

Pyrandicarboxylic add, 663 
Pyrazoles, 409 
Pyrazolonopyrazolone, 663 
Pyridazolone, 480 
Irridone, 454 
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Pyrocinchonic anhydride, 574 
Pyioglutaminic acid, 613 
Pyromucic acid, 718 
Pyrone, 691 

Pyronecarboxylic acid, 616, 626 
Pyroracenaic aldehyde, see Methylglyoxal 
Pyroracemic acid, 462 

amide, 466 , 

ester hydiazone, 465 

mercaptole, 463 

iiitriJe, 464 

phenylhydrazone, 466 

reaction with ammonia, 465 

wreide, 600 

Pyrotartaric acid, 548 
«-Pyrotartaric acid, 557 
Pyrotartaric anhydride, 551 

nitrile, 664 

Pyrotartramide, 654 
Pyrotartrimide, 653 
Pyrotartryl chloride, 551 
Pyroterebic acid, 347 
Pyroxylin, 736 
Pyrrolidine, 386 
Pyrrolidinecarboxylic acid, 698 
Pyrrolylene, 116 

Pyruvic acid, see Pyroracemic acid 
Pyruvic alcohol, 393 
Pyruvil, 628 

Pyruvyl ethyl imidochloride, 465 

hydroximic chloride, 465 

Pyruvylpyruvic acid, 652 


Quarxenvlic acid, 344 
Quercitriii, 675 


Haobuio acid, 666 
llaceraic bodies, 71 

Kacemization of optically active substances, 
73 

Kaffinose, 730 
iiapic acid, 360 
Rational formula, 23 
Reductases, 766 

Refractive index of organic compounds, 64 

Resolution of inactive carbon compounds, 72 

Rhamninose, 675, 730 

Rhamnitol, 671 

Rhamnohexitol, 681 

Rhamnohexose, 698 

Rharanonic acid, 676 

isoRhamnonic acid, 676 

Rhamnosc, 676 

isoEhamnose, 676 

Rhamnosecarboxylic acid, 714 

Rhanmose hydrazone, 675 

mercaptals, 675 

osazoue, 676 

oxime, 675 

Kliodanic acid, 507 
Eliodeose, 676 
Rhodinal, 256 
Ribonic acid, €76 
Ribose, 676 

Rlbotrihydroxyglutaric acid, 677 
Kicinelaidic acid, 354 
Ricinoleic acid, 354 
Ricinostearolic acid, 354 
Ring-chain tautomerisin, 48 
Kocellic acid, 563 
Rochelle salt, 657 
Koncralite. 245 
Rotatory dispersion, 74 


Saccharases, 756 
8accharates, 694 
Saccharic acid, 717 
wtoSaccharic acid, 719 
Saccharic acids, 676 
Saccharin, 676 
isoSaecharin, 676 
Saccharins, 676 
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Saccharone, 677 
Sacoharonic acid, 677 
Saccharose, 724 
Salkowsky’s test, 764 
Salmin, 744 
Sarcolactic acid, 417 
Sarcosine, 441 

anhydride, ^47 

Satlvic acid, 354 
Saturated alcohols, 136 
Saturated compounds, 27 

hydrocarbons, 91 

Scleroproteins, 745 
Sebacic acid, 662 
Seignette salt, 667 
Selachyl alcohol, 586 
Selenetines, 430 
Selenides, 177 
Selenites, 178 

Selenium, Stereochemistry of, 45 
Selenomercaptans, 177 
Selenotrehaloses, 726 
Semicarbazide, 603 
Semicarbazones, 269 
Seminose, 691 
Semi-oxamazide, 539 
Semipolar double-link, 31 
Sericin, 746 
Serine, 695 
tsoSerine, 596 
Senimalbumin, 745 
Serumglobulln, 746 
Silicic acid. Esters of, 170 
Silicon, Alkyl derivatives of, 213 
Silicononane, 213 
Silicon, Stereochemistry of, 45 
Silicon tetraethyl, 213 

tetramethyl, 213 

Silico-oxalic acid, 214 
SinapoUne, 497 
Sincalin, 379 
Sitosterol, 755 
Smokeless powder, 736 
Sodium benzyl, 223 

ethyl, 223 

' ferrofulraiuate, 296 

I methyl, 223 

methylisodiazotate, 203 

nitroprusaide, 288 

Solid paiamu, 100 
Solubility of organic substances, 60 
Solution, Substances in, determination of molecu- 
lar weight of, 15 
Sorbic acid, 353 

ethyl ketone, 27<> 

Sorbin oil, 454 
Sorbinose, 699 
Sorbitol, 680 
Sorbitol triformal, 680 
Sorbose, 699 

Specific Gravity of organic substances, 55 

f refractive power, 65 

rotatory power, tiS 

Spermaceti, 149, 314 
Spermidine, 384 
Spermine, 384 
; Sphingosine, 588 
Spirits of wine, 138 
Sqnalene, 118 
Stachyose, 730 
Starch, 781 

Constitution, 732 

Starches, 731 
Starch guiu, 733 
Stearaldehyde, 828 
Stearamide, 324 
Stearic acid, 305, 306 

anhydride, 319 

Stearolactone, 429 
Stearolic acid, 348, 352 
Stearone, 264 
Stearonitrile, 327 
Stearoxylic acid, 352 
Stearyl amidoxime, 330 
ketoxime, 268 
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Stereoisomerism, 36 
Sterols, 754 
Sttgmasterol, 755 
Stovaine, 379 
Stmctoral formula, 23 

theoiTf 24 

Staffer’s law, 375 
Suberic acid, 562 

dialdehyde, 400 

Suberone, 662 

Succinaldehyde dioxime, 408 
Succinamlc acid, 552 
Sucdnamide, 554 
Succinanil, 553 
Succinanilic acid, 552 
Succim^obutylimide, 553 
Succindialdehyde, 399 
Succinethyleuediamide, 554 
Succinethylimide, 553 
Succinic acid, 547 
fsoSuccinic acid, 546 
Succinic acid semialdehyde, 457 

anhydride, 551 

hydrogen peroxide, 552 

Succinimide, 552 

dioxime, 554 

Sucdnimidoxidime, 554 
Succiniodoimide, 553 
Succinmethyliiuide, 553 
Succinobronumide, 553 
Succinochloroimide, 553 
Succinodibromodiamide, 554 
Succinohydrazide, 554 
Succinonitrilc, 554 
Sucoinophenyliiydrazlde, 554 
Succinyl chloride, 551 

hydroxamic acid, 554 

tetracetate, 554 

peroxide, 552 

Sucrose, 724 
Sugar anhydrides, 730 
Sulphaminobarbituric acid, 632 
Sulphatases, 756 
Sulphoacetic acid, 431 
Sulphoisobutyric acid, 431 
Sulphocarbonic acid, 488 
Sulphocarboxethyl disulphide, 489 
Sulphocarboxylic acids, 430 
Sulphopyanic acid, 523 
Sulphonal, 267 
Sulphones,'174 
Sulphonic acids, 175 
Sulphonium compounds, 173 
Sulphonyl dis-aminovalerlc acid, 440 
Sulphonyidiacetic acid, 430 
Sulphonyldipropionic acid, 430 
Snlphosuccinic acid, 608 
Sulphotetroiiic acid, 600 
Snlphothiocarlwnic acid, 489 
Sulphourea, 508 
Sulphoxides, 174 
Sulphurans, 374 
Sulphur, Determination of, 10 

Stereochemistry of, 45 

Sulphur dicyanide, 524 
Sulphuric acid, Esters of, 167 
Sulphurous acid, Esters of, 108 
Sulphur thiocyanate, 524 
Synthalin, 513 


TagATOBE, 699 
Talitol, 681 
Talomucic acid, 719 
Talonic acid, 714 
Talose, 697 
ffarlrinic acid, 333 
Tartar emetic, 657 
antiTartaric add, 658 
d>TartaTic acid, 656 

Configuration, 710 

l-Tartaric add, 658 
wtcW'Tartaric acid, 658 
Tartaric acids, 653 
~ aldehyde, 651 


Taxtronic acid, 604 

sezui'aldehyde, 598 

Tartronyldimethylurea, 632 
Tartronylurea, 631 
Taurine, 376 
Taurobetaine, 377 
Tauxocaibamic acid, 377 
Tautomerism, 48 
Telchmann’s crystals, 749 
Telluiidea, 178 

Tellurium, Stereochemistry of, 45 
Telluromercaptans, 178 
Teraconic add, 573 
Teracrylic acid, 347 
Tetxaacetohydrazinc, 324 
Tetraacetylarabinose, 674 
Tetraacetyldiiminobutane, 711 
Tetraacetylenedicarboxylic acid, 578 
Tetraacetylethane, 651 
Tetraacetyl mannitol dichlorohydrin, 680 
Tetraalkylammonium salts, Optical resolution of, 
199 

Tetraalkylphosphoiiium bases, 207 
Tetraalkyltetrazones, 204 
Tetraisoamylsilicane, 214 
Tetrabromobiityrlc mdehyde, 240 
Tetrabromodiacetyl, 402 
Tetrabromocthylene, 124 
Tetrabromoformalazine, 516 
Tetrabroinomethane, 485 
Tetracarbomethoxyarabinose, 674 
Tetracarboxylic acids, 667 
Tetrachloroacetone, 265 
Tetrachlorodiacetyl, 402 
Tetrachlorodiketoadipic ester, 603 
Tetrachlorodinitroethane, 186 
Tetrachloroethane, 121, 122 
Tetrachloroethylene, 124 
Tetrachloroethyl ether, 244 
Tetrachloroglutaconic acid, 576 
Tetrachloromethane, 484 
Tetrachloro-M-phenylpyrrole, 670 
Tetrachlorosuccinanil, 557 
Tetracosane, 98 

Tetracosanedicarboxylic acid, 663 
Tetradecane, 98 

Tetradecanedicarboxylic acid, 663 
n-Tetradecoic acid, 305, 306 
Tetradccylpropiolic acid, 352 
I Tetraethenyl hexasulphide, 320 
I Tetraethylacetone, 264 
I Tetraethylainmoniiim iodide, 198 
Tetraethylarsonium hydroxide, 212 
iodide, 212 

Tetraethylhydrazonium iodide, 203 
Tetraethyl lead, 216 
Tetraethylphosphonium hydroxide, 208 
Tetraethylsilicane, 213 
Tetraethylstibonium iodide, 212 
Tetraethylsuccinic acid, 650 

anhydride, 661 

Tetraethyltetrazone, 204 
Tetraethyl tin, 215 
Tetraethylurea, 497 
Tetrafiuoromethane, 484 
Tetrahydric alcohols, 649 
Tetrahydrocaivone isooxime, 451 
Tetrahydrofurfuran, 368 
Tetrahydropyrrole, 886 
Tetrahydrothiophen, 376 
Tetrahydroxystearic acid, 354 
Tetrahydroxyisovaleric acid, 070 
Tetrahydroxyvalerlc acids, 675 
Tetraiodoethylene, 124 
Tetraiodomethane, 485 
Tetraldan, 390 
Tetramethylacetone, 264 
Tetramethylallene, 114 
Tetramethylalloxantin, 634 
Tetramethylammonium hydroxide, 198 
iodide, 198 

Tetramethylacsonium hydroxide, 212 
iodide, 212 

Tetramethyldiaminoacetic methyl ester, 457 
Tetramethyldiaminomalonic eater, 618 
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Tetramethyldiaminonitropropane, 588 
Tetramethylene bromide^ S73 

chloride, 373 

Tetramethylenediamine, 384 
Tetramethylenedithioglycol, 374 
Tetramethylene glycol, 364 
Tetramethyleneimlne, 386 
Tetramethylene iodide, 373 

oxide, 368 

sulphide, 375 

Tetramethylethylene, 107 

bromide, 372 

chloride, 372 

glycol, 363 

nitrosochloride, 377 

oxide, 368 

Tetramethylethyltrimethylene glycol, 364 
Tetramethylfructose, 698 
Tetramethylfulgenic acid, 578 
Tetramethylgalactose, 697 
Tetramethylglucose, 694 
Tetramethylglutaric acids, 559 
Tetramethylglycerol, 582 
Tetramethylhydracrylic acid, 423 
Tetramethylhydroxyethylamine, 381 
Tetramethyl lead, 216 
Tetramethylmethane, 97 
Tetramethylmethyleiiediamme, 250 
Tetramethyl methylfructoside, 698 
Tetraraethyl-methylgalactoside, 697 
Tetramethylmethylglucoside, 694, 69b 
Tetramethyl-methylmarmoside, 692 
Tetramethyloctanedione, 405 
Tetramethyloxainide, 589 
Tetramethylpentanediol, 364 
Tetramethylphosphonium hydroxide, 208 
Tetramethylsilicane, 213 
Tetramethylstibonium iodide, 212 
Tetramethylsuberic acid, 662 
Tetramethylsuccinanil, 553 
Tetramethylsuccinic acid, 550 

anhydride, 661 

Tetramethyltetrahydrofurfnran, 368 
Tetramethyltetramethylenediaminc, 3S4 
Tetramethyltetramethylene glycol, 364 
Tetramethylpaeudothiourea, 510 
Tetramethyl tin, 215 
Tetramethyltriaminopropane, 588 
Tetramethyluxic acid, 638 
Tetranitroethane, 187 
Tetranitromethane, 186 
Tetrapropylsuccinic acid, 550 

anhydride, 661 

Tetrapropylurea, 497 
Tetrasaccharides, 730 
Tetrathiodiacetic acid, 430 
Tetrinic acid, 599 
Tetrolaldehyde, 255 
Tetiolic acid, 862 
Teteonal, 267 
Tetronic acid, 599 
Tetronic-carboxylic acid, 661 
Tetrose, 660 

Thallium, Alkyl derivatives of, 217 

dialkyl hydrides, 217 

Theine, 644 
Theobromine, 643 
pam^oTheobromine, 643 
Theophylline, 644 
Thetines, 480 
Thialdine, 247 
Thiamides, 328 
Thiele's Theory, 28 
Thioacetals, 247 
Thioacetamide, 328 
Thioacetio acid, 320 
Thioacetoacetic ester, 599 
Thio-acids, 819 
Thio-alcohols, 170 
Thioaldehydes, 245 
Thioaminobutyiic acid, 597 
Thioaminopiopionic add, 597 
Thioammellne, 526 
Thiobarbituiic add, 630 
pwyrfoThloburet, 510 


Thiocarbamic add, 505 
Thlocarbamlde, 508 
Thiocarbonic acids, 488 
Thlocarbonyl chloride, 490 
Thlocyanlc add, 523 

esters, 525 

isoThiocyanic add esters, 626 
Thiocyanic anhydride, 524 
Thioeyanoacetlc acid, 626 
Thiocyanoacetone, 626 
Thiocyanodiamidine, 515 
Thiocyanogen, 524 
Thiocyamiric add, 528 
iaoThiocyauuiic esters, 528 
Thiodialkylamines, 200 
Thiodibutyric add, 430 
Thiodicarbonic ester, 488 
Thiodiethylamine, 200 
Thiodi^ycol, 374 
Tbiodiglycollic acid, 429 

anhydride, 430 

Thiodilactic acid, 463 
Thiodilactylic acid, 430 
Thioethylene glycol, 374 
Thloformamide, 328 
Thioformethylimide, 289 
Thioformic acid, 289 
Thioglycollic acid, 429 
Thioglycollide, 429 
p«e«doThiohydantoin, 610 
Thio-imido-ethers, 328 
Thioketones, 266 
Thiolacetic acid, 429 
Thiolactic acid, 429 
Thiolbntyric add, 429 
Thioh'sobatyric acid, 429 
Thiolpropionic acid, 429 
Thiomallc acid, 60S 
Thionamic adds, 200 
Tbionuric add, 632 
Thionyl^obtttylamine, 200 
Thionyldlethylamine, 200 
Thionyldiethylhydrazine, 203 
Thionylethylamine, 200 
Thionylethylenediainine, 384 
Tbionylmetbylamine, 200 
Thio-oxalic add, 541 
Thiophosgene, 490 
Thiophosphoric acid. Esters of, 170 
Thiopropionamide, 828 
Thiopropionic add, 320 
Thiosemicaibazide, 511 
Thiosinamine, 509 
Tblosucdnanil, 552 
Thiosucdnanilic add, 552 
Tbiosugars, 700 
Thiotrehaioses, 726 
Thionramil, 633 
Thionrazole, 511 
Thiourea, 508 
Thionrethanes, 506 
Thippaettdouric add, 633, 636 
Thioveronal, 631 
Thioxanthine, 636,' 642 
Thiuram disulphides, 506 
Thiuram monosulphide, 507 
Threose, 651 
Thymine, 628 
Thyminose, <»5l 
Ti^ic acid, 346 

aldehyde, 255 

Tiglyceric acid, 594 

Tin, Alkyl derivatives of, 214 

Stereocheniistrj^ of, 45 

Trehalose, 724 
iaoTiehalose, 724 
Triacetamide, 324 
Triacetic add, 603 
Triaeetoihbromoglucoae, 696 
Triacetohydrazlne, 324 
Triacetonamine, 274 
Triacetone dialcohol, 590 
Triaccftonedlhydroxylamine, 275 
Triacetone dlurea, 497 
Triawtone-giucoheptitol ,681 
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Triaretonehydroxylaiuine, 27r» 
TriacefoHe peroxide, 265 
Triacetone sorbitol, 680 
Triacetonyltriaminetrioxime, 397 
Triacetyl borate, 317 
Triacetylglucal, 696 
Trialkylaniine oxides, 205 
Triallylcarbinol, 153 
Triaminoguanidiue, 517 
Triaminopropane, 588 
Triaminopyriniidiiie, 630 
Triiwamylsilicane, 214 
Triisoaraylsilicol, 214 
Tribenzal-d-talitol, 681 
Xribenzal trianiinoguanidine, 517 
Tribronioacetic acid, 335 
Tribromoacrylio acid, 343 
'rribromoaldehyde, 240 
Tribioinobutyric acid, 33<> 
Tribromoethyl alcohol, 144 
Tribromoethylene, 124 
Tribroinolactic acid, 421 
Tribromolactic acid nitrile, 433 
Tribromopyruvic acid, 464 
Tribromosiiccinic acid, 557 
Tribntyrin, 584 
Tricarballylic acid, 647 
Tricarbamidic ester, 502 
Tricarbethoxyglycerol, 584 
Tricarblmide esters, 521 
Tricarboxylic acids, 645 
Trichloioacetal, 242 
Trichloroacetaldehyde, 238 
Trichloroacetic acid, 334 
Trichloroacetoacetic ester, 477 
Trichloroacetoacrylic acid, 481 
Trichloroacrylic acid, 343 
Trichlorohutyl alcohol, 146 
Trichloro-ierf.-butyl alcohol, 418 
Trichlorobutyraldehyde, 240 
Trichlorobutyric acid, 336 
Trichlorocrotoiilc acid, 344 
Trichloroethane, 121, 122, 330 
Trichloroefchyi alcohol, 144, 239 

carbamate, 145 

Tridiloroethyleiie, 124 
Trichloroethyl ether, 157 
Trichloroethylidene glycol, 239 
Triehloroethylideneiwalonic ester, 564 
Trichloroethylidene trichlorolactate, 421 
TrichloroethyMeneurethane, 492 
Trichlorolactic acid, 421 
Trichloromethane, 290 
Trichloromethanesulphouie acid, 490 
TricWororaethylparaconic acid, 612 
Trlchlorophenomalic acid, 481 
Trichloropropane, 583 
TrichloroMopropyl alcohol, 145 
Trichloropyrimidine, 630 
Tzichloropyroracemic acid, 464 
Trichloxosuccioic acid, 557 
Trichlorovalerolactic acid, 421 
— — nitrile, 433 
Trichloryl tsocyanuric acid, 523 
Tricosane, 98 
Trioyanogen chloride, 523 
Tridecaldehyde, 238 
l^^ecane, ^ 

Tridecanedicarboxylic acid, 563 
i^-Tridecoicadd, 305 
Tridecylamide, 324 
Tildecylonltrile, 327 
Triethoxyacetonitzile, 540 
Tkietbyl alnminiam, 216 
TzietbylaiaiDe, 212 
— — snliddd^ 212 
Trietbylaisenoxide, 212 
XriethylbetaiDie, 442 
Triethyl bismuth, 213 
Triethyiborine, 216 
Trietbylens glycol, 363 
TrtetbylglycSSll, 442 
7M6tky!bydio:qrl&iriiue, 205 
Triettolidcnfi dibulplioxie sulphide, 247 
— — trisu^^bKme, 247 


Triethyl lead chloride, 216 
Triethylraelamine, 531 
Triethyl isoinelamine, 531 
Triethylphosphine, 207 

oxide, 208 

sulphide, 209 

Triethylsilicol, 214 
Triethylsilicou ethoxide, 214 
Triethylstibine, 212 
Triethyl thallium, 217 
Triethylthiocarbainidc, 509 
Triethyl tin chloride, 215 

hydroxide, 215 

Triethylurea, 497 
Triglycylglycine, 448 
Triglycylglycinecarboxylic acid, 493 
Triglycollaniic acid, 443 
Trihexosan, 730 
Trihydric alcohols, 579 
Trihydrocyanic acid, 531 
Trihydroxyadipic acid, 677 
Trihydroxybutyric acid, 65 1 
Trihydroxy isobutyric acid, 652 
Trihydroxycholanic acid, 753 
Trihydroxy-ji-glutaric acid*?, 677 
Trihydroxyiuethylglutaric acid, 677 
Trihydroxymethyltetrahydrofiiraiu’arhoxyllf 
.acids, 714 

Trihydroxytriethylamine, 3Sl 
Trihydroxyvalerlc acid, 652 
Triiminobarbituric acid, 680 
Triiodoacetic acid, 335 
Triiodonitroethylene, 182 
Triketocholanift acid, 754 
Triketoheptane, 593 
Trilcetohexane, 592 
Triketones, 592 
Triketopeutaue, 592 
Triketo-»i*valeric acid, 652 
Trimercuriacetic acid, 537 
Trimethylacetaldehyde, 238 
Triniethylacetamide, 324 
Trimethylacetic acid, 303, 304 
Trimethylacetonitrlle, 327 
Trimethylaoetyl <*hloride, 317 
ttci-Triinethylacetylacetaldehyde, 390 
Trimethylacetylitainalic anhydride, (il3 
Triinethylallene, 1 14 
Trimethyl aluminium, 210 
Triinethylamine, 197 

oxide, 205 

Trimethylarabinose, 674 
Trimethyl-y-arabinose, 674 
Triraethylarsine, 212 

bromide, 212 

sulphide, 212 

Trimethylarsinoxido, 212 
Trimethyl bismuth, 213 
Trimethylborine, 216 
Trimethyl-butenolactone, 453 
Trimethylbutyrobetaiue, 449 
Trimethylbutyrolactouc, 428 
Trimethylcarbimide, 521 
Trimethylcarbinol, 146 
Trimethyldiethylpiperidone, 590 
Trimethylene bromide, 372 

chloride, 372 

chlorohydrin, 370 

cyanide, 558 

Trimethylenediainine, 384 
Trimethylenedicyauosuccinic ester, 720 
Trimethylenedimalonic ester, 668 
Trimethylene diphenylhydrazine, 253 
Trimethylenediauccinic acid, 669 
Trimethylene disulphide, 875 

disulphone. 375 

sulphide, 247 

IMmethyleneethyleuediimine, 388 
Trimethylene glycol, 364 

diacetate, 374 

Trimethyleneimiue, 386 
Trimetbyleneiminesulphottic acid, 588 
Trimethylene iodide, 372 
Trimethylene mercaptan, 874 
I oxide, 368 
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Trimethylene triaulphone, 247 
Trimethyleneurea, 498 
Trimethylethylene, 107 

glycol, 363 

oxide, 368 

Trimethylethylmethane, 97 
Trimefchyl-ethylpyrrole, 750 
Trimethylglncose, 696 
Trimethylglutaconic acid, 577 
Trimethylglutarlc acid, 559 
Triuiethylglycidic ester, 595 
Trimethylglycocoll, 380, 442 
Trlmethylhydracrylic acid, 423 
Trjmethylhydrazonium iodide, 203 
Trimethylketol, 394 
Trimethylmalic acid, 611 
Trimethylmelamlne, 631 
Trimethyl 'Jsomelamine, 531 
Trimethylmethane, 97 
Trimethylmethylarabinoside, 674 
Trimethyl-y-methylarabinoside, 674 
Trimethylparaconic acid, 613 
Trimethyl-phenylpyridazolone, 480 
Trimethylphosphine, 207 
Trimethylpimeilc acid, 662 
Trimethylpropiobetaine, 444, 448 
Trlmethylpyroracemic acid, 464 
Trimethylpyrrylproplonic acid, 750 
Trlmethylstannic hydroxide, 215 
Trimethylstibine, 212 
Trimethylsucclnic acid, 550 

anhydride, 651 

Trimethyl sulphonlum hydroxide, 174 

iodide, 174 

Trimethyl tin iodide, 216 

Trimethyltrlcarballylic acid, 647 

Trimethyltrimethylene glycol, 364 

Trimethyltrloae, 690 

Trimethyluracil, 629 

Trimethyluramil, 632 

Trlmethylurlc acid, 637 

Trlmethylpsatfiomic acjid, 632 

Trlmethylvalerobetaine, 449 

Trimethylxanthine, 644 

Trimyxistin, 685 

Trtaftroacetonitrile, 540 

T^troethane, 186 

TdnltEomethane, 186 

Mnltromethylbutane, 397 

Triolein, 585 

Tilonal, 267 

Trioxymethylene, 236 

Tripalmltin, 585 

aWphenylmethylgalactose, 697 

Triphenyimethylglucose, 696 

TriphenylmetbyltetrainethylaiiuuoniQm, 198 

Ttipropylamine oxide, 205 

Trisacohaxides, 730 

Triatearin* 585 

Trithioacetaldehydes, 246 

Trithioacetone, 267 

Trithiocarbonic acid, 489 

Trithlodiacetic acid, 430 

Trithioformaldetaydes, 246 

Trithio-dia-malonlc ester, 545 

Tnracin, 750 

Turanose, 728 

Type Theory, 21 


UNDEOai-DBnyPE, 288 
tJndecane, 98 
Undecanoic acid, 480 
Undecenoic add, 348 
Undecenol, 152 
TJndecenylamlne, 199 
»-Undeeoio acid, 305, 306 
Undecolic add, 352 
Undecylamine, 197 
Unsatnrated compounds, 27 
Uracil, 628 

Uracilcarboxyllc ester, 622 
Uraciiimide, 62$ 

Uracils, 628 
Uramfl, 632 


Urazole, 505 
Urea, 494 

chlorides, 493 

Urease, 496 
Ureides, 498 

— ^^of aldehyde- and keto-moikocarUoxylic acids 

of dicarhoxylic acids, 629 

. of hydroxy-acids, 499 

: Urethane, 491 
I Urethanes, 491 
I laoUretin, 289 
I Uric acid, 635, 641 

• oxidation, (>38 

synthesis, 639 

i^oUric acid, 634 
pscudoUric acid, 632 
I Uric acid group, 626 
I Urobutylchloralic acid, 240, 716 
j Urochloralic acid, 716 
: Uroporphyrin, 750 
[ Urotropine, 248 


t 


I 


Valency, Electronic Theory of, 29 
I’soValeraJdehyde, 238 
n-Valeraldehyde, 238 
tsoVaieraldoxime, 251 
Valeramide, 324 
taoValeric acid, 303, 304 
«-Valeric acid, 303, 304 
Valeric acids, Esters of, 314 
Valeroin, 394 
Valerolactam, 451 
Valerolactones, 427, 428 
Valerolactone-acetic acid, 615 
Valerolactone-carboxylic acid, 614 
Valerolactone-dicarboxylic acid, 666 
iaoValerone, 264 
Valeronitdie, 327 
iaoValeronitrile, 827 
oa-iso-Valerylacetaldehyde, 396 
Valeryl chloride, 817 
isoValeryl chloride, 317 
Valine, 444 

Vanadic acid, Esters of, 170 
Vapour density, Determinatiou of molecular 
’Weight from, 13 
Vaseline, 100 
Veronal, 631 
Vinyl, 123 

Vinylacetic acid, 345 
Vinylacetonitrile, 345 
VInylacetylene, 117 
Vinylacrylic acid, 358 
Vinyl alcohol, 160 
Vlnylamine, 199 
Vinyl azide, 204 
bromide, 123 



Vitellla, 745 
Vitiatine, 513 
Volemitol, 681 
Vduntal, 145 
Vulcanite, 736 


Waldes Inversion, 70 
Waxes. 314 
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Will ami Varrnnlrap'h mol hod, *J 
Wintergreen oil, 137 
Wood alcohol, 735 

spirit, 136 

sugar, 674 


THANE hydride, r>;i4 
JXaiithates, 489 
Xanthine, 641, 642 
Xanthine group, 640 
Xanthogenaniides, 506 
Xanthogenates, 489 
Xanthophanic acid, 001 
Xauthophylls, 752 
Xanthoproteic reaction, 7 JO 
Xanthorhamnin, 675 
Xanthosnccinic add, 6().s 
Xanthoxalanil, 620 
Xeronic anhydride, 574 
Xylamine, 671 



XylochloraJ, 675 
Xylonic acid, 676 
Xylosazone, 675 
Xylose, 674 

I Xylosecarhoxylic acid, 71 1 
I Xylosido-glucose, 724 
I Xylotrihydroxygiutaric add, 077 
Xylo-trimethoxyglutaric a(‘id, 677 

I 

I ZEIN, 745 
I Zeisel's method, 11 
Zinc, Alkyl derivatives oi, 221 

uo-amyl, 222 

ethyl, 222 

iaobutyl, 222 

methyl, 222 

itfopropyl, 222 

propyl, 222 

Zwiftcrlon, 437 
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